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idTRODUOnON 

fO THE iSTICUSS EEIiATINO lo OBSANIO OHEMIBTBT. 

• 

Ik tke pr6sent*TA^a (he nomenoludbre u me seme w that adopted in^tbe first 
>volame. It has been e!$Iaved in the Introduction to that volume, pp. viii-xivr Thus, 
^0 ttdfe a single instance, the products of condensation between hydrazines and ketonio 
compounds are still cal]pd hydtazides, although ^Emil Fischer has, since the publication 
of the last volume, changed their name to bydraeonea. • Even supposifig the latter 
name to be preferable, its abrupt introductign would greatly conflise^the nomenclature 
Jby depriving it of imiformily. 

^ S^nce the publication of the fizet volume I have been agisted in the work of reading 
and making abstracts of original memd&s by Drs. T. A. [Lawson and Samuel Bideal, 
Messrs. J. WiJtie^J. T. Noi^an, V. H. Veley, G. N. Huntly, S. H. Collins, Br. G. McGowan, 
A. Louis. I have also been (|^ly assisted by Mr. Arthur G. Green in thcwwork 
of revising proof sheets. 1 have great pleasure in thanking the^ gentlemen for 
the anergetio and efficient maimer in which^they have carried out their share of 
the work. 

H. FoRsrsfi MOBX.BT. 


Xemeaolature of King Formttlai. 

Bydrocarlxmt, 


IndSnarVhmt. 

. CH. 

/ \ Trirntthyltiu. 


OH,-CH, 


TetramtkyltM, 

Pmtamthyleiu, 


CH-CH 

I I TetramMhmyt. 
CH-OH 


Nifrogm ring coffl^ouwm. 


CH-fiH.. 

NH Pjj^ole 01 Pyrroi 

. I . ;CH» PyratoU. 
jNfcca/ 
h,c-n. 

,1 ^ 9 h iteHpyntiots. 

h;p=.n/ 


Pyrimidint. 

• Pyrwrint. 


t NH, 

^OH QlyoxaMm, 



brSBODUCTION. 

\fiitrogen ring copipounds—coni. 


N:CHv 

J,CH> 


HMCH, 


.NHor I Triazole. 

N:CH/ 

CHi=N. 

I • \NH Osotriasole. 

ch==n/ 

N= N. 

I \NH TelrazoU 
N=CH/ 

C.H,<®jJ^CH Indole. 


c.H/r>yH' 

^CH 


Indazine. 


^ettdo-indazi^ie. 


J /CH. . . 

C^ 4 <^| ^C^H 4 Acridine. 

1 ^CaH4 PJiei^sine. 

I NaplSiazine. 


Tr^eoUn*. 

t 

0§teiraeoU. 

A ^CH==CH I 
C4H4< • ,4 * QuinoUrw* 
\n^ch 

• *CH=CH * 

C,H,^ I laoqumoUn*, 

• , \CH=N 

/N=CII 

CgH.f 1 Quifwxaline, 

\n=ch 




/ 


.CH=N 


\ m 

,tH=cn 


If ‘*Quinaeoliye, 


c,n,< 


/ 




I CinnMins, 


CH=CH. 


^0 Fiirfuratic, 
n=CH^ 

C4H4<^^^CH CotifnaroJie, 


4 : 


Oxygen ring compounds. 

^ 0 — CH; 


OxazoU. 


Carhizine. 


n Tj nxr f Phenazoxine or Vi-phmyl- 

oxazine. 


CH=CHv 

I >S 
CH=CH/ 


I • >s 
c - c < 

I 

CH=CH/ 


Sulphur ring compounds. 

I S - CH;. - 

Thiophene. 1 | * Thiazdie. 

CH==C[V • 

I NH f ^^-P^^^y^dhiazvHk {fhiod^ 

g j phcnytamine OT Imido-du 

*■ t phenyl sulphide). 

Thiophthene. /Nx „„ f Methcmjl-amiilo-phenyLmei 

caftan. 


In many of the above fornmloe the exact |tracture is not known; alternative way* 
of writing some of them will be founi^ in vol. i. p. xiL 
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HAKRY BAKER, Esq., F.C.S,, Chemist to the Aluminium Ccwyviny, OUbury, 
Contributes CRTstALLisAiiON. , 

FRANK WIGGLESWORTII CLAHKE, Esq., B.Sc., CAil/ ChemisU TJnited Statn 
Qeological Survey. Contributes Elements. 

Misf#>*H|A FREUND, Leciurijr in Chemistry,' New^tam College, Cambridge. Cou» 
tribrfite Densities, relative. * 
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J, . FRANCIS R. JAPP, M.A., ft^h.D., F.R.3., Assistant Professo^of Chemistry at the 
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EiNKs, and Hydrazones. 

0. M. . GEOJ^IE McGOWAN, Ph.D., F.R.S.E., Demonstrator in Chemistry at University 
• College of North Wales, Bangor. Contributes Ciiolestkrin. 

• 

Jt’.'W. R. F. W#RU^DLER, F.G.S., Curator of the Museum of Practical Geology, London. 
Contributes Geological chemistry. 

I.k . IR# REMSSN, ^*h.D., Professor of Chemistry in Johns Hopkins University, 
* PHiltimorc. Contributes Equivalency and FouiiuLi®. 

S. R. ^ . SAMUEL RIDFiAL, D.Sc., Lecturer on Chemistry at St. Gage's fLospital Medical 
School. Contributes Fermentation. * * 

S. ^ . Dr. EDWARD SCHUNCK, Ph.D., F.R.S.. Manchester. Contributes Chl^rophim., 

A. S. . ALFRED SENIEB, M.D., Ph.D.I Contributes Cyanic acids. 


H. B. f 

• 

F.w.e”, 

I. P.. . 

A. G. a.0 

D. H. . 

J. J. H. . 
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J. J. T. . J. J. THOMSON,F.K.S., Professoi.of Experimental Physics in the University 
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jirr. • . B. THIiELFALL, M,A., Professor of Physics in t/ie Unfeersity of Sydney, E.S.W. 

• Con^ibutes Dissociation and Explosion. 

T, E. V. .* T^,THOItP^, Ph.D., F.B.S., Professor of Chemistry at the Boyal School of Mines. 
^ftntributes Goubusiion and FlauA 

* A • » , 
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Articles by Mr, MUIB are initialed M. M. P. M. 
UnBioNin Aeitclns are by Dr. MOBLEY. 




ABBEEVIAjnONS 


I. JooEKiLS Asu Books. 


Whtn an author has hem mentioned in an article, he is mmlhj refonei to thereafter 
* * ' in that article bp'his initial only. 


'C.J.Proe. 
C.N. . 

as. . 

C. C.. . 

D. P. J, 
‘Pr. . ♦, 
0 .. . . 

a. A.. , 
B. .• . 
L... 

. 

• 

^C. T.. 
\3f, . 

Si r 

J.B.. . 
AZ.. . 

r. . 
[> • • 

& . 
Uim. a. 


Liebig's Annalen der Chemle. 
r&iiiaies de la Bociedad Gisntifica Argentina. 

Aniales de Ghimie et de Physique. « 

Froceedicl|;s of the American Academy of Arts and Soiesees* 
American Ghemical JournaL 
Annies des Mines. 

American Journal of Science. 

Journal of the American Chen I Sooio^.' 

Americ^ Chemist. 

Americ^ Journal of Pharmacy. 

The Analyst. 

Proceedings of the American Pliilosophical Society* 

Archives neerlandaises—The Hague. 

Mdmoires de TAcad^mia des Sciences. 

Archiv der Pharmacie.' 

Archives des Sciences phys. et *)at. 

Berichte der deutschcn chemischen Gesellsohaft. 

Beports of the British Association. 

Buliotin de la Soci^te chimique de Paris. 

Berliner Akademie-Berichte. 

Biedermann’s Centralblatt fur Agricultur-Ghemia. 

Berzqlius’ Jahresberichte. 

Berliner Monatsbericbte. 

Memoici? of the Chemical Society of London. 


Biooeedingg of the Chemical Society of London. 

Chemical News. 

Comptes>rendu8 hebdomadaires des Stances de TAcadSmie deS’Syienoea— 
Paris. 

Ohemisches Central-Blatt. 

Dingler's polyteohnisohes Jouma'il 
Ff^senins’ Zeitsobrift fur analytische Chemie. 

Gazzetta ohimioa italiana. ^ 

Gilbert’s Annalen der Physu und Chemie. 

Hoppe^Seyleiiis Zeitsch^'ft fur physiologisclm Chemie. 

Proceedings of the Royal Irish Acaitemy. 

Jahresbericbt uber die Fortschritte^der Chemie und vcrwandter Tbeils 
api^rer Wissenschaften. 

Jahresbericbt fur (ttiemische Tecbnologie. 

JaHVbush ftir Mineralogie. 

Journt^de Physique et des Sciences aocessoircs. 

Jouv&l Pharmacie et de Chimie. 

Journal filr praktische CheiSlie. 
k^hresbeaioht fiber Thierohemie. 

[i^umal of the Russian Chemical S&iety. 

Jenaisftie Zdltscbrift filr Medicin und Katurwissensc^afi 
Landwirtbsohaftliche Ters^hs-Stationen. 

Mc^atshefte ffl/ Chemie una verwai^e Theile anderer Wi.sscnsohaften. 

Le Moniteur Soientifique. 

M^oires de la Sooi4t4 d^Aznutil. 

M^oires qooronnds par PAoaddmie de Bruzel^s, 



X 


ABBREtlATIOm 


S. . . 

N.Ed.P.J. 
N. J. P. 
N. B. P. 
N.J.T.. 
P.M. . 
P.. . . 
P.B.. . 
Pf. 

Pr. E. . 
Fh. . . 
Ph.C. . 
Pr. . . 
P. B. I.. 

P. Z. . 
B.T.O.. 
B.P.-. 

Q. J. S .. 
S.. . . 
Seller. J. 

S. C. I. . 
Sitz.W. . 

T. or Tr. 
T.E.. . 
W. . . 
W.J. . 
Z. . . 
Z.B. . 
Z.f. d. g. 

Eatnr- 
wtis. . 
Z.K.. . 

P. c. 

Bn. . i 
E. P. . 

a.p. . 

Qm. . . 

(jin.rK. . 

Oerh. 

K.. . . 
3.0. . 
Stas. 

Beck, 
Stas. 
Nouv. J?.| 
Th. . 


Natwe. 

New Edinbnrgh Philosophioal Journal. 

Neuer Jabresbericht der Pharmaoie. 

Neuea Repertcrium fur die Pharmaoie. 

Neues Journal von Trommsdorff. 

PhiloBophical Magazine. 

Poggendor0f’s Annalen der ^ysik und Ctemie. 

Beiblatter zu den Annalen derd'hysik und OheplM# 

Plluger’B Archiv fiir Phyfif'Jpgi^*. 

* Prooeedings of the BoyaTSocie^^ of Edinburffh ., 

.Pharmaceatical Journal atid Transaction^. 

Pharmaceatisohes CentrabBlatt. 

Proceedii^B of the Royal Society. 

Prooeedings^of the Royal Institution of Great BritaUk 
Pharmaoeutisohe Zcitschrift fiir Russland. 

Beoueil aes travaux chimiques 4cs Pays-Bas. 

Bepertorium fur die Pharmaoie. 

Quarterly^^i^jhial of Science. 

Schweiigg^V^urnal der Physik. 

Scherer's Journal d^r #hemi6. 

Journal of the Society of Chemical Industry. 

Sitzungsberichte der K. Akadomie zu Wien. 

Transactions of the Royal Society. 

^ansactions of the Royal Bociaty of Edinburglu 
Wiedemann’s Aniftlen der Physik und Chemie. 

Wagner’s Jahresbericht. 

2eitschrift fiir Gh^ie. 

Zeitschrift fiir Biologie. 

Zeitschrijt fur die gesammten Naturwissenschaften. 

Zeitschrift fiir Krystallographie und Mineralogie. 

Zeitfchrift fiir physikalische Chemie. 

Handbuch der organischen Chemie: von F. Beilstein, 2te Auflaga. 

English Patent. 

German Patent. 

Gmelin’s Handbook of Chemistry—English Edition. 

Gmelin-Kraut: Handbuch der anorganischen Chemie. 

Traits de Ghimie organique: par Charles Gcrhaidt. 

Lehrbuch der organischen Chemie : von Aug. KekuIA 
Grahara-Otto: Lehrbuch der anorganischen Chemie [5th*Ed.7 
Btas’ Recherches, Ac. ^ ^ 

Aronstein’s Gi^mai^ translaGon is re* 
Stas’ Nouvelles Recherches, Ac. J ferred to as Cltem. Propon* 

Thomsen’s Thermochemische Untcrsuchungen. 


Aq. . . 



A . ) 

B' B" etc. 


oono.. . 
dil. . . 
g. . . . 
mgm. . 
mm. . , 
mol. . . 
oil. . . 
pp. . . 
toppt. . 
PPg- . . 
ppd. . . 


II. Tbbms and Quantities, Ac., frequentlt used. 

Water; e.g. KaOHAq means an aqueous solution of caustic soda. . 

18 parts by weight of water. • * 

Residues of mono-, di-, and tri-basic acids. Thus, in describing the salts 
of a monobasic aoidllaA', CaA'j, AlA', &ayho written, HA' sending 
fOT the acid. For a dibasic acid we should write NaM*^, CaA", Al^A", 
Stand for bases of the ammoiya type, in describing their salts. Thus thi 
hyd^hloride would be B'HCl or B"2Hpi, accoi^ing m the baseci 
monooid or diaoid, Ac. * * * 

ConoentlflUs. 

IHlute. 

gram. 

milligram. 

millimetx% 

molecule. 

liquid^ nearly, or quite, insMuble !o water. 

precipitate. 

to precipitate. 

precipitating. 

piMipitatedt 



lul. . . 
. 

t. 6. eok. 
r T. Boi. 
m. sol. . 
A. sol. . 
Y. si. sol, 

. , f 
c/.. ♦. . 
c. . . , 

z > • 

* 

Mol.w.or 
M. w.* 
D.. « a 
cor. . a 
uDcor. 
i.V.. . 
V.D* . 
8.G. . 
S.G. ’a" 
S.G. 
S.G.W 

S.H. . 
S.H.V. 
S.H.p. 
H.C. . 


•,^.0. r. 

H.P. 


H.F. v» , 

*H.F.p. . 
H.V. . . 


Boluble in. 


T.C. 

S.V.. 


S.V.S. . 

E.O. . . 
O.E. (10'> 
to 20°) 

8 .. . . 
8. (alco- 

4i-. ■ 

Ref. . 

: • 

Be . . 

W» • 


ABBIiEVUTiaNii 

« 

Boloble in. 
hisolnble iiC 
very easily 
Very 

^moderately 
^ Rightly 
^lery slightly 
see. . 
oomp^. 
about. •• 
a iqelting-point 
a bbiling'point.^ 

Hardness (of minerals). 

Atomic welgiit. 

Molecular weight. 

Density. • 
corrected, 
uncorrected, 
in liip^r. 

vapourlknsity, i.e. density of a gas compai^d tvith 1 
Specific gravity compared with water. • 

„ „ at 10 ^ compared w^th water at 0'^. 

„ .» » 15° >, „ „ 4°. 

„ ^ 12^; compared Ifith water of which the tempegature ii 

not given. * *• 

Specific he^. 

$t tt at constant volume. 

» II » If If pressure. 

(Quantity of heat, in gram-units, produced during ths complete com* 
Iftistion of the mass of a solid or liquid body represented by iU 

• formula, taken in grams. 

Heat of combustion in gram-units of a gram-moleoule of an element of 
compound, when gased^s, under constant volume. # . 

The same, under constant pressure, 

Quantity of heat, in gram-units, Reduced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
a&mB, from the masses of its constituent elements expressed by 

• their formula), taken in grams. 

Heat of formation of a gram-molecule of a gaseous compound from the 
gram-molecules of its elements under constant volume. 

The samS, under constant pressure. 

Heabof vaTOrisation of a liquid, i.s, gram-units of heat required to change 
0 a gra^molfoule of the liquid compound at B. P. into gas at some 
^mperature and pressure. 

Thermal oonduotivity (unit to be stated). 

Specific volume; or the molecular weight of a gaseous compound divided 
by the S.O. of the liquid compound at its boiling-pqjnt oomparea with 
water at 4®. • • 

Specific volume of a solid; or the^ass of the solid expressed by its 

• fditeula, taken in grams, divided by its S.G. * 

Electrical conductivity (the unit is stated in each case). 

Ooefficient of expansion (betweei#10° and 20°). 

* r of a ^as« volume dissolved bp 1 volume of water. 
Solubility in watep J of a liquid or soud « number of grms. dissolved by 
„ „*aloohol (100 grms. of watft. In both oases t^e temperature 

*• y 6 stated. 

Inde 4 refraction for hydrogen line*A ^ 

If • tf 0 , sodium I, D, &i. * 

Moleoulv refraction for sodium light, i.e. index of xa^otion for line n 
miiTOB one, multiplied by noleoular weight, and oMal by S.Q. at 15° 

* ♦^mpar<^ with water at 0°. 

Th Aame; S.G. being determined at ]6°-20° and referred to water at 4°. 
Vie sam^for line of infinite wave-lengthi iodex being'determined by 
Cauchy’s formula (Brfihrs Ba)* 

Speoidi rotation tov sooium U^t. 

,1 „ neutral tint, «i-observed rotation for 

400 mm. of liquid. d-S.^. of Hquief. of grammes of active 

lobstanoe in 100 grammes of liquia. 



di 


ABBUEVIATIONS. 


M.U. 


Ae 

Bz 

Cy 

Me 

Ph 

Pr 

Pr 

R,R' 

prim 

tec 

tert 


m, o,p 


whesum » molMalti 


MoI(»{<!ai maKDetio rotatory poyer = m- 

voitiht of the body of S.G.» d, a • angle ^ rotation onder magnetii 
influenco, a' = angle of rotation of water under eame influehoef one 
m'‘ molecular weight of water (18V 
Acetyl C,U,0. 




.OH. 


{ inborn? ala 


1,2,9,*0. 

(•). W. 
Ac. 

(fl.) . . 
{Py-)> • 


a.), 

esO‘ 

exO’ 

allO‘ 


Benzoyl C,H*0. 

CyanoRen CN, 

Ethyl C.Hv 
Methyl CH,. 

Phenyl CgHe. 

Normal Propyl CH,. CH^ 

Isopropyl CH(CH,),. 

Alodho) radicles or alkyls, 
primary, 
sedbndary. 
tertiary, 
normal. ^ 

oOtho->para. 
coniieeatiTe. ^ 
irregular. * ^ 
symmetrical, 
unsymmetrical. 
pseudo. 

attached to introgen. 

Eipployed to denote that the substituent is attached to a carbon atom 
which is next, next but one, or next but two, respectively, to the 
terminal carbon atom. The end to be reckoned from is determined 
^by the nature of the compound. Thus CH,.CIlBr.CO.^H is a-bromo* 
propionic acid. , 

denotes that the element or radicle which follows it is attached to a ter> 
minal carbon atom. 
a,j3«7,&o. Undicate position in an open cham only, 
rindicate position in a ring only. 

I Used when a, B, dro. are employed in a sense dmerem irom me anove, 
e.g. (a)<di>bromO'Camphor. 

Baeyer’s Nomenclature: 
benzene ring, 
pyridine ring. 

Thus (R. 1:3) dichloroquinoline, means ameta-dichloroqu&olinein 
which the chlorine atoms are both in the benzene • 

While {Py. 1:3) dichloroquinoline, means a similar bodv, only the 
chlorine atoms are in the pyridine ring. Tlae nuidbers are oouiUed 
from two carbon atoms which are In dMereltt rings, bUt both united 
to the same carbon atom. € • 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. ♦ 

xBgaiHs that the element or radicle it precedes is in a closed ring. 

^ „ „ not in a benzene ring, 

sdenotes isomerism that is not indicated by ordinary formulee: thus malgo 
acid may be called a/Zo-tumunc acid, 
thio- . • denotes displacement ct oxjjRen by sulphur, 
suipho- . „ the group S0,,H, except in the word aulphocyanide. 

sulphydro* „ the group SH. % • 

Tribromdliitrobenzene sulphonic acid |i:2:3:4:5] means that the three 
bromines occupi^ positions 1, 2, an<^3;* the nitro* sroun thenositlond, 
* and the suipho. grcu[. the position 5. 

* ^QOtes t^at the formula tc*which it is atlixed nas ^ot~ oaen aeieimmei 
aaalysts. But it by no means tolicws that formulae without this mark are tlu^~ 
analysed comwcr-lj. - * 

AU tempdntures are given in degreel Centigrade unless ^en B{(eoiaily« stated 
otherwise. . • 

Wave>lengths are given in loAnm. 

^Formulas, wl^n used inateld oi names of substancdl, ha4 a quid^htive xnq^ing 
^homs^’s notation is used m thermotSiemical data. 




DICfflONAKY OE nmaSTRY 


OHEKOCEOLZO ACIS € 27114 , 04 . Formed by (containing 4aq). Insol.^talcohol and ether, al. 
lulling tawoolicnocholic acid, from goose-bile, 8<?1. water. Very weak base.—B. 4 (H 2 S 04 ), 16 aq: 
with faaryta-w^ter (Hointz a. Wislicenus, P. lOB, fine needios.—BH^Cl^FtCl, 3aq (Skraup, B. 12, 
647). Amorphous mass (from alcohol or ether), 1104). . * , 

Insol, water. Gives#e4tenkofor’8 reaction wi^ CHITIN v. Pbotbios, Appendix C. 

ILSO, and sugar. Insjk cold KOHAq, but dis- CHLOlrAL* 02 HC 1,0 t.e. CCI 1 .CHO. Tri* 
solves on warming, forming a solution that is chloro-aceiic^aldehyde. Mol. w. 147'5. [c. -75“] 
ppd. by BaCl,#nd CaCU—BaA',. (dried). (14ertheIot, Bl. [2] 29, 3). (98® cor.) (Perkin); 

CHENOPODINE C,li,jN 04 . This base, which (97-2®) (Thorpe, G. J. 37. 191). V.D. 6-13, 
occurs in white goo&tloti'^Chenopodinm album) H l‘r>292 (j^erkin, C. J. 61, ^08); * 5 “ i'512] 
(Roinsch, N. J. P. 20, 268; 21, 132; 27, 193; (Brubl, A. 203, 11); | 1*5417 (Pa.). C.E. 

jjr. [2] 22,188), is probalilJy leucine (Gorup- (0®-10®) *001123; (0®-100®) *001295 (liaura 
Besanoz, B. 7,147). • Passavant, C.39, 63). /xd 1*4623. 48*06. 

• CHICA. A red dye obtained from the leaves M.M. 6*591 at 16® (Perkin). S.V. 107*4. 

of Bignonia Ghica growing in South America. Fomiation.—l. By the action of chlorine on 
The colouring-matter hiay bo extracted by alco- aqueous aldehyde (Pinner, B. 4, 256; Wurtz a. 
hoi. It is iruul. jther and^Na^COjAq, but sol. Vogt, Z. 1871, 679).—2. From iri-chloro-acetal 
bromic acid oxidises it to amsic and HjSO, at 150® (Faterno, ^4.150,256^ ^* [2] 
acid (Erdmann,/.pn 71, 198). • 4,733).—3. By distilling stftoh or'sugar with 

• chicory? The blue blossoms of Ctc/iomffj and MnO.^ (Stadeler, 4. 61, 101).—4. By 
Intybus contain a glucoside C,JI, 40 ,., 4 ‘aq distilling tetra-chloro-ether, GClt.OHCl(OEt), 
[215®-220®], which may be extracted by dilute with H 2 SO 4 (W. a. V.). 

alcohol. It ciystallise^ from water, in which it Preparation.—Ghlonufi gas is passed into 
is slightly 8 oluble#in needles. Aqueous alkalis absolute alcohol, which must be cooled at first, 
and alkalino*carbonates form yellow solutions, but afterwards may be heated gradually to boil- 
BgUipg dilute acids split it up into glucose and ing. The crystalline chloral alcoholate formed 
CaeHuOg [250®-255°], which also occurs in the is decomposed by shaking with H^SO, and the 
blossoms. This forms needks, v. si. sol. boiling liquid chloral rectified (Liebig, A. 1,189; Dumas, 
Vinter, Coloured d^k green V F#,.Cl 4 (Nietzki, A. Gh. [2] 56,125; Muller a. Paul, B. 2, 641; 
J, 1876,^61; Ar.Ph.l6] 8 , 327). ‘ Thomsen, Z. [2] 6 , 156; Roussin, Z. [2] 6 , 96; 

CHICLE ALBAN cIoH^O. [14.5-]. S. (al- Personne, 0. B. 69, 1363; Paul, Pk. [3] 1, 621; 
•ohol of 8.G. *82) *66 at 14®. Obtained by C. J. 24, 134). By-products ara ethylidene 
extracting chicle gum (Mexican rubber juice), chloride, ethylene chlc*ic(p, and ojiloro-ethylene 
from Ghrysophyllum glycyplacim, witli weak chloride (116®). The chlorination is promoted 
^cohol (Prochuzka a. Endemann, A. 0. J. 1, by tno presence of 5 p.o. FOjfJla (Page, X). P. /. 
50). motboaliquoP deposits chicle fluavil 252,343. 7. also Ciilobal hydrate). ’ 

C..aH3j0(?); S. (alcohol of B.G. *82) 2*6-at 13*5®. Thcffry of the process.—Chlorine oxidises 
The residfto of the gum, after extracting with alcohol to aldehyde, this combines with alcohol 
alcohol, contains two terpenes and ,arabin. 0 forming acetal CH 3 CH(OEt)j, which is then con- 
CHIN-. Substances beginning with Chin- verted , into tri-C*bloro-acetal C01jCH(OEt)j 
will be described under the alterr\ati;(e names which [s saponified by the HCl formed in 
which begin with Qoin-. Thns Chinidine, Chi- the previous roaotions : CCl 3 .CH(OEt), + HCl 
none, an^hinolino are described as Qujnidinb, B*CClj.CH(OH)(OEt) + EtCl (Lieben, C. P. 44, 
QoiNONBJnnd QuiNoufCB.® 134f^; B. 3, 910). Wui|j 2 {G. B. 74, 777) con- 

CinBAfXN C.mH,hO, 5 . l^xtracted*by dilute aiders that ohloro-ether is first formed, thus; 
albohol Am Che sUlks of Ophelia chirata CH,OHO + HOEt + E^|lhBH 50 + CH,.CHCl(OEt), 
(Hohn, [21 139, vfts). itesinous mass,*! and this is then converted Into tetra-chloro-ether 

decompose# by hot HCl jnto opholic acid C0l3.giCl(OEt), which is converted by alcohol 

and morphous chirjuogenin CijHjjOj. into ffi-cmoro-aoetal OCl,CH(OEt) 3 , which is 

CHIT^IDINB«?, 9 H. 4 jNgP 4 . Formed by oxi- then deedfaposed by as above. 

^tion of quinidine with KMnO,. Thin plates By snaking with standard 

^Dtainin^^q). Sol. alkalis and bet water, si. NaOH tmd determining tbe^ amount of alkali 
»1. alcohfl^. — 3.aq : white prisms.— neutralised. 

3"J^CljPtCl, 3aq : large orange - red needles Properties,~k liquid with odour resembling 
FoSt ai'^hringer, B«16, 1659). .aldehyde. It solidifies when shaken with a liktlOj 

CHlTElrtlNE 0 , 9 H^j 04 . Prepared by oxi- water, forming sc^alled chloral hydrate, but it 
latioii of quinine with KMnO,. White prisms dissolves in much water. It reduoea ammAnJ* 
Von.|I. 
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oal silver nitrate wUh formation of a mirror. It 
Is not affected by mstUiafton over quicklime or 
BaO as long as the oxide is covered by the liquid. 
It combines with NHj. When introduced into 
the blood it is split up into chloroform and for¬ 
mic acid (Liebjreioh; Personne, G, B. C9, 979; 
Byasson, O. R. 72» 742; Arloing, 0. B* 8 ^, 245, 
626^ cf. Thomaszewicz, P/. 9, 36). Tanretfsup- 
posed that its physiological action was <iue to 
the liberation of CO in the blood {J. Phi(4]\), 
355). Some of the chloral passes into t|e urine 
as vrochloralic acid CrHuGIsOt. 

Beactioiis. —1. Split up at once by NaOH 
into ohloroform and sodfum formate, thus : 

CCI 3 .CHO + NaOH » COi,H -i- NaCHO,. 
Alcoholic KOH and Na 6 Et act similarly, forming 
formic ether and chloroform (Kekul 6 , A. 119, 187 ). 

2. 2n and HCl reduce it to aldehyde (Personne, 
A. 167,113; G. B. 71, 227). jlinc-dnst and water 
reduce it, on heating, to CH^, CH 2 Cl.,,f.nd CH,Cl 1 
(Cotton, PZ. [2] 42, 622).—3. Fum^ngBN 03 oxi¬ 
dises it to tri-chloro-acetic acid. VirO, or IlgO 
gives CO and CO.^. KMnO^ gives CO^, chloroform, 
oxygen, and chlorine (Cotton, Bl. [2J 43, 420)^ 
4. Chl^ne in sunlight forms CGtt 4 , hydric chlo¬ 
ride, and COClj (Gautier, Bl [2] 45, 80; C. P. 
101, 1161).— - 6 . Bromine forins CCl 3 CO.Br, 
CCl,Br, CO, and HBr (OglialoroTB. 7, 1461).— 

6 . POI 3 forms CC1,.CC1JJ (Paterno, Q. 1, 590; 
Z. [2] 5, 245).—7. PCl^Fj forms CClsCBr.H.— 
8 . HjSO* forms chloralide crystals (g. v.). 
Fuming H^SO^ forms a crystalline compound (u. 
infra).—9. KIAq ^rms iodine and chloroform. ' 
10. ALjClj forms ^rachloral (240®) and CXI 4 
(Combes, A. Ch. [ 6 ] 12, 298).—11. PgS* loins 
CjHClj ( 88 °) (Paterno a. Oglialoro, O. 3, 638). 
12. Aniline reacts violently forming tri-chloro- 
othylidene-di-phenyl-di-amine CCl 3 .CH(NHPh )3 
[101°] (Wallach, B. 5,251).—13. Acetamide com¬ 
bines forming CCl,.CH{OH)(NHAc) (t>. CnnonAL- 
AMMom).—14. Acetonitrile formsCCl 3 CH(NHAc )2 
(Hubner, B. 6 ,109; Z. 1871, 712 ; Hepp, B. 10, 
1661): needles (from HOAc).—16. Heated with 
B^py lactic acid at 160° chloral forms tri- 
cbloro'etbylidene mono-lactate: 

CH..OH<?g-°>CH.CCl, [45°] (223") {Wal- 

laoh, A. 193,86). Thia^body may also be got 
by dissolving chloral hydrate (1 pt.) in s^itupy 
lactic acid, and adding H. 2 SO 4 (1 pt.) (M. Nencki, 
J,pr.i25, 239). In a similar way, tri-chloro- 
lactie acid heated with chloral forms chIoralid% 
(g. v.) ; tri-bramo-lactic add forms tri-chloro- 
ethyUdene tri-bromo-lactate ^ 

CBr,.CH<‘^Q°>CH.CCl, [132»-135^j Pri- 
chloro-a-oxy-valeric Acid forms 
O.H.Cl,.CH<“-°>qg.CCl. [ 88 ''], (297»);*gly- 

colbo acid forma CH^ ^-^ ^^CH.CCl, [42'’]; 

malic acid forma tn-chloro-ethylidone malate 
CO,H.CH-CH.Ov t 

I y!H.CCl, [140“] (Wajlach, A. 
CO.o/ • • 

193, 87); tariaric acid gives • 

CCl..CH<g co>*CHCH< 0 co>OH.CCl. i 

jtalicylic add forms CjH^^^q'^^CH.COIj 
{124°]; while mandeUt add produces 


0,q,,.CH<°^®>CH.C01.. [82“]. —16. When 

mixed with henzem (1 mol.) and concentrated 
sulphuric acid, di-phenyUtri'Ohloxb-eth&ne 
CC 1 ,.CH(CsH .,)2 is forme^ (Gold«chmiedt,|P. 6 , 
986). Bromo- and ohloro-benzene and t^ueife 
act siinil^fly (Zoidkr, B. 7, 1180; Fischer, B. 7, 
1191).—17. fiy %cting on beng<^ with chloral in 
the presence of almaiiniuGi cmoride a liquid is 
obtained having the foAhula G«H 3 .GCl 2 .COH,HCl 
which nidation forms ^he acid 

CjHj.qCl^.COOH (Combes, C. P.98, 678; Bl. [2] 
41, 385).—18. Zinc methide (1 moA) followed by 
water forms CCl.,.CH(OH).CH 3 . Excesasof ZnMe, 
followed by water forms (CH 3 ).,CH.CMe 2 . 0 H.*— 
19. Zinc ethide followed by water ’forms tri-chlor(^ 
ethyl alcohol CCl 3 .CH 2 .OH.— 20 . 6yS-oxylamine 
forms chloro-glyoxim CaHjClNjOjf 

Combi)iations. —1. Wi^ water v. Ghloral 
J^drate. f • 

2 . With alcohols y.^hloral hydrate. 

3. With hydric sul'phide : (C 2 C 1 ,H 0 ) 2 H 2 S. 
[128°]. Formed by passing H 2 S fhto a solution 
of chloral (Hagemann-B. 6,164; Wyss, B. 7,211; 
Paterno a. Oglialoro, G. 3, 633). Khombohedra 
(from chloroform). Insol. water, sol. alcohol 
and ether, Decomposed by heat. With PCl^ it 
gives CCI 3 .CHCI 2 .* Gives with AcCl a di-aceWl 
derivative [78°]. 

4. With.phosphuretted hydrogen'. 
{CCl 3 CHO) 2 PH,. [143°]. From chloral (3 g.) and 
PH 4 I (2g.). Small prisms {trdla efier). ^ Deoom- 
posfd by cone. NaOH into formate, hypdphos- 
pbito, and hydrogen (Girard, A. Gh. [ 6 ] 2, 43). 

6 . With mercaptan ; C 2 ClaHO,HSEt. Cry^ 
talline. 

6 . With acetyl chloride: CCl^CHC^OAc). 
(c. 187°). S.G. 1-476*(V. Meyer, B. 3, 446; 
A. 171, 67 ; cf. Curie a. Millet, G. R. 83, 746). 

7. With acetic anhydride : CCJl,CH(OAc),» 

(222°). S.G. 1*422. Ofl. e 

8 . cthylamine'. CCl 3 .CH(pH)NHEt. On 

distillation this farms CHCl, and ethyl-form- 
amide H.CO.PHEf. • 

9. With fuming sulpJkiric acid : ® 

(C 2 Cl 3 H 0 ) 3 , 803 . 2 H 2 S 0 ,. [70°]. Chloral (1 pt.J 
is mixed with fuming sulphuric aora (6 pts.). 
The product is washed with cold water and crys¬ 
tallised from ether (Grabowski, P. 6 , 226,1070)4 
A mixture of chloral w^h an equal v^]jpne of 
fuming sulphuric acid forms *large crystals of 
(CCl 3 .CH 0 )^,H 2 S 20 ,. 

10. With alkaline bisulphites : 
Cj^l.HO.KHSOa (Stadeler, A. 106,263; Rathke, 
A. 161,154). This compound is also formed when 
K^.SO, is •used, but if the solution be heated to 
80° (S(XK) 2 CH.CHP^KHSO, a(f orystelUBeB out, 

whiletlremother-liquor^ontainsCgHj^SjOsiK,. 

11. With hydrogencyAnide'. CCl 3 (i^O] 9 )CN. 
Tri-chloro-lacto-nibrile. [61°]. 4 ( 0 . 2 !#°). Pre¬ 
pared by the action ofsanhydrou^^r^Atc add at 
^20° upon chloraP (Hageman*, If. 6}l61) or by 

boiling chloral with strong^ussio acid (Bischofl 
a. Pinner, P., 6 , 113; A. f Jp, 77). Triraetrio 
plates (from OS^). Saponified by Hii forming 
gri-chloro-lj^tic acid, ^ponified by ^OH for*^ 
ing pbtaBsic formate and cyanide chloro¬ 
form. With urea it forms CCl,CH(Nn.CO.NH 2 )t 
(Pinner, P. 20, 2345). Acetyl derivative.— 
CCl 3 CH(OAc)'CN. [31°]. •(208°). from acetic 
anhydride and ^ above (Pinner a. Fuchs, 
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B. 10, 1059). BJiombohedra. Insol. water, 
sol. alcohol. Oonc. H 3 SO 4 in the cold tonne 
QfJl,.C§(OAc).'CO.NHj. 

12. Another compound with hydrogen cyan- 
ideS icci,.cn0),.cm. [123 'J. From oonc. 
'solutions of chloral and of KCN ^Cec|^, B. 9, 
1020). Prisms (froEp ether or ItenztJhe). Insol. 
water. Aloohoiic p<;f ash (or alcohol alone) 

forms di-ohloro*acetic«gtlMr. On distillation it 
splits up into chloral and chloralide (Wallach, 
B. 6 , 11 #. Alcoholic, or diltte a^cous, solu¬ 
tions of KCN convert chloral into d*-chloro- 
acetio acid for ether). 

, 13. •with cyanic acid: ( 02 C 1 ;,H 0 )^CN 0 H 

[c. loo'll. Formed by passing vapour of cyanic 
acid intofcl^pral, boiling the product with HCl 
and crystallking the residue from ether. Small 
prisms (Biscuoff, B. 6 , 86 ). 

14. With bothi^i^wtc and prussic a<4ds, 

CNH, CNM. [80°]. Prepared by 
pouring a solution of CNOK upon a mixture of 
solutions ofxhloral and KCy. Needles. Decom¬ 
posed by hot water. Converted by othylamine 
into CCl 2 (NEtH)CHO. «(45°j (Cech, B. 8,1174; 
3, 1253; 10, 880). 

15. With soditim acetate^ CClgCH{OAc) (ONa). 
Viinute white crystals, dccouiposed by water and 
►Icohol {Bebuffat, Q. 17, 400). 

16. With carbarmc ether: 
:Cl,.CH(OH).Nn.C 02 l^t. [loa^]. Flaky mass 
from ethei^lc^ol), formed by adding cone. 
HQl taasoliition of carbamic ether in chloral 
(Bischoff, B. 7, 031). Kesolved into its c#mpo- 
nents by h(ft water or by heating at 100 °. 

17. With urea: CClg.CH(OH).NH.CO.NH 2 . 
[150°]. From chloral and a cone, aqueous solu¬ 
tion of urea. Scales. Decomposed on melting 
into chloral aud^yaniirio acid. The compound 
(CCl 3 .Cn(aH).NH),,CO [190°] is also formed, and 
aiffers from the pre^jpding in being nearly insol. 
boning water (Jacobsen,M. 157, 240). 

18. Vflihiienzainedoxim : CgHyN^CljO^. [135°]. 

White powder, iq£ol. watdl^ v. sol. alcohol and 
ether. ^ Besolvcd by boiling dilute iI;,S 04 i*® 

constituents (Falck,fB. 19,1481). 

19. With ^xamidoTini: CgHuNgCljOj. [130 ]. 
While pearly plates. Formed by heating the 
components together for a long time (Jacoby, 
B. 19,1605). 

2 tei*With th$o-hen%,mide: 
:01,.CH(OH).NH.CS.C,Hg. [104°]. From chloral 
md tbio-benzamide (Spica, Q. 16,182). Bhom-* 
coidal prisms/>f alliaceous odou{, si. sol. ^ter, 
sol. alcohol and ether. ^ 

Chloral-ammonia CCl 3 .CH(OH).NHr [64°]. 

Formed by^passing NH| into a* solution of 
chloral^ chloroform (^iiiideler, i. 406, 253; 
Sohiff,C. 10, 167).«hisol. cold water, decom- 
poSid by*hot water into (iHClt apd ammonio 
fonnate*(PerSbnne, A, 157 114). Boiling alco¬ 
holic KCN converts it fttto di-ohloro-acctami^s 
(B. Sohiff^. Spdtii^ Q. 9, ^B). With benzoic 
aldehyde it gives CTl,.CH(OH).N:OHPh [130°], 
which cjwstallisei from be^zenetn white leaflets, 
.tesolvef by dilute acids into benzoic aldehyde, 
Ihloral, mjA NH, ( 8 oh«, G. 9, 486j^. , • 

Aoet^ — CGl.,CH(OH}NHAo. 

CJ^hraVacetainide, [166°1. Formed by the 
action of acetyl ohltfide or acetic anhydride on 
the above for from chloral and acetamide. Tri- 
metrio plMes (from water). Insol. ather. De¬ 


composed by heat into ohlnral and acetamidt. 
Alcoholic KCN foftis OjgHj.ClgN^O,. [120^ 
(S. a. S.). 

Di-acetyl derivative* 
CCl,.CH{OAc)(NHAc). [118°;. Formed by the 
action of ClAc at 120° on the preceding. De¬ 
composed by warm water into the preceding and 
#cctic acid, the group (OAc) being unstable in 
wsi^ce of so much chlorine. * 
I^chloracetyl derivatiife. 
CCl,.WI(OH).NH.CO.CHCl 2 . [106°]. Fromohio- 
rul and di-chloro-acetamide (S. a. S.). Ijarge 
prisms (from water). 

Benzoyl deri^dttivc. 
CCl,.CH(OIl).NHBz. ^151°]. From benzamide 
tend chloral (Jacobsen, A. 157,245) or bypassing 
HCI into a mixture of chloral-hydrate and bon- 
zonitrile (Pinner a. Klein, B. 11, 10). Tables 
(from aloofiol). .Alcoholic KCN forms a com¬ 
pound Q||UuCl,N^O [131°], which separates in 
small crysiaTs from other (S. a. S.). 

^ Chloral hydrate CjHaCljO, i.e. CCl,.CH(OH) 2 . 
Tri-chloro-acetic ortho-aldehyde. Mol. w. 1G5’5. 
467°J. (97°). S.G. ^ 1’6415 f^erkin, C. J. 51, 
808); 7 P5f5; S.G. (solid) 1*901. V.D. 
(corresponding to a mixture of water and chloral). 
S. (in CSJ 2tat 15° ; 20 at 40°. B^^ 47*94 (in 
a 3.3*2 p.e. aqueous solution) (Kanonnikoff, J.pi'. 
[2] 31, 347). M.M. (^sed) 7*151 at 54*6°; (in 
aqueous solution) 7*02 at 14°. 

Formation .—By direct union of chloral with 
water, absorption of beat taking place (Phipson, 
a 25, 257). • 

Preparation.—AXcohoX (400g.of 97 per cent.) 
poured upon crystallised ferric chloride (5g. 
of Fo.Cla 12 aq) and a large excess of chlorine is 
passed in. The product is distilled. The distil¬ 
late contains chloral and chloral hydrate but not 
chloral alcoholate. After rectification the portion 
boiling between 94°and97°i8 converted by water 
into chloral hydrate (525 g.) (Page, A. 225, 220; 
cf. Detsenyl, C. C. 1873, 767). Chloral hydrate 
may also be purified by crystallisation from CS, 
(FJiickiger, Z. 6 , 432). 

Properties.—IdonocMaic plates, v. sol. water 
and alcohol. By shaking with cit)o. H 2 SO 4 it is 
at once converted into chloral. In doses of more 
than 5 g. it produces^Icop (Licbreich, B.2,269). 
Itiis antiseptic, preventine putrefaction of pro- 
teids. The vapour of chloral hydrate i#split up 
by heat into chloral and water; the dissociation 
is complete at 100 ° at the ordinary pressure, and 
even at 61° under a pressure of 9 mm. (Wurtz, 
C. Bv89,190; c;4 Moitessier a. Engel, C- R. 86 , 
971; Troost, C.R. 84, 708; 85, 32, 400; 100, 
834;a.CA(5] 13,411; ^,155; Friedel, Bf. [2] 
43, 66 ; C. R. 100, 891; Naumann, B. 9,822). 

•The molecular m^netio rotation indicates 
that chloral hydrate efists as such in its aqueous 
solution. In arnyyiiide solution it begins to 
dissociate between oo^lftd 40°(PerkiD, 0. J. 51, 
808). Chloral hydrate diflers from chloral in 
not Exhibiting Sohiff’s test for aldehydes with 
rosaniliie.and SO, (V. Meyer a. Caro, B. 18, 
2348). • 

Deffeefton.--Chloral hyi^rate may be extracted 
by ether from its aqueous solution ie.g. urine) 
and the following tests may then be applied: 
(a) Warming with alcoholic KOH and aniline 
gives (even with -000D15g.) the disgusting ododr 
of phenyl carbamine. (b) Warming at 50° with 

b2 
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OOBO. EOHAq and^ littia phenol gives a blue 
colour (with 'OOOOSg.). (c) After boiling with pot¬ 
ash formio acid may be detected (with -OOOllg.)* 
{d) Lime-water aad H^S give a pink colour (with 
*00066g.) (LrageiidorS a. Tiesenhausen, C, C. 
1886, 636). Th*e valuation of chloral hydrate 
may be effected by decomposing it with ammonia, 
EOHAq, or, better, with H-^SO^ (Vorsmann, PJ^. 
[3] 1, 701, 065; Wood, Ph. [3J 1, 

Muller, Z. [2]^, 66 ; C. J. 24,444 ; Paul,to. [ 6 ] 

I, 621; 0. J.24, 184). ^ 

Reactiofis.—i. With KCy it forms di-chloro- 

acetic acid.—2. Heated with glycerin it forms 
chlorofoim,formic acid, &nd allyi formate (Byas- 
son, C. B. 76, 1628).—^. Iloiled with ammonic 
acetate it forms chloralimide, CCl^.C-ILNH (Pir- 
ner a. Fuchs, B, 10, 1068).—4. Warmed with 
aqueous KHS deposits sulphur, and then crystals 
of C«H,ClsOiS [97®j (Michafi, B. 5), 1267; cf, 
Nicol, C. N. 43, 43).—6. With aqueous ^7«^?^onlC 
sulphide it forms a red powder 
This dye separates from petroleum in lustroM 
green crystals (E. Davy, P. M. [4], 68, 24v; 
Leroh, 0. C. 185^7, 299).-6. Melted with KCIO, 
it reacts violently with productiof. of tri-chloro- 
accticacid and decomposition products (Seubert, 
J5.18, 3336).—7. Boiled with zi’iuydust it is de¬ 
composed with formation of chloride and oxy¬ 
chloride of zinc and liberation of hvdrogen and 
CH/(Cotton, Bl. [2J42,C22}._-8. HgOdecomposes 
chloral hydrate with foi mation of COCl.^, carbonic 
oxide, and COj.—9. KMnO< liberates chlorine, 
COj, and oxygen wiih formation of CHClj (Cotton, 
Bl. [2], 43, 420).—10. Heated with ammonic 
Bulphocyanide forms a white crystalline bo^ly 
C^HgCl^NgS, insol. water, sol. alcohol (Nencki a. 
Schaffer, J.pr. 120, 430; Brodsky, M. 8, 27).— 

II. Camphor forms an unstable compound (vol. i. 
670).—12. Acetyl chloride forms CClj.CHCl(OAc) 
(Meyer a. Bulk, B. 4,963).—13. With di-mcthyU 
anilineAnd ZnCl 2 itgivcsCCls.CH(OH).C 6 H 4 NMej 
(KnoefSer a. Boessneck, B. 20, 3193). 

Acetyl derivative CCl,.CH(OAc),. (222® 
unoor.). S.G. 1*422. From chloral and Ac^O. 
Liquid, insol. water, not attacked by cold KOHAq 
(Qeuther, A. S.06, 240). 

Ethyl ether CCl^CM(OH)(OEt). 

Chloral alcoholate. Mol. w. 193'5. [^°3- 

(Jacobsen); [46®] (Lieben, B. 3, 9u9). (115°) 
(MartiuB a. Bartholdy, B. 3, 443). S.O. */ 1*329. 
V.D. (air »1); 8*49 at 200® (theoiy: 6 * 68 ). The, 
vapour-pressure has been examined by Kamsay 
a. Young (C. J. 49, 686 ). Formed by the union 
of chloral with alcohol (Personne, C. B. 69k 1363; 
cf. Boussin, C. B. 69, 1144; Thomsen,. B. 2, 
597; Lieben, B. 8 , 9D7; Jungfleisch, Lebaigne 
a. Boucher, J. Ph. [4] 9, 208). Its vapouf is 
dissociated by heat. Sl^parated from aqueous 
solution by CaClj. Decomposed by HjSO^ witli 
liberation of chloral, gives tetra- 

ohloro-ether, CCl 3 .CHDl.Ofit (Henry, 0. J* 24, 
256,696; B. 4,101, 435). . C 

Ethyl-acetyl derivative v 
CCl,(OAc)(OEt), (198® icicor.). S.O. H 1*327. 
From chloral alcoholate and AcCl. Afco from 
tetra-chloro-etber aifd AgOAo (Busch, B. 11,447). 

MethyUethyl ether CCl,(OMe)(OKt). 
(193*4°), S.O. 1-83. From tetra-ohloro-ether 
Vnd MeOH (Magnanimi, Q. l&t 330). Liquid, 
smelling like camphor. 


Chloro~eJhyl ether ^ 

001 ,'.CH( 0 H) 00 Hj.CH 3 C 1 . ' From chloral and , 
glycolic chlorhydrin. Converted by PCI, into 
COlvCHChO.CHrCH^Cl (Henry, B. 7, 763). 

Methyl ether CCl,.CH(OH)(OMe). 
methyl-alcqholate. [50®]. (106®) (Jacobsen, Jt, 
167, ^ 43)9 (98®) (Bartholdy a. Martius, Bt 3, 
443). From i^lcrai and methyl alcohol. 

Di-me thy I etker pCl,. 0 H( 0 Me) 8 . (18S®).. 
S.G. 1*28. From CC1,!CH01.0.CH, and MeOH. 
Ijiquid, sn*llinyx>f camphorr(Magna^imi, Q. 16, 
330 ). i 

Di-ethyl ether CClj.Cn(OEtJ|. Tri-chloro- 
acetal. (197®) (B.); (200®) (W. a. V.); (206® 
cor.) (P. a. P.). S.G. 2*281 (P. a. P.). S. *5. 
Formca by passing chjorine into diluj-e (76 p.o.^ 
alcohol; or by treating chloral fflcoholate with 
chlorine at 80° (Byasson, Bl. [2] 32, 304 ; C. B. 
SL 26). Formed also ^^eating tetra-chloro- 
othyl oxide CCl,.CHCl.Qjit with alcohoWn sealed 
tubes (Wurtz a. Vogt, * B. 74, 777; Paterno a. ' 
Pisati, Q. 2, 333). Liquid, smdling like di- 
chloro-acetal. Miscible with alcoool and ether. 
By heating with watet or H^SO, it is resolved 
into chloral and alcohol. Hot alkali has no 
action. HNO, gives tri-chloro-acetio acid. A 
solid isomeride is i^Sscribed under ChlojrO-acetio 

ALDEHYDE. 

Allyl ether CCl,.CH(OH)(OC,H,). Chleyral 
allyl-alcoholate. [21°]. (116°). From chloral 
and allyl alcohol. b(eedles (Oglialoro, B, 7 , 1462). 

Acetyl derivative CCl^Clf(OAo}^OC,H,). 
(106°) (Oliveri, 0. 14,13). 

Isoamyl ether CCla.CH(On)(OC,H,A 
Chloral amyl-alcoholate. [56®]. (146®). S.w. 
(liquid) 1-234. 

Cetyl ether CC\,.CR{On){C,M„). Chloral 
cetyl-alcoholatc. Very snfall needles. 

Ethylene ether ^ 

CCl 3 .CTI( 0 H). 0 C,Il 40 .CH( 0 H).CCl,. Chloral 
glycolate. From chloral And glycol (Heni^.'B. 
7,762). ,, , 

Isomeride of .chloral hydrate. Qblor&l 
mixed with gl Aial HOAc an^'evaporated quickly 
is converted into an isomrfideof chloraf hydrate 
[80®J, although the same solution w^eu evapoj 
rated slowly deposits ordinary chloral hydrate 
[57®] (V. Meyer, B. 6 , 449; A. 171, 74). 

Meta-chloral (CsCljHO),. Formed by leav-® 
ing chloral to stand wilti H 2 SJ>«. Chloiil that 
has been freed from all traces of H^SO, by dis¬ 
tillation over BaO remains liquid for years 
(Byasson, C. B. 91, 1071). Amorphous solid, 
inSi. water. * HNO, oxidises it to tri-chloro- 
acetic acid. Alkalis form formate and chloro¬ 
form. At* 180 ® it is converted into ordinary 
chloral ^Kolbe, A.*«4, 183). Trim^ylamino 
also polymerises chlorak f 

Farachloral (CjCl^Ho),. (240 ®)a Fomned, 
together with tetra-chloro-ethylene, treating 
^bloral with AljCl, (Cc^bes, A. Ch. ffi] 13, 26fi^. 
Liquid; oxidised by HNO. t# tn-oSloro-acetic 
acid. 

‘ Para-chlojalide ’ (OjClKO).. (182®). S.G. 

1*577. An isomeride of ohloral eSid to be 
Ibrmed by ^he action tf chlorine an methyl 
alcohol (Cloez, A. Ill, 178). 

CHLOBALIBE C,^Oi,0, 

. u. coi,.oH<°’g°>cao^. 

Tri-chloro-ethylidcne tri-chlorO’lactaU 0 



OHLORHYDRIO ACID. 




(278"). V.D.ll'8at300®(calo.m). Formed, 
together with metaohlor^, by the actio) ot 
H^SO. on ohlor&J. Also by heating chloral with 
thAshlor^ laotio acid at 150° (Wallach, A. 103,1; 
B. 8^578). 9 

• Preparation.—(3ii6r9.1 hydrate (1 vol.) is 
hca^d at 00° with a mixture of ccmo. G.SO^ 
(1^ vols.] and fuming H^SO^ (1| yqf. of S.G. i-85) 
in a dasK with ii^erteU condenser uytil crystal* 
lisation begins in the flack^of the flask. The 
contents a|e shaken till cold, and t|^en poured 
into water.* The insoluble chloralide is washed 
with water ^nd recrystallised from etfier or 
chloroforfi (Otto, A. 239, 2G2 ; cf Stadeler, A. 
61.104; Grabowsky, B. 8,1483; kekul6, A. 105, 
J93). 

Pr<yerPie5!^Monoclinio prisms (from ether). 
Insol. water, sf. sol. cold alcohol. Distils without 
decomposition. Boiling KOU splits it up into 
chlorofoim and forlfiieaacid. Alcohol at 130° 
gives chloral alcoholaH and ethyl tri-chloro- 
lactate [67°]. Zn and HGl in alcoholic solution 
reduce it to aldohyde and di-chloro-acrylic acid. 
PClj forms an oil CsH^jOg. S.G. l‘743(j 
(Anschutz a. Haslam, .d.239, 300). 

CHLORANIL v. T^TBA'CHiiOBo-QUiHONi:. 
CHLOB'AlfXLlC ACID tJ!^i-ouLOBo-w-oxY- 
milNONE. 

CHLOEATES and PEECHLORATES^Saffs 

cf chloric and percMoric acidsy v. Cjilobinb, 

OXY-ACtPS OF.0 ^ • 

CHI^EHYDRIC ACID. HCl {Hydrochloric 
acid. Hydrogen chloride. Muriatic acid ^as). 
Mol. w. 36*37. [-112*5°] (solidifies at -115*7°) 
(Olszewski, Af. 5, 127). V.D. 18*2. S.H.p. 
Il3°-100°) (equal mass of water** 1) *194 
(Strecker, W. 17, 86^; (27°-214°) ‘1867 (Reg* 
nault, Acad. 26a !)• S.H.v. (equal mass of 
water»1)‘1604; (equal volume of air = l)*976 
(CU^sius, Meehan. Wdrmetheorie, 1, C2 [1870]. 

Ih* (Strecker, W. 

19, ; experimintally dcter^iined}. C.E. 

(0°-33°]^ V|»Vo {l-^t + bt'‘)y values of a for 
ECU 6*6HjO = *000446; for HCl + 60H,O- 
'000 0626? values of b for HCI + 6*5H;0=* 
•000 000 43; for HCl + SOH^O «*000 008 71; for 
,HCl + 200H.,0 = *000 0163; for HCl + 200H*O « 
•000 0^9 768 (Marignac,A. Suppl. 8, 336). S at 
760 mm^ (0°) 60^, (4°)490; (10°) 470; (20°) 440; 
(24°) 427; (36°) 396 :(44°) 377; (48°) 307; (60°) 
842. S.at0° with varying pressure (60 mm.) 374; 
(100 mm.) 400 * (200 mm.) 431; (800 mm.) ^0; 
400 mm.) 465; (600 mm.) 487; (800 mm.) W; 
(1000 mm.) 622; (1300 mm.) 546 <^OBCoe a. 
Dittmar,A. 112,928; v. als^ Deicke, P. 119,156). 
8. (alcofU, S.G. -836) 327*(Pierre, A*Ck. [3] 
81,^6); ^Vapour*prdfesuregf liquidHCl(—73°) 
1368mi%; (-fil°)8800mmf; (-30*^8056mm.; 
(P°) 19912 mm. (Faradajk T. 1845.166). H.P. 
[H, 01]» ^,080 ;JH, Cl, Aq] « 39,316 {Tk. 2,20)f 
Critical point «6PfA° (AnMkell, Fr. 30, 117). 
8.Q. liquid HCl(0°h-908, (7*5°) *873, (33°) *748, 
(47’8°) *649 (A.). *Coeffici«t of Ijompiessibility 
(Hquia ECl) for pressure from 52*8 to 208']£ 
stmos. al# 47°«*00166, at 33° 2. *00096, at 
15*86°—(JD062, at 6*7°-*000397 (A.). 

^ *Occurre^. — In the gases of volcanoes, and 
in streamsassuing in volcanic districts (Bunsen^ 
B* 88, 197;. In the gastric juice of mammals 


(Boedeker a. Troschel, B, B. 1854 486). An 
aqueous solution of ^0! h# been known for 
many centuries; the gas was first prepared 
approximately pure by Priestley in 1774. The 
acid was thought to be the oxide of an unknown 
element, muriumy until Davy proved in 1810 
that it was a compound of H and Cl. 

^<fnnatio7i.-~l. By the action of diffused 
^nlight on a mixture of equal volumes H ^nd 
cy *6 mixture is best prepared by electro¬ 
lysis cone. HClAq, using carb'on electrodes 
(Roscoe, C. J. 8, 1C). Combination occurs ex¬ 
plosively in direct sunlight, or in electric, or 
magnesium, liglit, or in the lighf produced by 
burning NO in CS., mpour. Combination may 
also be caused by heating to 160°, or by bring¬ 
ing the gases into contact with Pt black, or by 
absorbing them in charcoal. The gases do not 
combine in ^h0 dark at ordinary temperature. 
For details regarding the rate of combination by 
exposure ft> liglitv.CiiKuicAL ohamo£,vo 1. i. p.749. 
2. By the action of Cl on H^O in sunlight; or 
(A on H^S, HI, turpentine, and many other 
organic compounds.—3. By the action of 
jn^SOjAq or other acid on ^fAriou8 metallic 
chlorides.—4. Tlly the action of superheated 
steam on MgC^, or on CaCl.^ mixed with sand. 

Freparatio%.—-l. By adding to 100 parts 
pure NaCl, in a flask with an exit tube and 
safety funnel, about liO parts pure HjSOtAq, 
prepared by diluting the cono. acid with | to its 
weight of HjO apd cooling, and gently warming. 
The gas is passed through a little cone. HClAq, 
and then dried by CaCl^; ft is collected over 
Hg, or by downward displacement of air. If 
thematcrials react in the proportionsNaChHjSO^ 
NaHSO, and HCl are formed at ordinary tem¬ 
peratures ; then adding NaCl and strongly heat¬ 
ing, NaHSO, and NaCl give Na^SO, and HCl, 
If HClAq is to be prepared, the gas is led into 
cold water, the exit tube passing only a little 
way under the surface: the HClAq may be 
purified by rcdistillation in contact with a Uttle 
Cu (to remove Cl), after standing with pure 
SnClj (to remove As), {v. Bettendorff, Z. [2] 
6 , 492 ; Zettiiow, D. Ik J. 205, 247; Hager, Fr. 
1872. 306; Oster, Fr. 1872. 46^; Houzeau, 

A. Ch. [4] 7, 484; Rei^isch, J. pr, 24,244; Otto, 

B. 19, 1903).-2. By drbpping cone. HjS 04 Aq, 
thrllugh a tube with glass stop-cock, into a flask 
about one-third filled with commercial HClAq; 
the liquid gets warm and all the HCl except 
'about *32 p.c. is evolved (P. Hoffmann, B. 1,272). 
Liquid HCl may be prepared on a small scale 
by placing a few iffeces of NH,G1 in the closed 
end of^ W shaped tube, running a little cono. 
H.^SO, by means of a bent funnel tube into the 
second bend of the tube, closing and thickening 
the*open end, and, afkr cooling, allowing the 
acid to flow on to theTNH,Gl, and cooling the 
other limb of the After a little the limb 
containing the reacting bSdies is gently warmed 
wheniiquid HCl collects in the cooled limb (Davy 
a. Faraday, T. 1823.1C4). 

Prop^ftes.—HCl ia a colourless gas with 
most ^tating, acrid (mour; it fumes in moist 
air. The dry gas does not ledden litmus paper. 
At 10° under pressure of 40 atmospheres HCl 
condenses to a colourless liquid (Faraday, T. 
1845, 166). HCl is largely absorbed by wateir 
with production of much heat; [ECl,Aq]«* 
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17,814 {Th. 9, 19). The solution is strongly acid ; 
the affinity is takin by ^stwald as 100 (v. 
Affintti, vol. i. p. 75). When heated, cone. 
HCUq gives off HCl and HjO; the tempera¬ 
ture rises to 110^ at mean barometric pressure 
when a liquid S,G. 1*1 and containing 79’8 p.o. 
HjO and 20*2 p.e. HCl distils over unchanged. 
This composition corresponds with the fortiiula 
HGl.fiHjO; but it is not probable that the liquid 
is a definite hydrate; theB. P. and comp^Ki^ 
of the liquid vary with the pressure. The Allow¬ 
ing numbers give the B. P. of HClAq, and the 
composition of the liquid remaining in the retort, 
at various pressures (Roscoe a. Dittmar, A. 112, 
828; V. also Bineau, A, (/h.r[3] 7, 257) 

Pressnre ia mco. B.P. * P.O. HCl iu ro'-iilual 
100 62<* 22-8 
200 76 22-1 

300 84 • , * 24-7 

490 97 • 20-9 

760 110 «0-3 

1620 — 181 

2280 — 18*1 * 

If dry air isFpassed into cono. HClAq the 
liquid loses HCl; the residual liqdid has a con¬ 
stant composition for a specified temperature. 
The following numbers give tho composition 
of the HClAq remaining at after passage of 
dry air until HCl ceases /o come off {lloscoe a. 
Dittmar, A. 112, 328):— 


«« 

P.c. HCl. 


P.c. HOI. 


P.o. nci. 

0° 

260 

35° 

23*9 

70° 

22-0 

6 

24-9 • 

40 • 

23*8 

75 

22-3 

10 

24*7 

45 

23*6 

80 

22*0 

16 

24-6 

60 

23*4 

85 

21*7 ' 

20 

24*4 

55 

23*2 

90 

21*4 

26 

24*3 

60 

230 

95 

211 

SO 

24*1 

65 

22-8 

100 

20-7 


The following table (Boscoe a. Dittmar) shows 
that the liquid obtained by passing air into 
HClAq at a specified temperature has, in many 
cases, the same composition as the liquid which 
boils at that temperature under a certain pres¬ 
sure :— 


Pret. in 
KM. 

«• 

B.P. 

p.o. HOL 

Temp, with 
Bir-strcani. 

P.C. HCL 

100 

61°-62 

22l8'’ 

02^ 

22*9 

910 

76 -77 

22-1 

77 

22-d 

300 c 

84 -85 

%l-7 

86 

21*7 

880 

91 

21-3 

91 

21*4 

490 

97 

20-9 

98 

21*1 


The S.G. and composition of HClAq are given 
in the following table (Ure)/ Temp, 15®, 


Aoid of Sp. 
Or. 1-S. 
t p.ot. 



Chlorine p.c. 

t 

Hd P.O.J 

37 

36 

35 

.*•0676 

40-777 

33 

89-278 

40*369 

• 32 

38-882 

S9'9%1 

81 

88-485 

89-664 

80 

.38-089 

‘39-146 

29 

87-692 

88-338 

a 28 

37-296 

38-330 

27 

86-900 

37*923 

26 

30-603 

87-516 

25 

86-107 

87-108 

' 24 

86-70f 

86-700 

23 


1-1802 
1-1782 
, 1-J.762 

4fl741 
. 1-1721. 

1-1701 
, 1-1681 
1-1661 
1-1641 
1-1620 
1-1699 
1-1678 
1-1657 
1-1536 
1-1516 
1-1494 
1-1473 
1-1452 
1-1431 
1-1410 
1-1389 
1-13G9 
1-1349* 
1-1328 
1-1.308 
1-1-287 
1-1207 
1-1247' 
1-1226 
1-1206 
1-1186 
1-1164 
1-1143 
1-1123 
1-1102 
1-1082 
1-lOCl 
1-1041 
1 - 1020 # 
KOOO 
1-0980 
1-0960 
1-0939 
1-0919 
1-0899 
1-0879 
1-08.59 
1-08.38 
1-0818 
P0798 
1-0778 
1-0758 
1-0783 . 
1-0718 
1-0697, 

. 1-0677^ 
1-0657 
1-0637 

i-oew 


36-310 • 
34-^13 
34-617 
84-12L 
*3-724 
• 33-328 
32-Q31 
32-633 
32-136 
31-746 
31-343 
30-946 
80-560 * 
30-163 ' 
29-767 
^ 2^861 
*28-964 
28-567 
28-171 ' 
27-772 
27-876 
26-979 
26-583 
26-186 
26-789 
2/!-392 
24-996 
24-69« ' 
24-202 
23-805 
23-408 
23-012 
22-616 
22-218 
21-82C 
21-425 
21-028 
20-032 
26-285 ’ 
19-8%7 
lft-440 
19-04-4 

16- 647 
18-260 

17- 864 
J7-457 
17-06(f 
16-004 
16-207 
15-870 • 

15- 474 

16- 077 

14- 680 • 
^4-284 

15- 887 


36-296 

85- 881 

86- 476 
36-068 
34-660 
84-262 
p-846 
33-437 

» 33-029 
39-621 
32-218 
31-806 
Sl-898 
30-990 
80-682 
30d74 
29-767 
29-359 
I 28-961 
28-644 
28-136 
27-728 
27-321 
26-913 
20-505 

20- 098 
25-090 

> 26-282 
24-B74 
, 24-400 
24-058 
23-050 
23-242 
22-834 
22-426 
*22019 

21 - 011 ' 
21-203 
20-796 
20-3OT 
19-980 
19-572 

re-166 

18-787 

18-8o9 

17-941 

17-634 

17-126 

16-718 

16-310 

16-902 

16-494 

16-087 

llte79 

M%71, 
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Aeid of Sp. 
Or. 1*2. 
p. ot. 

SpeotQo 

Giiivlty 

-i~ 

Chlorine p.c. 

HOI p.0. 

^2 

,l-0437 

8*729 

9-971 

21 

1*0417 

8*382 

8*563 

. 20 

1*0397 

7-93j 

«. #165 

19 

t0377- 

7-5^ 

7*747 

18 

r0357* 

.7-141 , 

7*840 

17 

1-0337 • 

' 6*74.5 

7*982 

IB , 

1-0318 

6*<y8 

, 6*524 

15 

1*0298 

5*^1 

G-116 

14 

► 1*0279 

6*654 

6*700 

13. 

1*0259 

5*158 

6*301 

13 

1*0289 

4*70*2 

5*893 

11 

1*0220 

4*865 

4-486 

10 * 

• 1-0200 

3*968 

4*078 

9 

• 1-0180 

8*571 

4-670 

8 

1*01^ 

3*174 

3*262 

T* 

1-OlTO V 

2*778 

3*85# 

6 

1-0120 » 

2*381 

3*447 

5 

1 1*0100 

1*984 

2*039 

4 

> 1-0080 

1*688 

2*631 

8 

1*0060 

, 1191 

1-224 

2 

1*0040 

0*795 

1-816 

1 

1*0020 

0-397 

1*408 


, Kolb {D. P. P. 204, 322) gives tUe following 
lablo; — 


8.0. • 

p.^n(?l 

• 

100 acid at 18® contain 

HCl 

AckI of 
•JO® 

Beiuiin^ 

Aold ol 
21 ® 13. 

Acid of 
fi® B. 

1-000 

0*0 

0-1 

0-3 

0*3 

0*3 

1*007 

1*4 

1*5 

4-7 

4-4 

4*2 

1*014 

2 - 7 , 

2-9 

9-0 

8*6 

8*1 

1-022 

. 4 - 2 * 

4*5 

14*1 

13*3 

12*6 

1*029 

6*5 

,5-8 

181 

17-1 

16*2 

1-036 

6-9 

7-3 

22*8 

21-5 

20*4 

1-044 

S-i 

.8-9 

27*8 

26-2 

24*9 

1052 

9*9 , 

10*4 

82-6 

80-7 

29*1 

l-OM 

11-4 

12*0 

87-# 

35-4 

33-6 

1*067 

12*7.^ 

f3*4 

41-9 

39*6 

37*5 

1076 

14*2 

15*0 

46-9 

44*2 

42*0 

1*083 

16-7 

16*6 

61-6 

48*7 

46-2 

1*091 

17-2 

18-1 

66-7 

63*4 

60-7 

1-100 

18*9 

19-9 

62*3 

68-7 

55-7 

1*166 

20-4 

2»6 

67-3 

63*4 

60-2 

1-116 

21-9 

23-1 

72-3 

68-1 

64-7 

1*125 

23-6 

24*8 

77-6 

73*2 

69-4, 

1-134 

25-^ 

20*6 

83*3 

78*5 

74*6 

1-143 

27-0 

28*4 

88-!f 

83*8 

#79-6 

1-162 

28*7 

30*2 

94*5 

89-0 

84-6 

1-167 

29-J 

31-2 

.97-7' 

^ 2-0 

87*4 


30*4 

32-0 • 

.100*0 

Oil 

89-6 

1-10# 

81-4 

33.0 

103-3 

97*3 

92-4 

#171 < 

32*3 

33*9 

•106-1 

100-0 

94*9 

1-17!# 

3#0 

34-7 

108-6 

l02-4 

97-2 

1-180 , 

34'1 

86-# 

111-7 

105-3 

100£ 

1-185 1 

35-1* 

80-8 

116*2 

108-6 

‘ 103*0 

1-190 

86-1 

•#7-9 

n8*6 

111-8 

106-1 

1-195 

37-1* 

89-0 . 

122^ 

116-0 

109*2 

1-19# 

38-0 

89-8 

124*6 

117-4 

111-4 

1-205. 

,39-1 

4^2 

.180-0 

.121-6 

11.4 

1-210 , 

40-2 

42-4 

132-7 

1260 

119-0 

1-212 

41-7 

42-9 

134*3 

126-6 

120-1 


the S.G. of HCIAq can be found at a tempo* 
rature other than Ifl-so vdKoh tcmperatnro ia • 
taken as normal. (Sic table on neit page.) 

Thns, an acid containing 25'5 p.o. HCl has 
S.G. = I'lOl at the normal temp. (lO'S"), at 40“ 

the S.G. will - l-092f at 100“ the S.G. 


1-101 


fill be j7(jjg(jy “ 1-Ob. Thomsen, using the oum- 
hrfs’in Ure’s table, gives the f^G. of HCIAq 

100 noo- 


CQ_/100-10765p\2, 

100-jj Vl00-^-726j» 7 
where p « p.o. of HCl (P. Jnhclband, 144). 

lieactions.~l. DficOtoposed by keaty at about 
1500°, into H and Cl, which combine again on 
tooling. If a silver tube kept cold by running 
water is placed inside a porcelain tube in a 
wind furnace,# and HCl is passed through the 
latter tube, the fredCl combines with the Ag, and H 
remains J) 0 ville, C, R. 60,317).—2. Moist, but not 
dry, HCl is^d^composed by oxygen in presence of 
^nlight (Itichardson, C.J. 61,801).—3. Electric 
sparks very slightly decompose HCL—4. Many 
nsetals decompose HCl when hMtcd in it, giving 
chlorides an AH; metallic oxi^s form HjO and 
Cl; many metallic peroxides also set free CL— 
6. HCl is noL combustible.- 6. Mixed with air 
and passed through a hot porcelain tube, or 
Over hot pumice, HjO^nd Cl are formed [comp. 
Chlorine ; Formation, No. 3).- 7. By the action 
of platinum black on a mixture of 1 vol. HCl 
with \ vol. 0 water is formed (Henry, T. 1800. 
188).— 8. HCl is completely decomposed by 
sodium^ amalgam at the ordinary temperature. 
(tChis is applied as a lecture experiment for 
demonstrating the composition of HCl, by 
Hofmann; v. Einleitung in die modeme Chemie 
(5th ed.), 73).“-9. An aqueous solution of HCl 
exposed to air and sunlight evolves a little 
CL—10. Cone. HCIAq evolves only H and Cl on 
electrolysis ; diluted with 9 vols. or more H^O, 
0 is also evolved. Riche (C. B. 46, 348) says 
that by electrolysis of HCIAq, HClOjAq is 
formed.—11. Cone. HCIAq heated to 200'° with 
amorphous phosphorus produces PH, and 
Hjl’OqAq.-12. An aqueous solution of HCl is 
decomposed by many metals with formation of 
chlorides and evolutmn«of’H. Let this decom- 
poeition be expressed by the equation R + 2HClAq 
“RCLAq + Hj; then conlidered theri^lly this 
is composed of the parts (1) —[H^, CP, Aq], 
(2) + [R, CP, Aq]. The value of (1) is about 
70,000, but is less the less tbe quantity of 
water used; for wry cone, solutions it is equal to 
about 60,000: if then the value of [R, CP, Aq] 
is grd¥lter than 79,000 we should expect the metal 
R to decompose dilute E(ulAq; if [B, CP, Aq] is 
greater than 69,000 we should expect R to 
decompose cone. HCIAq. [B, CI^ Aq] is greater 
than 79,000 when B=Kj, or other alkali metal, 
Agj, Ca, Ba, Sr, MgrTOfiBn, Mn, Fe, Co, Ni, Sn. 
[R, CP, Aq] is less than 79,000 when R=T1^ 
Pb,^u, Hg, Pd, Pt, or ^ Au,; these metals do 
not de«)n;^}ose dilute HCIAq. Now [Pb, GP, Aq] 
“76,970, which is 69,000; Pb decomposes 
cone. HCIAq. The following quantities of heat 
are produced, per 2 gram% of H formed, by the 
action of certain metals on HCIAq; these 
numbers afford approximate values of the 
relative intensildes of the actions; Mg > 106,800; 
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Temp, of 

8||1.1*0401 

8*0 p.<5. HCf 

8.O. l*0TO4 

I6'6 p.0. HCl 

S.G. 1*101 
m p.c. HO 

S.Q. 1*133_, 

35-6 p.c. nci 

s.a 1*1608 

46‘G p,C. HO 






• 4,. 

0 

• 0-99557 

0-99379 

0-99221 . 

0-99079 • 

0-98982 • 

19-6 

1-00000 

1-ooooq 

i-ooOoo • 

t 1-00000 

1-00000 • 

•40 

1-00707 

1-00781 * , 

1*00877 

' . 1-00990 

. 1-01063 

60 

1*01588 

1-0166*. ^ 

1-01794 • 

lii919f^ 

1-02108 

80 

1*02639 

1-02G76 

1*02791 

1-02986 


100 

1*03856 

1-038»1 

1-03807 « 

» 1-01009 • 

• 

t 
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Al- 79.920; Mn-49,3’J0; Zn = 34,210; Fe 

-21,320; Co*16,190; Ni *15,070; Sn = 2,510. 
(Data from Thomson).—-^3. When dilutcHClAq 
added to a dilute solution of a chloride of an 
alkali, alkaline earth, or magnesian, metal, little 
or no thermal change occijra; but when a 
solution of chloride of Au, Pt,'Pd, or Sn is 
used a considerable quantity of heat is produced: 
thus, [Au*Cl«Aq, 2HClAq]=*9,06(f. Several 
acids containing H, Cl, and An, Pt, Hg, or P(f, 
have been prepared as solids; e.g. H 2 PtClj. 6 H^(J, 
HAuCl 4 . 4 H.p &c- There can be little doubt that 
solutions of AuCl„ Ac. in HClAq contain definite 
acids; the heats of formation of these acids have 
been calculated from experimental data by 
Thomsen (Th, 3, 536: v. also the various 
metals): 


C. jR. 80, 705).—B. HClAq forms acid^with tlje 
chlorides of Au, Pt, Pd, and Sn (u. Reactiom, 

I No. 13). According to Ditto {A. (^i. 22, 551^ 

I some metallic chlorides, e.g. luGl,, dissolve 
in HClAq to form definite compounds, e.g. 

I H‘'C1..HC1.7II,0; SbCla.SgCl, Ac.—4. With 
ioater to form HC1.2H_,^ prepared, as Very un¬ 
stable crystals decomp^ing quickly in air, by 
passing HCl into HClAq at —22°; crystals 
separate, and the temperature suddenly rises 
to -18° (Pierre a. Puqjiot, C. R. 82, 45, v. also 
Berthelot, A. Ch. [5]*14, 368). 

Thomsen has measured the heat of dilution of 
HCl.wH^O with 7 all, 0 . Assuming that when 7 t = 1 
the HP is ifi combination with HCl forming tlu 
hydrate HOl.Hp, then the heat of dilution oi 
HCl.Hp is a continuous hyperbolic function of 


11 [R, Cl% 2HClAq] 

Sn 81,000 

Hg . 61^780 

Pd 47,920 

Pt 41,830 


R [R, CP, 2HClAq] 
Sn 156.920 

Pd 72.949 (?) 

Pt 84,620 


G [R, 4Jl»,^ClAq] 
Aa 31,800 • 


The heats of neutralisation of these acids are the 
same as that of HaCljAq, viz. 2 x 13,740 (t>. also 
Gold, Mebodrv,Palladium, Platinum, Tin).—14. 
HClAq dissolves many metallic oxides; most 
peroxvies evolve C\; carbonates of the alkali and 
alkaline earth metals, and of the heavy metals 
except Ag, dissolve with evolution of COj; most 
metallic sulphide* are decomposed and HjS pro¬ 
duced.—15. Heated with bromic or iodic acid, 
Kfi and BrCl or ICl are formed.— 16. With 
chloric or hypoehlorous acid, and the salts of 
these acids, Cl is evolved (v. further chloiuc 

ACID AND CHLOBATSS, and HTPOCHLOBOU8 ACID pND 

HTPocH^OBiTEs, und^ Chlobine, oxt-acids of, 
p. 16).—17. When cone. HClAq is mixed with 
cone, agueous nitric acid a yellow liquid is 
formed which dissolves Au, Pt, Ac. metals 
which are insoluble in either HClAq or HNOjAq. 
This liquid is known as aqua regia; its sblvent 
action is due to the presence of Cl and KOCl; 
HNO,Aq-i-8HClAq»2fi,OAq + NOCl + Cl.,. By 
the action of aqua regia on metals chlorides 
are formed? e.g. 2 EK^OjAq 4 6 HClAq + 3Cu 
« 3CuCl*Aq + 2NO + 4 H 20 ^ 

According to Gore 29,541) liquid HCl 

does not act on metals,except Al which dissolves 
with evolution of H; it has also no acti^ on 
many oxides, etdphides, and oarbongtee, which 
are decomposed by HCIA^ 

ComHnationa, — 1. HCl and NH, esmbine 
when mixed to form HHpl; [NH^,HCl] —41,900 

i Tk. 2.76).—2. HCl and PH, combine to form 
*H,C1, at 14° under pressure of 20 atmospheres,or 
at ~ 80 to - 35° at me ordinary gressure (Ogier, 


the quantity of Iip added: the equation, heat of 
dilution of HCl.?iH 20 with 

\« n+m/ 

11,980, gives values whicTi agree very cloSely 
with the observed results, siartmg^vith n = 2-62. 
and varying m fropl 49 to ^0 ; the coastanl 
11,980 is founrf’ from the experimental jresults. 
The above formula gives ttfe hc-at of dilution of 
HCl with 300 HP as 11,940, and thwobserved 
value was 17,316; the difference, 6376, re¬ 
presents the quantity of heat produced by the 
union of HCl with Hp to form the hydrate 
HCl.Hp. Thomsen’s remits d(wiot indicate the 
formation of any hydrate except HCl.Hp; it is 
tfairly probable that the reactions of HClAq with 
hydroxides, metals, Ac., are the reactions of the 
comfbund IldlHp (7-Hpl.On), and not of 
HCl {Th. 3, 11-13; and 68-72) (v. further 
Chloeidks)! * * , M. M. P. M. 

CHLORIC ACID CnLORiNB, oxt-mkds or. 

CHLORIDES. Binary qpmpounds offCl with 
more positive elem^its; i.e. with an^ ^erftent 
except F or*0. Cl forms compdbnds Vith all 
ejements except F; ilfcombineS §irqptly with 
Ml except F, 0, N, and G: x^uch heaths usually 
produced during the comflihation, thus [K’iCl’Q 
-211,220; [Ca,CP}» W9.820', |Zn,Cl*]-97.210; 
[Fe»,Cl«] = 192,080 ; fCa.Cl'O- 61.630; TAn.Cl*] 
-422,820; ^H,C1] 22,COO; [IPU^^ 6,830^ 
[S*,Cl*] -14,260; [P,Ci*]« 76,300, Ac. (^omsen); 
Many metallic chlorides are produced by ^e 
action of Cl on the oxides e.g. ZnCI,, Pb(^, 
MgCl^ BaCl,; lower oxides of metlU whiem 
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farm two oxides—«.g'. PeO, Sb,j^j—are usually 
partly chlorinated apd partly oxidised by Cl, the 
higher oxide being usually eventually changed 
to chloride; all metallic oxides are converted 
into^hlorides when mixed with charcoal and 
hefltn in a stftam of Cl, thus Or^O, + 8C + 601 
«8CO-f Cr2Cle. Metallic ohloridei a|e also 
foi^ned by the action pf Cl on Siany* bromides, 
iodidesi fluoridbs, ajid sulplKdls: they are 
usually obtained by thp ftction of HClAq on 
metals, metallic oxides, hydroxides, or carbon¬ 
ates : in ^me cases aqua regiS{v. CKlobhidrio 
acid; Eeact^ns, No. 17) is employed,•e.gr. to 
form PtCl<. *Non-metal8, except C, N, 0, and F, 
combine‘directly with Cl. Nitrogen chloride, 
NCI3, is extremely explosive, it is formed by 
qhe action o4 Cl on various ammonium salts 
in solution; ^C\^, CjCl^, C3OI3, and CjCl®, arc 
formed indirectly from various carbon com¬ 
pounds: CljO is formed by the action of Cl «on 
HgOjClOj by the actionpf HoSO^Aq on KCIO,; 
no compound of Cl with P is known. Most 
non-metallic^hiorides are gaseous ; they are 
decomposed by H2O forming acids and HCl, e.g. 

PCI, + 8H..0 + Aq « H|PO,Aq + SHClAq; 

SiOl, + SHP + Aq - H^SiO, + 4HClAq. 

Most of the metallio chlorides are gasifiable 
without decomposition; som# yield lower chlor- 
Mes on heating, e.g. CuCl, gives CUjCl.^ and Cl; 
a few are completely decomposed into Cl and 
metals, e.g. PdCl^. * A few chlorides are in¬ 
soluble or netf ly^insoluble «n water—the chief 
are Ag®, HgCl, Cu.Cl.;, PtCl^, AuCl—the others 
are soluble in water. Many metallio chl(*ide8 
are decompoled by water, forming oxychlorides 
and HClAq, e.g. BiCl.„ SbCi,; on evaporating 
AICl,Aq, ZnCl_>Aq, MgCl^Aq, and a few other 
solutions of chlorides, decomposition into oxide 
and HCl or into oxychloride, occurs. Heated in 
superheatedisteam chlorides of alkali metals, Ba 
Hg, are undec(gnposed; tlie others form 
oxiaes and HCl (Kunheim, J. 1861.149). Most 
yietallic chloiidcs ave unchanged when heated 
in di'j^air; some, however*^orpj oxychlorides, 
e.g. PopI„ CuCL, KCl,; ve^ many are de¬ 
composed by heating m moist air. The chlorides 
«of the allmli, alkaline earth, and earth, metals 
are not reduced by heating in H; the other 
metallio chlorides are reduced ; some chlorides 
‘not reduced by H, e.g. ^CI,, MgCl,, are dechlor- 
inated *by. heating witn K or Na. Very many 
cMorides are reduced to metal by CO. Some 


densed to a red liquid; by ihe action of NH,Aq 
on this liquid (NH^CrO«ii^ is formed (this 
reaction may be ap^ed to detect chlorides in 
presence of bromides). 

Some metallio chlorides, especially those of 
Hg, Au, Pt, Pd, and Sn, combine with HCl to form 
acids (0. Chloruidrio acid ; Reactions, No. 13); 
maqy-form double salts with other metallio chlor¬ 
ides, nspecially the chlorides of the less posi- 
ti^.^ith those of the very positive, metals; e.g. 
SnCl2.2KCl.H2O, HgCl2.2KCl.H2O, l*tC1^.2NH,Cl, 
<feo. Many chlorides of the more negative metals, 
e.g. SbCl„ BiCl„ SnCl,, &o., combine with ofides 
of the same metals to form oxychlorides: some 
metallio chlorides, *0.^. HgC^, combine with 
sulphides of the same jnetals to form sulpho- 
ohlorides. Compounds are also known of 
chlorides of some of the more negative metals 
with non-njetallic ohlorides, e.g. SnCl^-PCl,, 
SnCl4.2SCl^, &c.. •Many met^lic chlorides, e.g. 
CaClj, Ap„,AgCl, C0CI2, CrClj, HgClj, PtCl,, 
combine wi^h NH, to form stable oompounds 
(tf. Ammonium compounds ; and, in more detail, 
tne various metals, especially Chromium, Cobalt, 
Qdpper, Mercury, Platinum).# 

Thomson hdl considered the isomorphism of the 
hydrated metallic chlorides (0. Th.2, 430). Many 
chlorides produced by the action of HClAq on 
metals or metallio oxides contain water of crystal¬ 
lisation ; they may be divided into the four groups: 
(1) BCI3.2H2O; (2) RCI2.4H2O; (3) RCI2.6H2O; 
(4) BCI.2.8H2O; when BBan atom of a divalent, 
or two atoms of a monovalent, metal. The 
members of group (1), whtre R^Ba, Cu, or 
MnHg, crystallising in the trimetrio system, are 
istmorphous witli many anhydrous sulphates, 
formates, perchlorates, periodates, and perman¬ 
ganates, e.g. BaSO^, PbSO«, Ba(CH02)2» KCIO^, 
KIO<, K^Mn.,Og, (fee. The members of group (2), 
where B^Na.^, Mn, Di, Pe, crystallising in the 
monoclinio system, are isomorphous with sul¬ 
phates and formates containing 2H.O, e.g. with 
CaS0,.2H20, Zn(CH02)j2H20. Group (8) com- 
prises (a) monoclinio ohlorides where B» Mg, 
Ni, Co, or Mn, these are most probably iso- 
morphouB with Cu(CH02)2.4H20, MnSO^.dHjO, 
and Ba(S03)2.4H20; and (b) heAgonal chlor¬ 
ides where B = Ca 0^ Sr, and also the class 
B“B*’'Cl8.6H20 which mchides salts derived from 
HjPtCIj and H^SnClg, th^e are isomorphous 
with many sulphites and double nitratls with 
4H2O, e.g. Sr{S0,),.4H2O, CejMgj(N0,)2.4^0, 
chloridesofheavymetals.e.g'.AgCl, are partially |iLaNi{N0,)2.4H20, Ac. Group (4) contains 

only one chloride, CoC^BHjO; it is isomor- 
phous.with the chlorates of Co, Cu, and Ni, and 


decomposed by-digestion with aqu^ious solurions 
of bromides of alkali, alkaline earth, or Aag- 
nesian, metals (v. Potilitzin, B. 18,1622; also 
Thorpe a. Bodg(«, C. J. Proc. f887-88,20). Many 
metalIi(^lorido6 are partly decompoled when 
heated with an cquivilent quantity of Br to 
270^30(P*(t;. Potilitzin, B.tl4, 104^; 16,918; 
16, 3061.* Fo^action of Br on AgCI in presence 
o'f HjO, viHnmnidge, S. 17, 1838). Metalli# 
chlorides Ire deionised, wi4h evolution of Cl, 
by heating with BjQ^iO.^, or PoOj, in presence 
of steaim Aqueous aciditdoco'iipose metallio 
-chlorides, forming HCl, or in tho cases of easib 
reSucible ‘ tcids— e.g. HNO^-evoli^ng 01; * 
is also evolved when cono. H2SO4 is used in 
pr^ence of peroxide of Pb, Mn, Cr, (fee. Heated 
with KjCr^ and cono. HjSO^, metallio chlor-, 
ides form TrOjCIj, which may bo easily oon- 


with t&e hypophosphites of Co, Pe, Mg, Ni, and 
Zn, containing 6H,0. £a^ group of ohlorides 
is isomorphous with other salts containing 
2H.JO less than the chlorides. Thomsen con¬ 
cludes that the 2H2O Jay be best regarded as 
forming part of th^jp^aoM radicle; be would 
represent the four grbtips of chlorides as 

4 1) B H^CIO),; (2) R(H2C10)2.2H20; 
i2ClO)j.4H20; (4) R(H2C10),.6H20: all 
being dlriveu from the aoid H3CIOH, which 
possiblv exists in an Iqueous solution of HCl 
(v. CelIIrbydrio aoid; Coffibinations, No. 4). 
Armstrong {B, A. 1886 Meeting; Fresidentiu 
address to Section A.) suggests that the name 
ohlorhydrio aoid should be given to the aoid 
present in an aeneous solution of ECl, and that 
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HCl itself sliould always be called hydro^'on 
chloride. % . M. M. P. M. 

CHLORIDE OF LIKE—Dleaching poicder.v. 
STPOCHLOIUTES Under CutOlUNC, OXr-AClDS OF 

(p. 17). 

CHLORIDES^ OROANIC v, Chlobo- com¬ 
pounds. 

CHLORIKE. Cl. {Dephlogiaticated muriatic 
acid gas.) At. w. 86*37. Mol. w. 70*74. (|-33*r 
at 700 mm.l (Regnault). SoUdiOes at*ab<^ut 

— 102® (Ols^wski, M. 5, 127). S.G.Jliqnicl) 
1'33 (Faraday, T. 1823, IGO a. 108). 'VTD. 36*8 
(v. Properties,^. 11). S.H.p. (13®-202®) (equal 
mass of H>0 = 1) *1241 (Begnault, Acad. 26,1). 

S. H.v. (equal mass of*H|0^1) *0928; (equal 
volume of air»l) 1^36 (Clausius, Mechun. 

WarmeOieorie'llSK] 1, 62). (20° - 34*) 

1*823 (Strecker, W. 13, ^; *e^erimcntally 
determined). Vol. absorbed hy 1 vol. H..0 at 
760 mm. = 3*0361 - *046196i + •0001107t*(Sch6n- 

field, A. 96,1). ^ (Gladstonf!, 

T. 1870. 9). Evission-spectrum; principal lines 
are a group of 4 about 6670, foliot^ed by 9 others 
and then by one with wave-length 4130 (Salet, 

A. Ch. [4] 28,24). Absorption-sprctrum marked 

by many irregularly distributed lines; the violet 
is nearly wholly absolved (Morren, C. R. 68 , ! 
376; Gernez, C. R. 74, 660). | 

Chlorine was discovered by Scheele in 1774 
and supposed by him to be hychroohloric acid de- , 
prived of phlogisMIn. Bertholtet regarded it as | 
oxygenated hydrochloric acid; chlorine and hydro¬ 
chloric acid were long supposed to be oxyjfon ■ 
compounds of an unknown element. In 1809 
Gay-Lussac and Th^nard, showed that chlorine 
behaves like an element; in 1810 Davy estab¬ 
lished the elementary character of the body ami 
gave it the name chlorine (x^wp«5s = yellow*- 
green) (Scheele, Oi?MSC. 1,247 ; Berthollet, AcatZ. 
1785. 286; Davy, T. 1810; Gay-Lussac a. 
Th4nard. G. A. 35, 8 ; A. Gk. 91, 96). 

Occurrence. —Never free; but in combination 
with very many metals in various rocks; in 
sea-water asl^aCl; chlorides occur in plant-ash 
and in many parts of ahijpals. 

Formation. — 1. By* the action of cone. 
HClAq on MnO, (M|j|Oj + 4HClAq • 

■> MnO^Aq + 2 H 2 O + Cl,); or better by using 
1 part MnO„ 2 parts HClAq (S.G. M4), 
and 1 part cone. H^SOf diluted with its own( 
weight of water (MnO^ + 2HClAq + H^SO* 

— MnSOfAq + 2H,0 + Cl,). —*2. By the action 
of cono. H 2 SO 4 on a mixture of NaCI and 
NaNO,; the NO, produced is absorbed by 
cone. H,S 04 (2NaCl + 2NaNO, + 2 H 2 SO, 
= 2 Na,S 04 + 2NO, + 2HjO ■¥ OJ (DuiAop, 
D. P. J. 161, 48).—3^ By the action of a 
porous substance, e.g. olajL on HGl mixed with 
air. Deacon (C. N. 92, I&7) soaks clay-bricks 
in saturated CuSO^Aq, and heats th^ to 
870®—400® in a stream of 6 vols. air and avols. 
HCl; C) is evolved ( 0 . Deacon, C« [2] 10, 
275). Probably CuCl, formed and decom¬ 
posed to Cu,Cl, and^l, and the Cu.^Cl,1b again 
decomposed by the air to GuO and Cl, the OuO 
being changed to GuCl, by the HCl (Hengsen, 

B. 9,1674). 

Pr^aration. — 1. 100 grams pyrolusite 


(MnO,) free from carbonates are Well mixed ^ 
with 130 grams NaCl, and placed in a capacious 
flask; a cold mixture of 125 0 . 0 . oonc. H,S 04 4 
(S.G. 1*85) with 105 c.o. water is add^. Cl is 
evolved; after a time the flask ie warme^in a 
water bath; about 80 grams of^l are owMlii^ 
able fpam |he above quantities. The Cl canies 
over with^t a Hltle HCl, qnd sometimes MnCL^; 
it is passed ^hfough CiiS 04 A^ (CuCljAq and 
H.^S 04 are fbrmed) tfo^tben through water. If • 
dry Cl is required tho gas must be passed 
through ^veraF tubes coiifaining tlaCl, and 
through one or two long tub^ filled with 
pumice soaked in boiled HjSO.. The gas may 
bo collected by downward displacdlxient, or 
over warm water or saturated NaClAq.-—2. 
Crystals of K^Cr^O, are acted aoneby conoi 
HClAq in a capacious flask, tl|e acid being 
added little by little (14HClAq + 

+ 2KClAq -I-7HfO + 3C1.,).—Chlor- 
ide of lime is decompoafd by HClAq 
(Ca(ClO)., -I- 4HClAq - CaCl.Aq -i- 2H,0 + 201,). * 
Kammerer (B. 9, 1548) doscrili^s a lecture- 
apparatus for the convenient preparation of 
Cl, based on this rAction. Dry chloride of 
lime, intimately mixed with burnt gypsum, 
is slightly moistened so that it can be rolled 
With difficulty into balls between the fingers; 
the mixture is powdered in an iron mortar 
and then beaten into an iron frame 10-12 mm. 
in height; the frame is then covered with 
oilcloth and very stfongly comjirejBed; the com¬ 
pressed plate is cut into cubes, \^ich %re pre¬ 
served in a stoppered bottle. When these cubes 
are used in a Kipp’s apparatus wtth HClAq ol 
S.G. 1*124 (free from H^SO,) diluted with its 
own volume of water, a steady stream of chlorine 
is obtained (Winkler, B. 20, 184). 

Liquid Chlorine is prepared (Faraday, T. 

: 1823.160 & 198) by placing crystalwof C1.6H.^O, 

' thoroughly pressed betv^en folds of ppppr 
, at 0®, in the closed end of a /V tube, closing 
: the other end, placing th6«G1.5HjO in water a^ 
35°, and the ^ther*limb of^he tube in B mix¬ 
ture of snow and salt (tx also Biewen^, J. pr. 

15, 440). Mohr {A. 22,1^) piUccs a mixture of 
dry KIISO^, NaCl, and MnO, in tho Iwnger limb* 
of a A tube, and above this a layer of CaCl,; 
the shorter limb is closed, and placed in a mix¬ 
ture of snow and salt: the mixture in the* 
longer limb is then heated, and, when liquid Cl 
has collected in the other limb, is again cooled 
to prevent re-absorption of the Cl. The opera- 
I tion must be conducted in the 4ark, else HCl 
I ani^ are produced, and the tube is liable to be 
I broken, l^iqnid Cl is solidified by surrounding 
, with liquid CgHf* and lowering the pressure 
(Olszcwifeci, M. 6,12^. % 

Properties. —A Meonfsk-yellow gas. iecoming 
darker in cpiour w^en heated; verjrirriftting 
odour; liquefied at 15^n]}er pressure of 4 atmo¬ 
spheres (Faraday, T. 1^3. IGOdc l9^);«,t 0® under 
pressure of 6 atciospher^an*^ at ft’5® under 
' 8^ atmos. (Niemann). Liquid Cl is dark yellow; 
immiscible wifri wa^Br; S.G.<1*33; B.J.-83'6® 

^ 760 mm.-; non-conductor of electricity (]^g« 
^ult). Vtxj poisonoift; even iflfen tni:^bd 
with much air it attacks the mucous aembrancm 
and causes irritation and even blood-epittj|ig. 
.When working with Cl, the nose And mouth 
should be proteoted by a charcoal rlspir^ort or 
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by a elotH dipped in alcohol. ^Absorbed by 
porous substances, s.( 2 . obarooal, with production 
0 / heat Melsens, C. B, 76, 92); not combus¬ 
tible in 0^ but burns in H producing HCl. Dis- 
soWeiun water with production of heat, [Cl*,AqJ 
(Th. 2,* 400). SchOnheld gives these 
iata (A. 93, 26; 95, 8 ), • 

1 vol. water a^sorbs’X vols. 7^0 


<“ 

10 

!C 

2-6852 

t® 

21 

2^h45 

31 

X 

1-7104 

11 

2-54^3 

22 

2-0734 , 

32. 

1-C712 

12 

2-4977 

23 

2-0322 

33 

1-6322 

13 

2-4543* 

24 

1-9912 

34 

1-5934 

14 

2-4411 

25 

1-9504 

35 

1-5550 

16 

2-3681 

26 

1-9099 

36 

1-5166 

1I6 

2-3253 

27 

1-8695 

37 

1-4785 

17 

2-2828 

28 

1-8295 

38 

1-4406 

18 

2-2406 • 

29 

1-7895 

39 

1-4029 

19 

2-1984 

30*1-7499 

40 

1-3055 

20 

2-16G5 ' 

! 





Solubility is greatest at 10®; chlorino-water is 
therefore bost|Urepared by leading Cl into H^O 
kept at about 10 ' and repeatedly shaking. 
Solution of Cl in lip has%moll of gaseous Cl; 
it freezes at 0®, giving Cl hydrate and ice (u. Com- 
bvialions, No. 3); loses all Cl^on boiling (on loss 
of Cl from Cl-wator at 100° in*closed vessels, v. 
Kickering, C. J. 37, 139); decomposes quickly 
in direct sunlight into HCl and 0. The pre¬ 
sence of HCl in Ci-water is detected by shaking 
with Hg until ^e^moll of Ci is removed, tiller¬ 
ing, and» testing filtrate with blue litmus and 
with AgNOsAq. C 

. The atomro weight of Cl has been detcrinined 
(1) by analyses, and determinations of V.D., of 
many gaseous compounds, e.g. CIH, ClTl, 
CljZn, CijBi, Cip, Ci.Ta, CLW, &c.; (2) by 
comparison of ohjprides, &c., with isomoiphous 
bromides, iotfdes, &q.; (3) by conversion of Ag 
in(p AgCl by Berzelius (P. 8,17); by conversion 
of NaClOj and KClOj into NaCl and KCl by 
Penny (T. 129t25); by conversion of KCIOj to 
iftll, and KCIO^ to KCI, by ]9g.rignac {A. 44,18); 
by convqjrsion of KulOj to KCl by heat, and by 
decomposition of^Cftlj by HCl, by Stas UXech. 
418); by hiating Ag in 01, by ppg. Ag solution 
by gaseous HCl, also by HClAq, also by 
NfipiAq, by Stas (Beck. 38,42,44); by reducing ! 
^gClOg by SO^q by Stas {Nouv. B. 208). 

The atom of *61 is Monovalent in gaseous 
molecules. Cl acts as a very negative, acid- 
forming, element; it appears to be positive to 
0 , and probably to F. Gombincs^with all ele¬ 
ments except F, directly with all except N^O, 
C, and F, with many elements jeombination 
scours at ordinarf temperatures with production 
3f much^eat (v. Ciiloriuks^. Replacoincnt of 
H in carftn oompounc^^by Cl is usually accom- 
[»ani^ by^production, or fioreaso,, of acidic 
Jharacterf e.g. Relative affinity of CHaCl.CO^H 
fi greater thai^ that of CHj.CO H (v. Apfiniti, i 
ml. i. p. 8 ^. ntatq of formt^ion, in solution,, 
)f metallic chlorides Re greater than those of 
^orrespozffiing bromides or iq^idosf bromides are 
wholly or partially decomposed, iodides are casilt: 
lecbmposeS^y Cl. At feast two oxides of Cl are : 
mown as gases; one oxy-acid, IICIO^, has been 1 
>btq|ned in separate and definite form (v. 1 
iHLoRinaa ; Haloobn elements ; and Halogen ! 

SLEUENTSk diNABY C0MP0UNP8 OF). 


The S.G. of Cl gas at 200° was found by Lud¬ 
wig to be 2*45 (air-l^(P. 1,#32). Many deter¬ 
minations have been made by V. Meyer and his 
pupils, using Cl prepared before and also during 
the experiments ; the general result is that the 
S.G. of Cl is very slightly, if at fll, less at high 
temperatures, 1000°-1400°, than at a red heat 
(u. Langer a. Meyer, B. 15, 2769; also Crafts, 
A 16,^57); but that the S.G. of Cl formed in 
thq apparatus by heating PtClj at J200®, is 2’05 
^ir = l^ in place of 2-45 calculated for dl, ( 0 . 
V. Moyer, B. 13, 721). The determinations of 
Jahn {B. 16,1242) show that Cl does not atfain 
the S.G. calculated for Cl.^ until it* is heated to 
about 240® above it 3 »B?l\; the differences be¬ 
tween the observed and ealculated numbers are 
hawever very small, much less than the differ¬ 
ences in the case of Br {q. v.) (v. Halogen ele¬ 
ments). , • 

Beactions.—X.f^ dissolves in water with pro¬ 
duction oyieaj; [Cl',Aq]« 2,600 {Th. 2,400); the 
solution decomposes, rapidly in direct sunlight, 
w^h formation of llCl and 0; according to 
Popper (.4. 227, 161) HCIO 3 is also formed. 
Clilorino water therefore acts as ta oxidiser, e.g. 
in bleaching fPoussaint, A. 137, 114). The 
: thermal value is, 2[II,C1, Aq]-[H*,0]« 10,270 
; (Thomsen).—2eCl decomposes steam rapidly 
j when a mixture of the two is passed through a 
' rod-hot tube.—3. Aqueoas solutions of potash (or 
soda) absorb Cl, yielding KCl and KCIO in cold, 
and KCl and KCIO, in hot, solution; Ca(OH), 
absorbs Cl forming CaOCl.CK—4. Aqueous am- 
wonta yields Nli^Cl and N;#f Cl is in excess 
clilorido of N is formed.— 6 . The more basis 
mekLllic oxides are decomposed by Cl, when dis¬ 
solved or suspended m water, with fonnatiou 
of metallic chloride and peroxide, or metallic 
chloride and an oxygen compound of Cl (v. 
CiiLouiNR, oxii^Es of). Many metallic oxides 
when heated in Cl give clilorides and 0; in 
some cases, e.g. Aip,, 0 is removed only 
when Cl is passed over a hot mixture of the 
oxide with carbon.— 6 . All compounds of hydro¬ 
gen, except HF, are decomposed by Cl with 
formation of HCl; many at ordinary tempera¬ 
tures ; e.g. H^lMljAs, ILS, HI.—7.* All metallic 
bro7nides, iodides, and sulphides are decomposed 
either at ordinary or higher temperatures.— 
8 . Otirhon compounds containing hydrogen are 
usually easily decomposed by Cl, with forAatlon 
of HCl, and frequently with separation of C; 
turpentine e.g. burns in Cl with a deposit of 
soot. .Some vegetable colours are bleached by 
Cl by (hrect removiM of H; in most cases, how¬ 
ever, tne action requires the presence of H^O 
and is Iluc to the 0 evolveil in contact witli the 
colouring matter. (For the reactions of Cl with 
Ag Shits V. Krutwig, B. 14,304.)—9. An aqueous 
solution of sodium t^osulphdte is decom¬ 
posed bv Cl; the ^hief reactions are (1) 
Na.SjOjAq-hSap + SCl 
^ Na 3 SO,Aq + 8 HClAq + H^SO^Aq; 

• (2) Na..8.30,Aq -I- 201+11,0 

« Na,SO,«.q#f 2 HClAq + S; (3) 2Na,S,0,Aq + 01, 
=»Na,S 40 «Aq +2NaClA(^ On dilution H,S is 
evolved Improbably, 2Na,Sj0a^q 

» Na^SjO^Aq + Na^SAq; and then 
Na,SAq + 2HCIAq (formed as in (1)) 
“2NaClAq + H,S (v. Lunge, B. 12, 404).—10. 
Many salts are decomposed by 01 with formation 
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of Bolntioiu of HOlO: t.g. 

Na,Cd;i^q+B^O + 2 Cl, 

-2NaClAq + 2HOClAq + CO,; 

OaCO, (enspended in H,0) + H^O + 201, 

» Ga01,Aq + CO, 4 2H0GlAq : ( v . Ohlobiks, oxt* 
AGIOS 0 ?).— 11 . lodim suspended in water is 
converted into HIO,: I,Aq + 6Cl, + 6H,0 
-25IO,Aq + 10HClAq. 

Combinations.—1. Dlreotly with all 
except 0, N^C, and F; indirectly also with 
Oy N, and G. In most oases much heat is produced 
(v. Gblorioes). Dry Cl has no action on dry 
Ka (Wankiyn,.C. N. 20, 271); K, Na, and Sb, 
do not combine with liqvid Cl at —80^; P and 
As on the other hand combine readily (Donny a. 
Mareska, A, 56,160). ^The combination of C]j 
and H takes place slowly in the dark, but very 
rapidly and explosively in direqt sunlight, in 
electric light, in Mg'light, o%in the light pro- j 
duced by burning CS, in N0{ [H, Cll^«22,000 , 
(Thomsen). For more details regardin^he com- j 
bination of Cl and H o. CuLORRTDunf Acid, p. 5: | 
also Chemioal change, vol. i. p. 749.—2. Cl coif* | 
densed in charcoal combines, without the eid | 
heat or light, wiu sulphur dioxide form SO,dT, 
(Melsens, 0. JR. 76, 92).— 3. Cl combines with 
water: when a saturated aqueous solution is 
cooled to 0®, or when Cl is led mto H,0 kept 
nearly at 0®, crystals of Cl.SHjO separate out 
(Faraday, Q. J. S, 16, *71). This hydrate is 
best prepared by passing Cl into a little water 
in a flask surrounded by ice, till the water is 
changed to a thick yellowish magma; and then 
pressing strongly between thick layers of paper 
kept at 0®. C1.6H,0 at -60® forms white tjp- ; 
metrio ootahedra, which may be sublimed (? with | 
partial decomposition) in a closed vessel filled 
with Cl, the upper part being kept below 0°. ■ 
CI. 6 H 2 O decomposes at ordinary temperatures : 
and iRessnres with evolution of Gland formation j 
of Cl water; in a closed tube it separates into | 
Cl and H,0 at about 36®; on cooling to 16® or 
■0 the CI. 6 H 2 O is re-formed {v. p. 10, Liquid \ 
chlorine) (compare Wdhler, A. 86 , 374). i 

Detection and Estimation, —Chlorine decom¬ 
poses KIAq giving KGlAq and lAq, the I is | 
detected by the blue colour it produces with { 


AgjCrOf: the chloride ought to be present in 
the liquid as alkali or alksline-earth chloride; 
the liquid must be neutral to litmus. The re¬ 
action of chlorides with KjCrgO, and cone. 
H 2 SO 4 may also be applied to the estiediUoa 
of Cl in presence of I and Br (v. Dechan, C. 
[2149,^82/. * M. M.P. M. 

CHIOBINBk JBKOHIBfi 01^ better called 
Bromine chloride; v.BnofliHB. 

CHLORINE, CTAKfhES OF; better called 
Cyanogen cjilori^s; v. Gtan^obn. a 

CHLORINE, HYDRATE OF. C1.6H,0. Ob- 
tained by passing Cl into H 3 O attO®; v. ChxiO- 
lUNB; Conibinatxonst No. 3. • 

CHLORINE, IODIDES OF: Id and lOl/: 
better called Iodine chlorides; u. Iodine. 

CHLORINE, OXIDES OP. tJhlhrine and 
oxygen do not combine directly, two oxides of 
Cl, CLO and CIO., certai;^y exist; a third is 
usually described as C^„ but it is prcbably a 
mixture of CIO^ and Cl*v. Chlorine tbioxide). 
They are all unstable bodies, easily decomposing 
into their elements. Gl^O is tfte anhydride 
of EClO, but this acid Js known only in dilute 
aqueous solutions. Tne anhydride Cip cannot 
j be obtained from solutions of the acid; C1,0 
! is prepared by the*action of Cl on dry HgO. 

; The supposed is said to be obtained bv 
! reducing HClOjAq, generally by As^O^. CIO, it 
I not an anhydride of a definite acid; it is obtained 
j by theactionof ILSp^Aqon KCIO,; on addition 
of HP, or KOHAq, it fornfe HClO-Aq and 
HClQjAq, or KClO.^Aq and KClO^Aq. The hypo- 
tlietical anhydrides of HCIO, andsHClO^, viz. 
CI-Pj and Cip„ are unknown. The heat of 
formation of 0*1,0 is negative; [Cl',0] = —17,900 
(Thomsen). The heat of formation of the only 
known oxide of 1 , viz. I^Oj, has a large positive 
value [P,0-'] = 46,000 (Thomsetf). ^ 

Bertholot discovered RCIO, in nSC; it was 
long known ns oxidised ^potassimn chUmde. 
Other compounds containing Cl and 0 were 
prepared and examined ^y Che^enix (1802))^ 
Stadion and D^y (T816), an^by Balard (1834). 
Millon in 1843 added mucla to the knovrtedge of 
the oxy- compounds of Cl. InTtiore recent times^ 
Carius, Brandau, and Pebal have examined' 


starch paste. Soluble qhltrides ppt. Ag as white these compounds. The body called by Davy 
AgCl from AgNOgAq. Solid chlorides w|)en eucklonne, obtained by the action of HClAq on 
heated |rith K,Cr 20 ,*and oonc. EjSOf produce KC10„ and supposed by kim to be an oxide of 
^eons CrOpl, which is easily condensed to a Cl, has been proved to be a mixture of CIO, with 
radish-brown liquid ; bromides and iodides ^ Cl. Millon's compounds Cip„ and Cip„ have 
under similar conditions give Br and I re- also been shown to be mixtures (H. Davy, T. 
spectively. ^ ISlig 214; (Iky-Lussac, A. Ch‘. 8 , 408; Sou- 

Chlorine in dilute aqueous solutions nlay be beiran, A. Ch. 48,113; J. Davy, N. Ed. P, J, 17, 
estimated volumetrically (1) by determining the 49 ; MilloiR A. Ck. J^3] 7, 298; Pebal, A. 117, 1). 
massof I (by means of standardised Na-PP^Aq) 1. Celqbine uoNgiiDB. CI 3 O! {Hyp^hlorous 
set free from KIAq by the Cl, or (2) by gently anhydriae.) Mol. w. Sp'l. ( 6 ® at 7^8 mm.) 
warming in a closed gessel with excess of (Garzarolli^||humlaskh, A, 230, 27|1). j^.D. 

Ne^BjOjAq—whereby part of the Napp, is | 43-6 atl0®.'||l*,0j«-17,930 (2'k.2,8«9). S.G. 
changed to NaESO,—decoftiposing the remain- j R*977 (air ■rl). Abserption-speotrtm shows 
ing KopjO, by boiling with HClAq, and csti- bands in blue an^ violet (Geme^, <5..% 803). 

mating the sulphate produced by the % 8 ual S. (0®) about 200. * •* 

methc^. Chlorides, in solution, nmype esti- Preparafio>^—Pr^ipitatcdJQgO is heated to 
mated ( 1 ) by ppg. as AgOl, washmg, drying, about 300® for some nme, an^ cooled ^olouze, 
slightly fusing, and weighing; or (2) voliimetri- M 46, 196)^ it is placed in a Iona ^ube sqx- 
cally by means of Standardised AgNO,Aq, in rounded by water; well washed andnhoroughly 
presence of a very little the AgNOjAq dri^ Cl is passed through the tubef The re- 

is added until the whole of the chlorine is ppd. action is HgO + 2 CI 2 « EgCl, -f CljO; the Cl^O^ is 
as AgCl, the completion of th% reaction being passed into dry flasks; as each is #Ued it is 
determined by noticing the production of red ^ closed with a glass stopper which is then 
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' tbvered with paraffin. If liquid C^O is required 
the tube eontaining HgO is connected with a Y 
tube, the upper part of which is cooled to at 
least >-2d°. Ladenburg(B. 17,157) recommends 
000 ^^ by alcohol, the temperature of which is 
Induced to —40' by a small ammonia-freezing 
machine—dry test tubes surrounded hy ide and 
salt are placed ^ndcr* the Y and a few 
drops of GljO are oollOctecLin eacl^ tube. In 
Ws way the principal flections of liquid Gl^O 
may be deij^onstrat^id without (hingert(v. Laden- 
bu^, I . C .). If crystalline HgO is used, no action 
occurs betweeft it and 01; if ordinary ppd. HgO 
is employed the action is too rapid, much heat 
is Evolved, and no Cip, but only 0, is obtained. 
^ Propertm. -llcddish-joHow gas, with very 
irritating Sdoffr: condenses at about -20^ to a 
blood-red liqifid which boils at about —17*^ 
(Pelouze, A. Ch. [bL?, 176). Both gas and 
liquid ai>6 very easily decomposed, somctiines 
with violent osplosioii, iflto Cl and 0 ; pouring 
the liquid from oue glass vessel to another, or 


I Berthollet, 

2, 183. Wagemann, A. 85, 115. Geiger, 
I li. P. 15, 40. Grouvcllo, A. Ch. 17, 87. Ber¬ 
zelius, P. 12, 529. Liebig, P. 15, 641. Sou- 
beiran, A. Ch. 48,118. Balard, A. Ch. 57, 225. 
Martens, A. Ch. 61, 198. Gay-Lussac, C. B. 
14, 927. Pelouze, A. Ch. [3] 7, 176. Kolb, 
4- Ch. [4] 12,266. 

Il.h Chlorine peroxide. CIO*. {CkloriM 
dioxuU or letroxide.) Mol. w. 87*29. V.D. 
38*r) , 34-5 at 10*7° and 718 mm. (Pebal a. 
Schachcrl, A. 213,113). S.G. 2*316 (air« 1^. 

Preparation, -r- 1. About lOCl gwms pure 
cone. HoSO, is placed in a platinum dish 
.surrounded by snowT and salt; from 16 to 20 
g^ams dry finely powdered KCIO, is added little 
by little, with stirring with a glass rod after 
each addition. ^ When so much KCIO, has been 
added tliat the con|entB of the dish form a thick 
oily liquid^ this is carefully poured through a 
funnel inJo a glass flask, with the neck drawn 
! out, of a si^ such that it is not more than one- 


contact with ^scratch on the glass, may sullice I tuird filled with the liquid. The greatest care 
to bring about an explosmn. Rise of tempera- n^st be taken to keep the neck of the flask per- 
Lure, or the action of eleelrio sparks, causes the fectly free fre^ the oily liquid? The flask is 
gas to explode, with production of Cl and 0 kept cold; a piece of glass tubing of the sami 
IBolard, A. Ch. 57, 226; Gay-Lussac, C. li. 14, diameter as th^ end of the drawn-out neck d 
927). The gas is said to dccdhipose in sunlight the flask is pressed closely against the end 
wthout explosion into Cl and 0, the volumes of this neck, and the joint is made tight by coou 
these gases being as 2:1. tchouc. The flask is tliA placed in a water batk 

liaactions and Combinations. —1. Powdered and very slowly heated to 20°, and after som^ 
metals ^rm oftlofides and oxides, or oxyclilor- time to 30°-40°; the gas is collected, by down- 
ides, frequently with explosion.—2. Many 7/ic- ward displacement, in smal^ dry flasks, or it 
tallic oxides acaot with the gas to form ohlolidcs may be liquefied by passing into small tubes 
and higher oxides; Ag,0 gives AgCl and 0.— sqjrounded by snow and salt. The whole opora- 
3. PhospJiorus, Sulphur, and Selenion, form tion is best conducted by gas-light (Miliou, 
chlorides and oxides, with explosion.—4. IJy- J. pr. 29, 401; Cohn, J. pr. 83, 54). If the 
drogen, in sunlight, decomposes the gas ex- liquid is prepared each tube should not contain 
plosively, pr^ucitig HCl and HjO.—5. Freshly more than 1 or 2 drops; the liquid is frightfully 
heated carb^, cooled under Ilg, detonates in explosive. The gas prepared as above always 
CIJIH Cl, 0, and a kittle CO, arc formed.—6. contains a little Cl and 0.-2. According to 
Hydrochloric acid gas forms H,0 and Cl.— Jacquelain {A. Ch. 30, 339) fairly pure CIO, 
% Acetic anhydride, [C.H]G)20, absorbs the gas may be obtained by tbe action of a mixture of 
forming the very urotablo colhpoimd CjHjjO.OCl equal volumes of cone. HgSO^ and water on 
(Schtitzftiberger. C. F- 538).—8. The liquid pure KCIO.,, in a flask with a long neck, placed 
C1,0 sinks in w<mr, and then slowly dissolves in water at 70° so that half the,neck is im- 
lorming HClOAq (q. v.). Water at 0° absorbs mersed.—3. If a very intimate mixtureof 3 pts. 
more than 200 times its volume of gaseous finely powdered KC)0,^w^th 13 pts. finely pow- 
431,0: the solution contains HCIO. der^ crystallised oxalic acid is warmed in an 

Method of Analysis The gas was slowly oil bath to 70° a mixture C»f CIO, and ^0, is 
passed through a narrow glass tube with three evolved regularly and without danger; five- 
bulbs blown on it, the part of the tube before ^ixths of the Cl of the KCIO, forms CIO, aza. 
tbe first bulb being heated; by this means the ‘ one-sixth remains as ECl (Calvert a. Davies 
gas was dccomp'osed, and the thrdb bulbs ware C. J. 11,193; v. ajao Schacherl, A. 206, 76). 
filled with the products of this decomposiHon, Pr(9perties. —YeUowish-greon gas, oondens- 

viz., 01 and 0. The bulbs- >^ere staled by the ing {by* snow and salt) to a red-brown liquid, 
blowpipe, and lach was t^ien openqd under and solidifying at about —^9° (ether and solid 
KOHAq ^he Cl was thtfs absorbed while the 0 CO, in vacuo) to hard, brittle crystals, resem- 
remained.* The volulne of«KOHAq was mea- bling K,Cr,0, in appea^nce (Faraday, T. 1845. 
sured; tbs builds were fiUedT with j^HAq and 155). Both gas and liquid are frightfully ex- 
tbe total volume was determined. Tbe resultg plosive; explosions Often occur without any 
was that 2 |;ol8. Ql were found in each bulb with assignable cause. S.G. of liquid CIO, about 1*5. 
1 vol. 0. The wei|bt8 of Cl and 0 formed B.P. ^out 9° (Pebal, A. 177, 1). In a vessel 
were oaloulated, ^4 the weight of ihe volume wholly m^de of glass, liquid CIO, boils at 9*9° 
of the unAeoomposed gas wBich the bulb would under pressure of 730‘9imm. without explosion 
contain when full calculate^ from th^ (Schaoharl, A. 204, 68). The gas has an irri- 
observed S.§. of the gas. It was thus found tating odour, resembling tlAt of NO,; it does 
th(it 2 vol8.’of the gas are decomposed by heat not affect litmus paper; it is unchanged in 
»nt<iP2 vols. Cl and 1 vol. 0. This calculation the dark, but decomposes, usually explosively, 
assumes thnt the gas entering the small bulb' in sunlight. « 
contains no free Cl or 0 (RegnauU). Beactions and Combinations,— h Easily oxi- 
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distd bodMS, f, or S, bam in 010„ usually 
with explosion.— 2. M^cury absorbs the gas 
and decomposes it with detonation.—3. ihjdro- 
gen (8 vols. H + 3 vols. ClOj) decomposes ClOj 
explosively in prosenoe of spongy Pt, or of elec¬ 
tric sparks, foiming H^O and HGl (Blundell, P. 
2, 210; Stadion, 0. A, 62, 197 a. 339).—4. Ac- 
cosding to Eammerer (P. 138, 404) bromine and 
iodine do not react witu gaseous CIO^.—I^Many 
organic compounds cause explosion of ClO^ at 
ordinary temperatures. — 0. Liquid CIO 3 ex- 
plades \vhen a piece otpotaek is placed in it; if 
water is pres/int, a mixture of equal equivalents 
of KClOj and KCIO^ isWormod, much heat being 
produced.— 7. Liquid Cldj sinks in water ; on 
shaking, much gas i 2 given oil, an cxplosipn 
usually takes place, and the water contains 
HCIO 3 and HCIO,. If the water is kept at O'" 
yellow crystals are formed wnieh cannot bo 
melted without evolution of considerable quan¬ 
tities of gas (Millon, A. Ch, [3] % 2i%). Water 
at 4*^ absorbs about 20 times its^own volume 
of gaseous CIO,, with formation of HClO^^q 
and H010jAq-(Millon, f.c.); this solution de¬ 
composes in sunlight, giving o^Gi and O, and 
after a time only HCIO, remams in solution,— 
8 . Cono.. sidjfhuric acid at —18* absorbs about 
20 times its own volume of gaseous ClOj, be¬ 
coming yellow in colour; on removing the 
acid from the Ireezfbg mixture the colour 
changes to reddish; at 10*-15® 010^, ChO, (?), 
and a mixture of Cl and O in the proportion of 
2 vols. to 3 vols.j^ro evolved; when gas ceases 
to come off, the residue contains HCIO, (Sta¬ 
tion, O. A. 62,197 a. 339; Millon, A. Ch. 7, 
298). 

Method of Analysis. —(Pebal, A. 177, 1; 
213, 112). The gas was prepared by gently 
warming HjSO^Aq (1 vol. cone, acid to 2 vols. 
water) with a mixture of oxalic acid and po¬ 
tassium chlorate; it was washed by passing 
through a little water, dried by CaCl.^, and 
liquehed in a small glass bulb with two glass 
necks surrounded by CaClj and snow. When 
about 3 oo. of the liquid were obtained, the 
evolution qf gas was stopped; one neck of 
the glass bulb was closed, and the other was 
connected with a g^ise tube, furnished with 
glass stop-cocks, placed in water. The freezing 
mixture was removed, and gaseous CIO, was 
allowed to pass slowly through the glass tube 
till all air was removed; the stop-cocks of the 
tube wore then closed, and the temperature of 
the water and the reading of the barometer were 
determined. The glass tube full of OiO, was 
surrounded by fine wire gauze (in case a« explo¬ 
sion should occur),* and the water was gently 
warmed until decomposition of the ga^ oc¬ 
curred; the temperature of the water was then 
allowed to come back to the first reading. The 
mixed gases, or a portion of them, were then, 
transferred to a similar graduated glass tube, 
filled with saturated NaClAq containing little 
ClAq and placed in a cylinder full oLthe same 
solution; this Bolutio% absorbs hUrdly any Cl 
from a mixture of Cl and 0. The voliime of Cl 
in the known volfime of the mixed gases was 
determined by absorption by KIAq. The fol¬ 
lowing results were obtained: 

{1) Volume - expansion Q§ decomposition' 
33'9;36'44=2:3*06; 
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(2) Batio of 01-voIume to 0-volume 11*1 .■28‘/ 
= 1:209; 

(3) llatio of 0-volume to expansion 

24-05:12-54=. 1*90:1; * 

that is, 2 vols. chlorine peroxido yields 2 ^ 1 .’ 9.0 
and 1 vol. Cl. Tlioii from the weights of 0 tffid 
Cl ol^ainlid, 04 d the weight of ohloiine peroxide 
used (calcultited from the observed S.G. of the 
three gases) the foimuja'ClO, is deduced. It 1$ 
possible that -the gaS at low temperatures, or 
the liquid, n^y have th^ competition 01 , 0 ^. 
CIO, may also be analysed by allowing the 
liquid to act on FcHO,Aq and ditermining the 
Fe,3SO^ and the HCl produced; • 

lOFeSO.Aq -h 61i,SO^Aq + 2C10, 
^5Fe.^3S0,Aq + 211ClAq 1 4IX,0 (ti-Gai’zaroyi- 
Thurnlackh, A. 209, 205). 

Iteferences. —Stadion, (?. ^.o2, 197 a. 339. 

, Davy, T. 1815. 214. Gaj^Luisac, A. C/i. 8,408, 
Boubeiran, A. Ch. 48,113. J. Davy, N\ Ed. P. J. 
17, 49. Millon, A. Ch. [3] 7, 298. Calvert &A 
Davies, C. J. 11, 193. Cohn,/. pr. 86 , 63. 
Faraday, T. 1845. 165. Blunffill, P. 2, 216. 
Kammcrer, P. 138,*404. Pebal, A. 177, 1. 
Garzaiolli-Tliurnlackh, A. 200, 184. 

III. CnLoniNZ TBioxioK. Cl,0,. {Chlorous 
anhydride.) The* existence of this body is 
very doubtful, ^he results obtained by Milbn, 
Garins, Sebiol, (kc. differed considerably: thus 
Millon could not liquefy the gas he obtained; 
Schiei and others obtained a dark reddish-brown 
liquid by passing the gas iSto% tubf> in snow 
and salt. Brandau determined the S.G. of the 
ga * to be 4*07 at 9*. 4-02 at and 3-17 at 
16*; Millon gave the S.G. as 2*05 and Sohiel 
as 2*6 —2*73. (The calculated S.G. of 01,0, is 
4-109, air = l.) The gas was analysed by 
Millon by passing it over hot Cu and deter¬ 
mining the CuCl, formed; Bfaud^u dissolved in 
water and titrated with KIAq, be also reduced 
by HNO,Aq and estimated the Cl. The ftlblts 
cannot he regarded as satisfactory. Garzarolli- 
Thuinlackh {B. 14f28; mme fully, A. 209, 184) 
in 1881 det(*mii 1 cd the relation between the 
expansion of the gas on d^c^posing It by beat 
and the volume of O thus^btaii^d; he em¬ 
ployed Pebal’s method for analysis of CIO, 
(q. V.) ; the gas examined was prepared by the 
action of (1) EClO, and HNO,Aq on 
(Millon’s method), (2) dCClO, and HjSOfAq on 
Cgllg (Carius’s method modified by Brandau), 
(3) KCIO, and HNO^Aq on sugar (Schiel'a 
method). In every case the volume of 0 ob¬ 
tained was ^almost exactly double the total 
expansion of the gas; but if the gas were 
01,03 the vMumj of 0 must be equal to the 
total expansion, (i&d this result ^uld hold 
good it free Cl were* mixed withfho CljO,. 
GarzaroUi-Thunilackh concludes thait ties gas 
supposed to be Cl ,03 by Milloii and Brandau 
was really a mixture of C10„ \yth varying 
quantities of Cl, a little 0, and CO^ 

Pr^ration %f compound said to be CL,0,.— 
1. MUlon (4 CA. [3j 7r ^98) used 16 pts. 
finely-powdered A^O^ and 20 pts^powdered 
dKCIO, made into a thiji cream with watery to 
this he added 60 pts. pure HNOjJb (free from 
HCl and HjSOJ S.G. 1*33, diluted with 20 pts. 
HjO; the mixture was placed in a flask*of a 
size such that the liquid partly filled the neck, 
an exit tube was attached, and the contentfl 
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’ gradually warmed in a water-oath to about 
25^ The gas may* be dried by CaCl,; it is 
collected in dry flasks by downward displace¬ 
ment Che flask should be covered with a 
thi^oloth inacase of explosion. Slight ex- 
tlosions sometimes occur, but if the r^rocess 
18 conducted carefully it is uviatteudea with 
danger.—2. Sohiel {A: 109, 818} Qsed a mixture 
of 2 pts. KC10„ '6 fb *8 ^ts. cane.>BUgar, and 
‘8 pts. HNOjAq, S.G. 1*^ dilated with 8-4 pts. 
H,0; thetgas contained CO^^S. £arius (A. 
140, 317; V. also Brandau, A. 151, 63) dissolved 
10 pts. OjHo tC 100 pts. cone. HjS 04 , diluted with 
100 pts. after cooling added 12 pts. pow¬ 
dered KClOj, and heated to about 50*^ on a 
^ater-bat^ The exit tube of the flask was 
connected witft a series of small bulbs contain¬ 
ing water; frBm those the gas passed into a 
tube kept at -IS'^i the liquefied oxide %is 
separated from crystals of hydrated chlonc 
acid (j. V .). About 5-7 b.c. liquid was obtained 
from 54 grams KCIO 3 ; the liquid contained a 
little water aHft traces of ClOj and HClOa. 

Properties of the supjpsed compound.—The 
properties said to belong to CLp, resemble those 
which characterise CIO.^; the former is however 
lees explosive. It is dcscrio^d as a greenish- 
yellow gas, condensing to a dark red-brown 
liquid; S.G. about 1*5; the liquid volatilises at 
about 0®, the latter portions boiling at 8®-9°. 
The gas is decomposed intOjOl and 0 at about 
57® wit|j sli^t explosion. In contact with 
most non-metals, and with To and As detonation 
occurs. Pb.aCu, Sn, Sb, Ag, Zn, and Fe are 
unchanged in the gas; Hg absorbs it. One 
volume HjO absorbs 8 ^ vols, of the gas at 8 ° ; 
the solution contains HCIO^, and after a time 
also HCIO,. Brandau says that if the water is 
at 0®, a solidJiydAte of HCIOj containing from 
50 to 07*5 p.o. HjO is produced. 

•References. - Miflon, A. Oh. [3] 7, 298; 
Be Vrij, A. 61, 248;,Schiel, A. 108,128; 109, 
347; 112, 78; 116.115; fifirius, A. 140,317; 
142, 129; 143, 3^1; Brandku,»-.<4. 151, 340; 
Garzarofli-Thurnlapkh, B. 14, 28; A. 209, 184. 
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CHLOBINE, 0XY-ACID8 OF.-Four com- 
pounds are known, HCIO, HCIO^, HCIO,, and 
ilClO,. The anhydride of HCIO, viz. CI,0, is 
known; the anhydride%f HCIO., viz. CIG,, is 
generally stated to bo known, but the evidence 
is not conclusive {v. Chlorink trioxide). Of 
the acids, only^ HCIO 4 has been ^ obtained in 
definite form apart from water. Aqueous fplu- 
tiohs of HCIO and HClOj are easily decomposed 
on heating, givigg HC10jAq*and iHClAq; the 
most co^c. solution of *HClO,Aq •btained 
contains *the acid agd water in the ratio 
HCI(4:4^H;0, this solution decomposes on 
heating yilldin^ HOlO^Aq, Cl, and 0* HC10,Aq 
is stable, it ’ .. “ 


ijnayl 

until crysttts of nHCIO^.E^O mo obtained; by 
caxoiully heating thesrf^crystals' the acid^OlO. 
is formed, this acid Is very^ easily deeomposed 
with exjftesion. The foilwing thena^d data 
ire given hyThomsen (3%. 2,.400) ^ 

lSr,Cl,Aq]« 39,315 

Biff.--0,885 

CHAOAq]-29,930 

ft Biff.--5,990 

[fi,01,0»Aq]« 23,940 . 


These numbers ^uld lead us to expect that 
neither HClOAq nor HCIO,Aq would be produced 
by the direct addition of 0 to HClAq; nor should 
weexpect to form KCIO,Aq by adding 0 toKClAq, 
for fKClAq,0*] = -15,370 (Thomsen) ; the pro* 
duction of HClOAq by the direct combination of 
Cl and 0 in presence of H,0 is also improbable, 
ponsideringthat [Cl*,0,Aq] ■= -8,490 (Thonnicn). 
Cl and 0 do not unite directly, but if a 
moderately basic oxido, e.g. HgO or ZnO, is 
acted oh by Cl and H.^0, HClOAq is produced ; 
if a strongly basic oxide, e.g. XO or NsjO, is 
used, a salt of HCIO is formed in solution. 
Odling {Ph. [2] 1, ^4(>ft) says tliat HClOAq is 
formed when a current pf air laden with HCl 
i" pa.sscd into a warm solution of K^Mn^Og 
containing H.SO,. HClOAq is also said to 
yield HCio,A(i» by the action of ozone. In the 
ordinary processes whereby HClOjAq and 
HC10,Aq ate obtained from HClOAtj (or salts 
of the hijlher**acids from salts of HCIO) much 
hpat is produced in the decomposition of the 
lower acid, or salt, and 0 is set free at the same 
tiuio; under these conditions the higher acids, 
or salts, are formed. When KClOAq is heated 
KClAq and KClOjAq are produced; when 
KCIO, is heated, 0 is evolved and KCIO, and 
KCl are produced; on raising the temperature 
KCl remains and all thp 0 is evolved. Thom¬ 
sen (Th. 2, 145) gives the following thermal 
values for the possible reactions between Cl and 
KjO:— 

( 73,935 if ftKClOAq + 3KClAq 
[Cl*,3Kmq] = I 97,045 if KClOgAq + 5KC)Aq 

1118.315 if 30 + GKClAq 

' are formed. 

Chloric acid is as strong an acid, i.c. its affinity 
is as great, as hydrochloric acid (u. Affinity, 
vol. i. pp. 82, 88) {comjy. Bromine, Oxy-acids op. 
V. also Halogen elements). 

Defection and Estimation of salts o/HClO, 
HCIO,, HCIO 3 , and HCIO,. 

1. Salts of HCIO in solution react as oxi* 
disers much in the same way as ClAq; on 
adding a little extremely dilute HNOjAq and 
distilling, a dilute solution of HOlOAq is ob¬ 
tained which H) bleaches indigo at once, but 
does not bleach if As^OAq Is present, ( 2 ) gives 
a brownish pp. of HgO.HgCJ, when shaken with 
Hg, (3) with SOoAq forms a solution containing 
1 equivalent HCl to 2 equivalents H^SOg 
(HClOAq + SO,Aq + H,0 - H,SO,Aq + HClAq). 
Hypochlorites may be estimated by titration 
with KIAq and Naj'IjOjAq. 

n. Salts of HCIO 2 in sedution react very 
much ais mixtures of chlqrates and chlorides; 
they are decomposed by H^SOgAq (1 acid to 
8 -l(b water) with formation of a yellow colour 
probably due to CIO, awd Cl, whereas a mixture 


^ ^ of chloride and chlorate is not decomposed, 
be concentrated by distillation jj They bleach acidulated indigo at once even in 
presence of As,OgAq. With SOjAq a solution 
is formed containing HCl and HBO, in thei 
ratio H 4 )l:gH .,804 TH010jAq + 2SbjAq + 2H,0 
- 2 H,S 04 Aq +HClAq). ^Chlorites may be eatL 
mated m allowiug them to pxidise a standard¬ 
ised acidulated solution of FeSO,, and determin¬ 
ing the residual FeSO, by E.,MujOgAq. 

III. Salts of ECIO 4 in solution do not bleach 
acidulated dilut# indigo solution in the cold 
nntil a little SOjAq It Mded (Cl iathon selfcee).; 
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thej 6 o not eepafate I at once from ElAq. 
They are decomposed by^igestion with warm 
cono. HCIAq; salts of HGIO 4 are not. Chlorates 
may be estimated by reduction to chlorides, by 
Zn and H 2 S 04 Aq, or by a Cu-Zn couple (v. Bo> 
thamley and Thompson, C. J. 63,169). They 
may be separated from chlorites by conversion 
int^E salts, and repeated evaporation in vacuo 

V. CHLOROUS ACID AND CHLOBITES). K(fi^, W | 

airly soluble in water at 15° (S = 6 ), and KCIO 4 
is nearly insoluble (S ~ T 6 ); EGIO 4 is insoluble 
in alcohol containing a little E.C 2 H 3 O 2 ; amethod 
of separation^ of KCIO, and KClOi may be 
based on these facts. ^ 

IV. Salts of HCIO. ard not decomposed by 
digestion with cone. HUlAq at 100°; their solu¬ 
tions do not bleach acidulated indigo even in 
presence of SOsAq, nor are th^ reduced by a 
Gu-Zn couple at 100°. Perchlora'tes may be 
estimated by converting them into KCIO^ and 
determining the 0 in them by heo-tinf;,', and tlie 
E and Cl in the residue by the usual methods. 

I. Hypochlorous acid and Htpochlokite^s. , 
HClOAq; MClOAq. In 1788 Berthollet ob¬ 
tained a liquiu with bleaching^ properties by 
the action of chlorine on aqueous alkalis; 
Berthollet thought the liquid contained a com¬ 
pound of the alkali and chloftne, the latter 
being then regarded as oxidised hydrochloric 
acid. Berzelius supp(K>ed that a mixture of 
alkali chloride and chlorite was formed. In 
1834 Balard proved that tho bleaching liquid 
contained a salt pf a new acid (Berthollet, 
Statique Chimique, 2, 183; Berzelius, P. 12, 
629; Balard, A, Ch. 67, 225). The acid is 
known only in aqueous solutions; one /alt 
Ga(C 10 ) 2 .arH 30 has been obtained as a solid. 

Formation.—l. By the action of Cl on ZnO 
in presence of water; ZnCl^Aq is formed at tho 
same time.—2. By the action of Cl on (1) CaCOj 
iuspended in water; (CaCO,-fHnO-j-Aq-t- 2 Cl 2 
« CaCljAq 2HC10Aq + COj): 

(2) Na,CO,Aq ; ( 2 Na 2 C 08 Aq + 2 H 2 O + 201^ 

- 2NaC]Aq -r 2HC10Aq + 2NaHCO,Aq ; then 
2NaHCOjAq -i- 2Clj 
- 2NnClAq + 200, f 2HC10Aq); 

(3) NajSO^Aq ; (Na^SO^Aq -*• HjO -»■ Cl^ 
-NaHSO^Aq + NaCIAq + ^IClOAq).—3. By the 
action of Cl on AgCO, depended in water; AgCl 
is alsfi formed.—-4l By the action of Cl on 
r.ftO ^H^A q; CaOjGI) and CaCU are probably 
formed (v. p. 17) ; when to an aqueous solution of 
this product as much very dilute HNOtAq is* 
added as suffices to oonverLless than the half 
of the Ca into Ga2NO„ and the liquid*is dis¬ 
tilled, dilate HClOAq is obtained (Gay-ijussao, 
A. 43, 163; Schorlemmer, B. 6 , 1609; Kopfer, 
C. J. [ 2 ] 13, 713).—6. By passing CljO into 
HClOAq is formed ( v . Chlorinb uonoxidk).- G. 
Addition of HjO^Aq (containing 2'45 p.o. H^Oj) 
to a large excess of CIAq produces HClOAq, 
according to Fairley (B. A. 1874, 67); if much 
HjOj is added, the HClOAq is docoiAposed 
forming HCIAq, HjO, and evolving 0.—7. 
According to Odling («4 1860. 65) HClOAq is 
formed by leading air laden with HQ4 into a 
warm solution of I^MnjO, containing H 2 S 04 Aq, 
or into a mixture of MnO, and H 2 S 04 Aq.— 8 , 
HClOAq is also formed, along with other salts, 
by tho action of Cl on aquq^us solutions of 
ya,HP04, FeS04, ZnS04, MnSOi, CDSO 4 , 


Zn(C 2 H, 02 ) 3 .—9. Alkali salts of HOlO are 
produced by electrolysis of NaCIAq or KClAq 
(Lidoff a. Tichomiro0, J. B. 1882. 212). 

Preparation.—k flask of somewhat under 
1000 0 . 0 . capacity, with a goed-fitting^ass 
stopper, is filled with air-free Cl in the ^rkq 
ppd. HgCV whi(?h has been heated to 300° and 
cooled, suBpenied in a Nttle S^O, is added, in 
the proportion of ^ grains to 1 litre Cl; the 
flask is shaken for aMut 15 minutes, aud the' 
liquid is poure(^ofl from the Hg 20(^3 formed: 
j this solution contains from 2 to 3 p.o. of HCIO 
(Carius, A. 126, lllG). If tho Glased contains 
much air the reaction proceeds very slowly; if 
tho HgO has not been heated to 300° mudh 
Ug2C10, is formed. 2HgO-f-2Cl, + HjO +Ag 
! -HgO.HgCU-f 2HC10Aq. ThS solution of 
! HClOAq is best kept in contact wit^ a little HgO; 
aiiy Cl sot free is thus fontinually converted 
into HCIO. 

Properties.—kn aqifeous solution of HCIO 
smells like CljO. It is very easi^ docomposed 
into Cl and HClOAq; sunligm this change 
proceeds rapidly, the i^ore cono. the solution the 
more rapid is the decomposition, and traces of 
HCIO 4 are also formed (Popper, A. 227,161). A 
(lilnto solution of HCIO may be distilled with 
paitial decomposition, tho distillate is rioh^ 
in HCIO; Gay-Lussac found that, on distillir^ 
a dilute solution to one-half, the distillate con¬ 
tained five-sixths gl the total HCIO {C. R. 14, 
927). HClOAq is a monob&siif acid^ added 
to KOHAq or Ca( 0 H) 2 Aq» KClOAq or 
Ca((iiO) 2 Aq is formed. Thomsen fives the heat 
of neutralisation as (HClOAq, NaOHAq] = 9,980, 
which is about § of the value of the heat of 
neutralisation of one of the stabler monobasio 
acids {e.g. HCl, HCIO,, HNO,), and is a little 
i greater than the value for HSHAq,^ viz., 7,740. 
HClOAq does not dissolve bases insoluble in 
water, nor does it decompose the carbonate/of 
these bases. ^ , 

Reactions.- 1. HClOAq acts generally as aw 
oxidiser; it oaoily* parts wiili 0 while HCIAq 
remains. Thus, As is tf^ndly oxididbd with 
I evolution of light; P, S, Se, I araconvorted* 
; to H.,PO,Aq. H. 2 S 04 Aq, &c., even by dilute 
HClOAq; lower oxides or salts are converted 
into higher, e.g. SOAq to H 2 S 04 Aq, FeO to* 
Fo,0„ AsG.Aq to .^._jO,,Aq» FeS 04 Aq to 
Fe 2 (S 04 ),Aq* FejCl,,Aq. and Fe^O,, MnSO,Aq to 
. MnO. 4 ; sulphides yield sulphates, 6 .g. H-^SAq 
'Ogives II^SOAq and S ; NH, gives N, H^O, and 
NHXlAq; Htll forms H^O and Cl. The quantity 
of tne acid ^ expressed by the formula HCIO 
oxidises tho *sam^ mass of an^oxide &c. as can 
be oxidjged by Cl,«hi presence of H,0; thus 



On many ca/rhon compounds HClOAq acts partly 
as an oxidising, partly as a ohlontiattng, agent; 
e.g. U^C/yM + fl010Aq#2C03 + H^O + HCIAq. 
Some organic. comiwuDds*cgmbine with the 
acid: e.g. 3HC10Aq - 04 H^ 1 ,( 0 H)„ 

6,H4 HClOAq - C2H4CJDH.-8. soiu- 

tion, and various other vegetable flours, are 
rapidly bleached by HClOAq; one formula- 
weight of HCIO in solution exerts as gre/t a 
'bleaching action as 01 , ^HClOAq® 
HClAq + O; Cl,-fH.0«2HCl+0).*-R. HClOAq 
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is eaid to be oxidised to H0104Aq by OiOne 
(Fairley, B. A. 1874. 68). 

Hyp^pblorites are very easily decomposed; 
e7e\io mlute solutions boiling suffices to oon- 
verMhom int8 obloridea and chlorates, in oonc. 
solutions boiling produces chlorid^ slid 0. 
Their solutions are algo deoom^od by heating 
with CojO„ OuT), MiiOj Ac., 0 « evolved and 
chlorides remain; 9&{OlO)iMq + Co.jOt^ 
CaCl^q + Co^O, H-0, (CoOa 18 perhaps formed 
and agaiifteducedto Co-jO, wiHt evoffition of 0; 
Winkler, J. sr, 98, 340). As Ca(001).4Aq is 
formed bv tire action of Cl on CaOAq, it is easv 
tp obtain 0 by leading 01 into strong warm milk 
of lime containing a little CooO,(Go.2N03 is 
«Bed). BelutginsofKCIOandNaClO.alongwith 
KCl and Na^, are obtained by leading Cl into 
cold dilute KOHAq or NaOHAq. Solutions of 
hypochlorites bleacH rapidly on addition o4 a 
little HNOjAq, H^SO^Aq, HClAq,or oven COp^Aq; 
these solutions act as oxidisers towards P,S, I, &c. 
As the hypojghloritcs are so easily decomposed 
it is difficult to obtain them, even in solution, 
free from chlorides. Kirifezett (C. J. [2] 13,404) 
obtained crystals of nearly pure calcium hypo* 
chlorite, Ca0jCl2.a;H20, by exhausting bleaching 
powder with cold H3O, filtering, and placing 
the filtrate in vacuo over cone. H3SO4, The 
crystals very easily decomposed, even by drying 
in vacuo, with evolution of Cl. The greater 
part of the G iyas lost b^ heating the moist 
crystalsHo 100°, the residue probably contained 
chlorate, it also contained much carbonate^The 
crystals diasl^lved in H^O; this solution was 
decomposed by CO, with evolution of most, but 
not all, of the chlorine. That an aqueous solu¬ 
tion of bleaching powder contains CaO^Cl, has 
been confirmed by O’Sliea (C. J. 43, 422), who 
proved thaUwhon such a solution is diffused 
w4bout a membrane^he diffusato contains con* 
BidoTably less active Cl {i.e. Cl which is so com* 
bined with Ga«nd 0 Kiat it is capable of bleach* 
ifig), and the rcsif^e coni^d^rably more active 
Cl thai^the original liquid, in pAportion to the 
01 or CaCl,; thqtsiifdiffusion sufficed to render 
the diffused liquid relatively poorer in active Cl 
ind richer in chloride. 

Bhaching 01 is absorbed by 

fiaked lime and the moduot possesses strong 
)leaohing properties.^ Gay-Lussac regarded 
teaching powder as containing CaCl^O, and 
jaCl, in the ratio CaCl303:CaCl2. Odling 
Manual of Chem, 1, 66) suggested the com* 
)osition Ca.OClCI, chiefly because bleaqiiing 
)owder is not deliquescent nor is CaCl, removed 
rom it by treatment with* aloohoT. Gdpner 
J.pr. [2] 7,441) asserted Weaching plfwder to 
le a oompound of CaQ 01, and to have the 
om^osit^ OaO.Cl,. StahllchmidU(B. 8,869) 
uggesteoVhe oAnposition Ca.OH.OCl. Bleaching 
towder pr»aijed bv the action of pure dry 010# 
mredry CqOH),tIwsM oontai^ssome Ca(OH),; 
lut the quantity of ^s is variable and can be 
such d^inished* bv repe^ed treatment with 
ry 01,tne CafOH), is not tnerefore an cssentiq} 
'art of flv oleaohin^ compound (v. Kopfer, 
h J’. [2] 18,713; O’Shea, 0. J. 43,422; Lunge a. 
‘o^appi, D. P. J, 289,63). That CaCl, is not 
resent as such in bleaching powder is shown, 
y the faefs that it is not deliquescent, that 
men treated with small saooesslve qnantities 
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of water the first washings bontain mnoh less 
Cl than would be the case were CaCl, present in 
the liquid, and that in the presence of a little 
moisture almost the whole of the Cl can be re¬ 
moved from bleaching powder by the action of 
CO, (Lunge a. Schappi, D. P, J. 237, 63; t>. 
also Lunge a. Kaef, B. 16, 840). 

• Tl|e composition CaO.Cl, assigned by^dp* 
ner to the bleaching oompound ^ bleaching 
powder was disproved by the experiments of 
Kopfer (C. J. [2] 13, 713), who showed ^at 
when an extremely dilute mineral acid (HGl, 
HNOj, or H2SO4) is added to a solirtion of bleach* 
ing powder, in quan^tytsuffleient to saturate all 
the lime and the Ga(O01), present'—oaloulated 
dll the assumption that the active (bleaching) 
Cl exists as Ca(OGl),~attd the liquid m distilled, 
almost the tlreoretical quantity of HCiO if 
; obtained in the distillate. The formula 
Ca.OH.OCl given to the bleaching compound by 
Stahlscbmi|t*assigns a limit to the amount of 
q^tive Cl, i.e. Cl available for bleaching, in the 
|)ow(ler : Stahlschmidt represents the formation 
ob the bleaching powder thus—•Ca(OH),'<■ 201, 
« 2Ca.OH.OC^ CaCl, + 2H,0. The strongest 

bleaching powder cannot therefore contain more 
than about 33 p.o. of available Cl; but Lunge a. 
Schappi (Z>. P. J. 237, 63) prepared bleaching 
powder containing 43’4^.o. available 01. More¬ 
over, according to Stamschmidt’s view, when 
water acts on bleaching powder, the reaction is 
2Ga.OH.OCl» CafOH),-f CaO,Cl,; therefore no 
bleaching powder can be represented as con¬ 
taining CaO,Cl, and CaCl, in a greater ratio to 
C(^OH), than 1:1:1. Now O’Shea (C. /. 43,4221 
determined the ratio of Ga(OGI), (supposing all 
available Cl to exist in this form): CaGi^:Ga(OH), 
in six samples of bleaching powder made from 
pure CafOH),; in 2 out of the 6 samples 
the ratio was 3Ca0,CI,:3CaGl,:20a(0H),. Finallv 
O’Shea removed any CaCl, present as suca 
from various samples of bleaching powder, pre¬ 
pared from pure Ca(OH), by repeated treatment 
with alcohol, and determined the total CaO, the 
total Cl, and the available Cl, in the residue, 
in the bleaching oompound; thi results in 
every case were—(1) CaO; total 01«1:2; (2) 
available 01; total C18i]42; (3) CaO: available 
01 - 1 : 1 . , 

Stahlsohmidt’s formula Ca.OH.O01 requires 
for (1) the ratio 1:1; for (2) 1:1; for (8) 1:1. 

Gay-Lussao’s formula CaO,01, requires for 
(1) the ratio 1:2; for (2) 1:1; for (8) 1:2. 

OdUng’s formuHl Ca.OCLCl requires for (1) 
the ratio 1:2; for (2) 1:2; for (8) 1:1. 

The experiments of Kingzett already referred 
to {v. supra) showed that when water acts on 
blcjfthing powder CaO,Cl, is contained in the 
solution. There can 4)e little doubt that the 
formula Ca.OCl.Cl better expresses ^e com¬ 
position and properties of the bleaching oom- 
poun(L in bleaching powder than any other 
formma yet suggested; and that Uie leaotion 
which odbuw when water is added to this com¬ 
pound i82Ca.OCl.Cl + Aq - OaO,Cl,Aq + CaCi,Aq. 

U. OHLORpus ACID AKP Chporites. HC10,Aq; 
MClO,. Chlorous acid is known only in aqueous 
solution; it is indeed doubtful whether even a 
solution of HCIO. has been obtained free from 
HCIO;,. KCIO, may be prepared by adding an 
aqueous solution of 010, of known itrenm to 
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Ibe proper ^oantity of EOHAq, evaporatiog at 
45^^50^ in vacuo, separating from EGIO, wmob 
orystallieea ont, repeating the evaporation and 
separation of £CIO|, then adding alcohol to the 
mother liquor, evaporating in vacuo, and col¬ 
lecting the second crop of ci^stale which form 
(Qarzarolli-Thumlackh a. J. Hayn, A. 209,203). 
H^O^q copld not be obtained by the action of 
aoias on this salt. When the gas obtai^l^d by 
acting on EGIIO, with HNOjAq and As^O^ is led 
into water, a yellowish-red acid solution is 
obtained, which on warming, or on exposure to 
sunlight, contains HCl and HClOg. This solu¬ 
tion when freshly prepared is generally supposed 
to be HClOgAq; but the Experiments of Garza- 
rolli-Thurnlackh (v. CIilokine tbioxidb) render 
it almost certain that the gas obtained as above 
is a mixture of CIO, and 01^ and that the 
solution contains both HCIO, and HCIO,. 

The solution prepared as described reacts 
with many metals; e.g. Eg fprma an oxy¬ 
chloride, Gu a mixture of GuCL and Cu(C10,h, 
Zn and Pb form chlorides and probably chlorit^, 
and finally cldorates; with the lower salts of 
Sn, Fe, Hg, So., the solution reacts to fo^m 
higher salts of these metals ; As^O-gAq is not 
oxidised to ASjO^Aq; HGl decomposes the 
solution forming Ci and H^O, VlIAq gives HCl 
and I; HNO^q is oxidised to HNO^q; SO^Aq 
is oxidised to HoSO^Aql^ According to Brandau 
(A. 151, 840) if the gas supposed to bo Cl,0, is 
led into H3O at O’’ a solid hydrate of HClOj is 
obtained; when pressed between paper the 
hydrate is a lustrous mass remaining unmelted 
at 10*’, and volatilisable without residue. Two 
specimens gave 50 and G7‘5 p.c. water rcs^o- 
tively. 

Chlorites. Very few of these salts have 
been prepared. Potassium chlorite, ECIOj, 
prepared as above described, forms needles, 
which deliquesce after standing some time in 
the air. The silver and lead salts, AgClO^ and 
PbfClO,), are obtained by adding AgNOjAq and 
Pb(C3^0,)2Aq respectively, to KOlO^Aq. AgClOj 
crystallises from hot HjO in greenish-yellow 
scales; it is %Iowly decomposed in direct sunlight; 
SOjAq rapidly reduces to AgCl; dilute H.^SO,Aq 
evolves a gas the coloqr and smell of GIO^. 

■ SClOgAq quickly oxidises FeSO,Aq; ECIO, 
mixe^ S aAd rubbed ignites the S. 

Pb(C10^t after washing with hot H^O forms 
greenish-yellow scales; slightly soluble in hot 
H3O; reactions similar to those of EGIO,;* 
soluble in EOHAq. This solution is reduced by 
SOjAq to PbSO^ and PbCljAq (Gafearolli- 
Tbumlackb a. J. Hayn, A. 209, 203). • Millon 
(i. CA. [8] 7, 2985 described Ba(C10,), and 
SrjciO,)} as very soluble salts; probabl^^ the 
salts contained Ba and^rlGlO,),. 

III. CuLOBioxomAim Chlobates. HC10,Aq; 
MGIO,. An aqueous solution of HCIO, is 
formed when G10,Aq is exposed to sunlight, or 
is heated. EClO, and NaOlO, are produced by 
electrolysis of ECIAq and NaClAq respectively: 
carbon electrodes are employed (Lidoft a. Ticho- 
mirofi,5. 1882.341). ^ t 

Preparation. —1. BafClO.}, is obtained by 
dissolving 8 pts. crystsliised (KHJjSOf and 3 
pts. KCiO, in 16 pts. hot H,0, evaporating to a 
thin syrup, digesting for a dajpat a gentle heat' 
with alcohol (80 p.o.}, filtering from E,SO„ 


adding BaO^j, evaporating, and crystallising < 
(Wittstein; v, also Bdttger, A, 57, 188). A 
weighed quantity of the crystals oi BafClO,), is 
dissolved in H,0; a quantity of dilute ^SO^Aq 
exactly sufficient to pp. all the ^a as BaK^^ is ^ 
added,little by little; the liquid is filtered~tho 
filtrate mpst give no pp. either with BaOAq or 
HoSOfAq—an^. filtrate is sooncentrated in 

vacuo over^HB04.-7-2. Hbt KC10,Aq is decom¬ 
posed by excess of £[,SiFuAq; after cooling, the ’ 
liquid is filtercj^ from E.B^« and evaporated 
over H^SOf and KOHin vacuo the excess of 
HjSiF, volatilises and HClOsAq remains. 

Properties. — By evaporation in ^acuo of 
dilute HClOjAq, a somewhat oily, colourless, 
strongly acid, liquid is obtained, with S.G. 1*282 
at 14^; according to Eammerer this liquid con¬ 
tains HClOa and H,0 in the rati(5 HC10,:7H,0; 
the same chemist say^ that if this liquid 
Trains longer in vactio, sudden evolution of Cl 
and 0 occurs, and HC103.4^H^0 remains (P. 
138, 390). The strongest solution of HCIO, 
does not solidify at — 20^. HC10,^q reddens lit¬ 
mus paper and then l^eaches it; paper or linen 
soaked in fairly corve. acid and dried takes fire. 
Heated to about 40*^ the solution decomposes 
into HClO^Aq, CI, 0, and HjO (Serullas, A. Ch. 
45. 204 a. 270). Thomsen gives these thermal 
values [H,Cl,0»,Aq]» 23,940, but [01^0^A4] 

= -20,480; [HClO^Aq, KOHAq] = 13,760. The 
affinity of HClOa-Aq is equal to that of the 
strongest acids (v. AFriNiXY, iol.C. pp.,82, 83). 

Reactions.—1. Zinc and iron dissolve in 
HCIdjAq with evolution of H.-t'2. Iodine is 
oxidised to HIO,Aq. — 3. Oxidisable oxygen 
compounds are converted into higher com¬ 
pounds, SOgAq gives H^SO^Aq, Cl, and H,0; 
HaPOjAq gives HjPO^Aq.—4. Chlorhydric acid 
forms H,0 and Cl.—6. SulpiiureUcd hydrogen 
produces HiS04Aq and S. — 6. iodine gives 
HIOjAq; bromine only’•traces of HBrO'jAq 
(Kammerer, P. 138, 399) -7. By electrolysis 
IICIOjAq yields fi^t HulQi4.q,^ and then Cl 
(Buff, A. llOs 5fr7). — 8. ^Heated above 40® 
HClOjAq decomposes in/o. Cl, 0, H,0, and 
HClO^Aq. 

Chlorates. HC10,Aq acts as a monobasio 
acid. Normal chlorates are all soluble in water; 
KClOj is less soluble than the others. Ghlorutcft, 
may be prepared by aotAig on Ba(C10a)3Aq with 
the sulphate of the metal whose chlorate is 
required; many are also obtained by the action 
of the metallic oxide, or carbonate, on HClO^Aq. 
Chbrates eaSIy part with their*Owhen heated; 
they act therefore as oxidisers (v. Potassium 
chlorate). • Aqueous solutions are not, however, 
very ea||ly reduced«(e.^. HjS^bas no action); 
boiled with P, chlorides are formed (Slater, 
J.pr. 60, 247); o||loratdl in solution aretalso 
reduqed b^ Zn and dilute H^SO^Aqaand by a 
|Gu-Zn couple. Fusible chlorates detonate when 
rubbed wito easily combustible llbd^s, e.g. S or 
Sh.S,; sometimes vioUgit explosions occur. 
HjSOiAq decqjDposQB ohlofates with evolution 
of CIO, and Cl; «CIAq evolves enchlorine, 
f^hich is a mixture of 010, and Cl. • Solutions 
of chlorates do not bleach; additieft of a little 
SO,Aq liberates Cl and bleaching occurs. 

Ammonium chlorate. NH4.CI0,. By adding 
NH,Aq, or (NH,),CO,Aq, to HaO,Aq; or 
(NHJ,OD,Aq to Ba(OlO,),Aq and filtering; ot 
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KClO^Aq and l^tering; the so¬ 
lution in each case*is evaporated, the salt sepa- 
lates in needles. Solnble in H^O, and alcohol; 
luUimM somewhat above 100'^; at higher tern- 
pejkure decmposes to Cl, ^,0, and H,0. 

• Barium chlorate.—By adding Bal^Aq, or 
BaCOj, to HClOjAq. Thompson (A M. [3] 81, 

510) mixes sdutions*, each im Ae minimum of 
water, of 122 parts. EGIO, an4 167 parts 
NH4.H.C4H40„removesK.H.C4H,OB,add8 alcohol, 
filters, dtoomposqs the NH^.QlOiAq by boiling 
with freshly ppd. 13aCO„ filters and crystallises. 

(t;. also Bditger, A. 67, 138; Brandau, A. 151, 

361; Belly a. Merz, D. P. J. 163, 358). Crys¬ 
tallises in 4-sided plates. S. (0°) 22-8; (40®) 

.62’1; (116®) 195; (135®) 287-4; (146^) 305-6; 

(180®) 522-6 tXilden a. Shenstone, T. 175, 23). 

Calcium chlorate. Ca(C103)2. Prepared like 
Ba(C10,),. Very (^liquescent and dlfficuli^ to 
crystallise. 

Copper chlorate. Cu(C10,),.6H^0. By dis¬ 
solving CuOjp HClOjAq and evaporating. Green, 
deliquescent, octahedra; soluble in alcohol; 
decomposed at 100® prebably forming a basic 
salt (Wiichter, A. 52, 233; v. also Casselmann, 

Fr. 4, 24). 

Lead chlorate. Pb(C10,)j. By saturating 
HClOgAq with PbO, and evaporating; hot 
solutions deposit rhombohedral deliquescent 
Pb(ClO,),.H,0 (Wachter, A. 62, 233).i 

Magnesivtn ehlorate. lf[g(C10,)2. Obtained 
as, and'closely resembles, Ca(C10,),. 

Mercury* chlorates. (1) HgClO,; columnar 
crystals, soluble in H^O and alcohol; by dissolv¬ 
ing Hg^O in HC10,Aq; heated, gives HgCI, Hg, 
and 0. (2) Hg(C10,), crystallises from solution 
of HgO m warm HClO^Aq in needles. S. (about 
15®) 25. Pecoitiposed by heat to 0, HgCl, 

HgCl„ and fi little HgO. 

*iPota8sium chlorflte. ECIO,. By passing Cl 
into warm q;iilk of.lime containing ECl, and 
crystallising from the more soluble CaCl,; 
purified by recrystallisatidb, cor by rubbing 
with wftter to a j|^k cream, and washing with 
EjO until KCl Is removed (v. Lunge, D. P. J, 

189, 488; Hunt, B. 5, 229). White, pearly, 
moDoclinio plates. S.G. 2-36 (Kreraers, P, 97,1; 

99, 26). S. (0®) 3-3; (15®) 6; (35®) 12; (60®) 

19; (76®) 36; (101-9P«B.P.) CO. S. (120®) 

78*7; (136®) 98*9; (160®) 148; (190®) 183 
(Tilden a. Shenstone, T. 175, 23), S.G. of 
KC10,Aq at 19*6° (Kremers, P. 9^ 02; Gorlaohf 
Pr.8,290) 1 p.o. KC103 = 1-007-'2 p.c. k014; 

3 p.o. 1-02; 4 p.o. 1-026; 6 p.o. 1033; f p.o. 

1039; 7 p.o. 1-646; 8 p.o. 1^052; a p.o. 1-059; 

10 p.o. 1-066. s. (aloohol)*%8 follows :9G6rardin 
A CA [4] P, 129). ,• 


19 


M.P. about 360® (Camelley, C. J. [2] 18, 277), 
Heated to about 400® evolution of 0 begins; if 
the temperature is not increased, evolution of 0 
ceases when £G1 and ECIO4 are formed (v. Feb- 
cuLORio ACID; Preparation, p. 20); if the tempe¬ 
rature is increased the whole of the 0 is removed 
and KCl remains; when the temperature is lower 
ithamthat at which KCIO4 is decomposgi the 
^reaqaon approximates to that represented by the 
equation 8KC10,«6KCi04-h3KCfi-h20, (Teed, 
C. J. 61, 283; Frankland a. Dingwall, C. J. 61, 
274). If ^ pt. ppd. MnOa, FejO„ CuO, or spongy 
Pt, is mixed with KClOg.O is evglved at a much 
lower temperature; ab^ut 110®-i20° withFeP,, 
200®.205® with 230®-235® with CuO, 

j^60®-270® with Pt black. The more finely divided 
the CuO the lower is the temperature at which 
evolution of«0 begins; the temperature is 
lowered by so little as g^th part of very finely 
divided CuO, MnO,, or Fe^O„ but the greater 
the quattit> of the foreign body the more rapid 
is the evolution of 0 (Mitscherlich, P. 66, 220; 
uiedorhold, P. 116,171; 118,186; Baudrimont, 
Ph. [4] 14, 81 a. 161). KCl^jis an energetic 
oxidiser; mi^ed with easily oxidised bodies, e.g. 
S, P, Sb^Sj,, and heated or rubbed, or sometimes 
even exposed to direct sunlight, explosions occur. 
Charcoal, S, So, Sb^S,, finely divided Fo, As, very 
fine Gu, &c. dropped on to molten EC10„ burn 
with production of nAoh light (Bottger, A. 57, 
138). Cone. KClOjAq boiled with P produces 
KClAq, R^UPO^Aq, and iyHPO,Aq: with As, 
KCl Aq and K^HAsO^Aq are formed (Slater, J. pr. 
CO, 247). For the action of acids on ECIO, v. 
^LOBiNE, OXIDES OF; Chlobims PEROXIDE, and 

CULORINB TRIOXIDB. 

liubidkim chlorate. BbClOj. By decom¬ 
posing Bb^SO^Aq by Ba(C10,).iAq. Small tri- 
metric crystals. S. (4-7®) 2-8; (13®) 3-9; (18-2°) 
4-9; (19®) 6-1 (Beissig, A. 127, 33). 

Silver chlorate. AgClOj. A slow stream of 
Cl is passed into H.O containing Ag^ or AgXO, 
in suspension; liquid is decanted from AgCl and 
is again treated with Cl; after standing for some 
time at 60®, to convert any AgClO into AgClO,, 
liquid is evaporated at 100® (Stas, &kem. Propcff. 
90). White, opaque, non-deliquescent, trimetric, 
crystals. S.G. 4-93 (Schneider, P. 106,226; 107, 
113). S. (about 16®) 10 -, (about 80®-100®) 60: 
insoluble in alcohol. Deedmposed by ClitoAgCl 
while HCIO4 remains in solution; gives AgCl 
and 0 on heating; mixed with S explodes more 
easily than KCIO,. A double salt KClOa-AgClO, 
is formed by heating equivalent quantities of 
KClO’Aq ana AgClO, to 200® in a closed tube 
(Pfaufidler, C. C. 1862. 849). 

Sodium chlorate. By action of Cl on 
waim NaOHAq; bettor by KC10,Aq + Na^^SiF^Aq. 
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S. (0®) 82; (40®) 128*6 ^(lOO®) 204 (Kremere, P. 
97,1; 99, 26). S. (alcohol, 89 p.o. 16®) 8 . Be- 
Bcmbles KGlOj. 

Strontium chlorate. Srj 010 ,)i. 8 H 20 . Pre¬ 
pared as Ba(G 10 ,) 3 . Deliquescent needles: 
soluble in aloonol (Souchay, A. 102 , 381). 

Zinc chlorate. Zn(ClO,),. By dissolving 
ZnClO, in HC10,Aq, or decomposing ZnSiF, by 
KOlOjAq (Henry, J. Ph. 25, 266) 
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formed. ^Vhen these crystals sao slowly 


heated HGIO 4 distils over, hut alter a time the 
liquid containing 72*4 p.o. HGIO 4 is formed in 
the retort, and coming into contact Vit^the 
HGIO4 forms crystals of HC104.H|0. ^ 

Properties .— HCIO4 is a colourless, oily, vola^ 
tile, liquid^; S.<?. 1*782 at 16®. Fumes strongly 
in moist air.^" Very ea^ly uriSergoes decom¬ 
position wHh expjpsiqp,* even when kept in ^ 


TmIHuiK chlorate. By adding TlNO,Aqto j glass bulbs in the dalk. Gannot be distilled 
KGlOjAq; the solution is decomposed by heat ' <?ko . 

and on evaporation TGIO 4 separates out (Grookes, 

C. N. 8 , 196). A chlorate of ytterbium was 
obtained by Popp {A. 1?1,179). 

IV. Prbghlorio a£!id *and Perchlorates. 

HCIO 4 ; MCIO 4 . Mol. w. unknown for either tlje 
acid or its salts. 

Stadion {0. A. 62, 197 a. ^839) prepared 
potassium perchlorate by the action of H^SO^Aq 
on KGIO 5 ; he obtained the acid by decomposing 
the new salt by H.SO^Aq. Serullns (U. Ch. [2J 
46, 270; 46, 294 a. 323), prepared the sanie 
perchlorate by heating KCIO, until the melted 
mass became ^emi-solid. The acid has bepn 
investigated by Boscoo {A. 121, 3^6). 

Formation.—\. By heating HClOaAq, 0 and 
Cl being also evolved (Serullas, Z.c.).—2. By the 
electrolysis of GlAq, or HClAq (Riche, G. li. 46, 

348).—3. By electrolysis of KClOaAq, with Pt 
electrodes, ozone is eWved and KCIO 4 and 
traces of KCl are formed (Lidoff a. Tichomiroff 
J. R. 1882.341).— 4. By adding ozone to HClOAq 
Fairly {B. A. 1874. 58). 

P^^aration.—l. KC 104 i 8 prepared by fusing 
EGIO, until the liquid mass becomes pastv; 

2KCIO, = KCIO 4 + KCl -» Oj. Marignac (J5. J. 24, 

192) says that when 6 | litres 0 are evolved from 
100 gramsof KCIO 3 the residue contains 65-66 p.c. 

KOIO 4 . The fused mass is repeatedly digested 
at 100® with cone. HClAq, to decompose KCIO,; 
the residue is dissolved in the smallest quantity | 
of boiling HjO; the crystals which separate on ! 
cooling are again digested with HClAq at 100°, ; 
and crystallisation is repeated from boiling | 

water. Pure KCi 04 gives no yellow colour on ’ - -• ^ - - -- 

digestion with cone. HClAq. One part KCIO, : forming one series of salts, MCIO 4 or M“(C 104 )j; 
is distilled with 4 parts very cone, pure ]^S 04 1 a few basic salts are also known, e.g. BiO.ClO, 


without decomprsition; at 75® chai%e begins; 
at 92® white olouds come od, and a yellow gas 
smelling like GlOg, also a few dro($b of a liquid 
resembling Br; at a higher temperatute violent 
explosion occurs; the residue soUdihes to while 
crystals with 87*76 p.o. HCIO 4 (Rc^scoq). H01O« 
is an extremely powerful oxidiser^ one drop on 
charcoal, paper, wood, cko., produces combustion 
wVh violent explosions. >. drop falling on to 
the skin produces a severe wound. When the 
hydrate HCIO 4 .H..O (t>. \)ombvnations^ No. 1) is 
distilled under ordinary pressure nearly pure 
HCIO 4 passes over at 110®. The temperature 
then rises until 203® is^reached, when it becomes 
constant, and a heavy oily liquid, exactly re¬ 
sembling cone. H 4 SO 4 , distils over; the same 
liquid is obtained *by distilling HCi 04 Aq until 
203° is reached. This liquid contains 72*1 p.c. 
HCIO 4 , and does not correspond to a definite 
hydrate (HCIO 4 . 2 H 3 O =» 73*6, HC 104 . 8 H .,0 = 

65*05, p.o. H,0)(Ropcoe,f.c.; v. alsoWeppen, A. 
29,318). “ * 

Beactiom and Combinations, —1. HCIO 4 
comftnes with water with a hissiifg sound and 
production of much heat; Berthelot gives 
[HClO^Aq]« 20,300 (.4. Ch. [5] 27,214). If water 
is added little by little, crystals of the hydrate 
HCIO 4 .H 3 O are obtained; these melt at about 
50®; S.G. (liquid) 1*81 at 6 (J®; d^omposition 
into HCIO4 and HC10«.a;H.0 begins at 110®.— 
2 . IIC 104 Aq is not reduced by HjS, SO^f or 
HNO.Aq, nor by any kno^n sub^itance accord¬ 
ing to Berthelot [2] HCIO 4 A 4 

dissolves Zn and Fe with evmution of H. 

Perchlorates.—HCIO 4 if - a, monobalio acid 


so long as the distillate solidifies in the receiver; 
the cryst^Uine distillate is melted, poured into 
a smadl retort, anif gradually heated to 110 ® 
‘♦%hen yellowish fumes come off and a brownish- 

_,1__ _-J rpUJ- .*« 


yellow distillate is formed. This distillate is Isicm chlorate), or by HjS 04 Aq, or by HNOgAq 


redistilled very slowly and cautiously, heating 
being stopped whenever crystals begin to form 
in the neck of the retort. The distillate Is pre- 
■ served in small sealedglass bulbs.— 2 . 606 grams 
KGIO, are boiled with the H.SiF^Aq prepared 
from 1000 grams CaF,; after cooling, •the 
^SiF, is filtered off; tl^ solution of HCiO,Aq 
is heated until white fumes of HCIO4 appear; 
the liquid is then slowly distilled from a retort; 
the distillate is freed from HClAq and H^ 04 Aq 
by shaking with AgC 104 and Ba(C 104 )j, mtered, 
. and again distilled. From this HClGfAq, the 
pure aoid may be obtained by distilling with 4 
volumes cone. H,S 04 , and rectifying as Ascribed 
in 1 (Roscoe, A. 121,346). 

Tne first product of the action of H 3 SO 4 on 
KCIO. is nearly pure HCIO 4 ; Jhis is succeeded 
by a liquid containing 72*4 p.{i|SGl 04 , when this 
drops into the receiver crysulg of HOIO 4 .E 2 O 


These salts are prepared by the action of HC 104 Aq 
on metals, oxides, or carbonates; or by the d 6 -‘=’ 
composition of Ba(C 104 )f&.q by sulphates; or by 
the decomposition of chlorates by heat (v. Potab- 


(Ponny, A. 37^ 203). The perohlprates are gene¬ 
rally easily soluble in water; KCIO 4 is one of 
the least soluble of the salts. They are iso- 
morphous with the perraangapates. They are 
decomposed by hear into chlorides and 0 , or 
into oxides, Cl, and 0, biftat higher temperatures 
than chlor^es. W4en KOIO4 is healed so As to 
evolve only a part of its 0 , some KClO^s formed 
^Frankland a. Dingwall, C. J. ^78; Teed, 
C. J. 61, 283). ^ono. KS 04 *form^ HCIO4 at 
100®; cone. HClAq doesifet act on perchlorates 
at 100°. Solutions,, of pefohlorates are very 
siowlv, if at all, redact by reagenft which 
iladily reduce chlorates* ^ * 

The following perchlorates hav% been pre¬ 
pared: NH4.CIO4 (Rosooe), isomorphous with 
KCIO 4 ; Ba(C 104 )a(Groth,P, 133,226; Potilitlin, 
C. 0, 1887.1218); Cd(Ci 04 )j, very tfWiquesoeat 
(Serallas. A, Oh, [%] 46, 270; 46, 294 a. 828); 
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' Capo,),, very deliquescent (Serullas, Ic .); 
CajOlO,),, large, bfue, deliquescent crystals 
(Sernllas, Bosooe); Fe(C10,)„ long colourless 
need^B, stable in air (Serullas); Fe(010,),.3S[,0, 

S eemsh, very^deliquesoent, crystals (Boscoe); 
n(C10,)„ deliquescent, not obtained in crystals 

(Serullas); HgCIO,, non^deliqffesoe^ needles 
*• " ‘ - - - - 


alcohol; itgClO, (Serullas); NfcClO, (Penny, A. 
37, 203); '^10, decomposes in moist air 
(Crookes, C. W. 8,196); Zn(C10,), deliquescent 
Ufedies. ' M. M. P. M. 

CHLOBIKS, SULPHIDE OF, better called 
Sulphur (Stlotide; v. Sui/Phua. 

CHLOBIT^S — Salts of Chlorotu add, v. 
ChX/OBINB, 0XT-A0n>8 OF, p. 18. 

GHLOBO'. Use Af this prefix applied 
organic compounds ; for,Chloro- compounds and 
Ohloro’ salts v. the element the chloro- com¬ 
pound of wbi^ is sought for, or the salts to the 
names of whi^ Chloro^ is prefixed. Thus Chloro- 
'phosphAde of nitrogen will be found under Ni¬ 
trogen, and Ohloro-platinate of potassium under 
Platinatbs. 

CHLORO-ACETAL v. Cbloro-acbtic ALnEniDE 
and Chloral. 

CHLOBO-ACETAMIDE v. Guloro-aobtic acid, 
and Aceto-chloro-auidb, vol. i. p. 6. 

CHLOBO-^ETASCIDO- ta Chloro-auido-. 

CHLOBO-AeTANILIDE V. Ghloro-aniline. 

F-Chloro-aoetanilide o. Aniline, vol. i. p^274. 

. CHL0B04CETENE. Is merely a mixture of 
aldehyde, paraldehyde, and COCl, (Kekuld a. 
Zincke, A. 162,141; cf. Harnitzky, A. Ill, 192). 

CHLOBO. ACETIC ACID CJI.CIO, i.e. 
CH,C1.C0,II. Md. w. 94-5. [63°]. An unstable 
modificationi(62T (Tollens, B. 17, 664). (186°). 
S.(?. If 1-366. / ^ / 

formation. —1, From ethylene and chlorine 
peroxide (Fiiast, J5. 41, 2188; A. 200, 78).—2. 
xogother with AcQ^ by the*aqtion of chlorine on 
acetic ^hydride (Gal, A. 122,37t).—3. By pass¬ 
ing chlorine iqt'srfwcetyl chloride mixed with 
iodine and decomposing the product with water 
(Jazukowitsoh, Z. 18C8, 234).—4. Chloro-acetyl 
chloride is formed, together with di-chloro-acetyl 
chloride, by boiling AcCl (40g.) with PCI, (200g.) 
lor some weeks (Miohall, J.pr. [2] 35,95). 

Br^ratum. —1. Dry chmrine is passed into 
a retort containing acetic anhydride heated toJ 
100°, dry acetic acid being simultaneously ma 
m. The acetyl chloride which is formed 
, {OH,.CO),0+Cl,=CH,01.CO,H + CH,.CO;Cl 
•18 at once reconverted by the acetib acid into 
anhydride, which is again attacked by the chlor- 
me, and so on, so that*a small quantity of an- 
nydftde s^ces for the ohlOrinatiop of a large 
quantity*! aortic acid. When the absorption 
of the cblwrinn slackens the mixture is fraotioi^ 
ally distilftd {flbntsohel, B.dl, 1286; cf. R. 
Hoffman, A. 102, 1^2. By passing chlorine 
twough^a heated mixturquof 6^g. iodine and 
oOO 0.0. nearly glacial acetic acid S.G. l'06fi. 

* product oBntains a little iodo-aoeuc 

acid (Hugn Muller, 0 . 17 , 398 ). 

trimetrio tablets or , 
edles. Blisters the ikin; nearly inodorous. J 
V. Ml. wsUr, with absorption of haat; 1 

Aiocfioni.—4, WdUr ^owly oonveits it isd 


heating into glycolUo acid (Buchanan, B. 4,840, 
863). Caustic ^tash acts similarly, while baryta 
forms di-glvcollio acid O^HgO, (KekoU, A. 106, 
288; cf. Schwab, B. T. C. 2, 46).—2. Chloro- 
acetic acid (lOg.j boUed with PCI, (88 g.) yields 
tetra*ohloro-ethylene and other bodies (Michael, 
Am. 9,216).—3. Sodium-amalgam partially re- 
ducesoit to acetio acid.—4. By heating^ith 
dime4hylaniline it is broken up into methyl 
chloride and CO,; this decomposition is pro¬ 
duced by the intermediate formation of the 
body PhMe,ClN.CH,.CO.^, which splits up Into 
COjj, CHjCl, and djunethylaniline (Silberstein, 
B. 17,2061). , . ' 

Salts.—KA' l^aq: laminre, v. sol. water but 
■ot deliquescent and not dehydi-ated at 100°, but 
converted into glycollic acid at a higher tem¬ 
perature. Th» same change takes place when 
its aqueous solution is evaporated even below 
100°.—KHA',: small pearly crystals, si. sol. 
water.—^BoAjaq: prisms. Decomposed but 
^ghtly when its aqueous solution is evaporated, 
and separates almost completely on cooling a 
het saturated solution.—AgA':#pearly scales; 
detonates at 140°-120°. 

Methyl chloro-acetate CH,CI.CO,Me 
(130°) (Schreiner, A.197,1). V.D. 3-71 (for 3*74). 
S.G. ^ 1-22; i2 1-235 (Henry, C. R. 101, 260 . 
S.H. ’389 (R. SohilT, G^17, 280). Prepared by 
passing HCl into a solution of chloro-acetio acid 
in MeOH (Henry, B. 6,743) or from CH,Cl.CO.CV 
and MeOH (P. J. Meyer, B. 8, 1162). InsoL 
water. Converted by ammonia into chloro* 
acetamide. 

^Chloro-methyl ether CH,Cl.CO,.CH,Cl. 
(197'’). S.G.'I? 1-322. From CHjCl.CO.Cl and 
glycolic chlorhydrin (Henry, C. R. 97,1308), 
Ethyl ether CHaCl.COjEt. Mol. w. 122k 
V.D. 4-24 (calc. 4-23). (143°) (Schreiner, A. 197, 
1); (144-6°) (Schill, A. 220, 108). S.G. 
l'15b6 (Briihl, A. 203, 21). S.H. -401. 
1-428. 43-61. S.V. 123-1. 

Formed by mixing chloro-acetyl chloride 
with alcohol m tho cold (Willm, A. Ch. [3] 49, 
97; A. 102, 109); or by heating xhloro-acetio 
acid (200 g.) with alcohol (120 g.f and HgSO^ 
(26 g.) for 6 hours at 100° (Conrad, A. 188, 218). 
Oil with ethereal oaoUT. With ammonia it 
forms chloro-acetamide. 4t unites witj^ Me,S 
at 100° forming the hydrochloride of di-methyl- 
thetine (Crum Brown a. Letts, Pr. E. 28, 6^). 

Chloro-acetio ether (2 mols.) heated with (1, 
8, 4) tolylene-diamjpe (3 mols.) at 100° forms 
oxy-toluquinoxalino dihydrido thus : 

• 80,IJ,Mo(NH,),+2CH,a.OO,Bt 

Wh^, however, chloro-acetio ether (2 mols.) 
is heated with a smaller quantity (1 mol.) 
of tolylene-diamine at 1(}0° a compound 
C„H„N,0, [147°] is formed; it may be 

(Hinsbetg, A. 

237, f6i). * , 

OiAro-ethyl e<A«rCHjCI.COj.CH,.OH,C!L 
(198° uKor.). S.G.!!“ 1-322. From ohlotw 
acetyl chloride and glycolic chlorhydrin (Henry, 
0. R. 97, l^SW Also from ethylene and OLO 
/Mulder a. B. 11,1968). 

' Pr(mymiM$r OH,aOO^. (161°) (Sohiei. 
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cer, /. 197.1). 8.Q. • 1-11 (Henry, J. pr. (2181, 
127). S.H. -422 (Sohiif, G. 17,486). 

n-Butyl ether CH,Cl.COAH,. (175®). 
8 .G. 21-103; 14 1-081. V.D. 6-1 (Gehring, Bl. 
P]46,146; C.jB. 102,1399). 

Itoamyl ether CH^Cl.COaOjH,,. (190®). 
S.G. 21*063 (Hugounenq, Bl. [2] 46, 828). 

si^ Octyl ether CE,01.00,(^4®). 
S.G. 12 *990. From octyl alcohol of castor oil 
(Gehring, 0. A. 104,1000). 

Phenyl cfher CH^ClOGaPh. [40®J. (230®- 
236®). From phenol and chloro-acetyl chloride. 
Needles (Prevost, J. pr. [2] 4, 370). 

Benzyl ether CHJ9hA| (148®) at 9mm. 
B.G. 41-222. 

Chloride v. Ohloro-aoetyl chloride. r 
A mid e CH^Cl.OO.NH.,. Chloro-acetamide. 
[119®] (Menschutkin a. Jermolajeft, Z. [2J 7, 6); 
[116®] (Bauer, A. 229, 166). (225'^). S. 10 at 
24®. 8. (alcohol) 9‘6 at 24®. From chloro-acetio 
ether and aqueous or gaseous NH,, fjr from 
Qhloro>acetyl chloride and dry ammonia (Willm^ 

A, Ch. [3] 49, 99). Thick monoclinio prisms or 
flat plates (fronralcohol). Its aqueous solutioij 
after treatment with HgO deposits slender 
needles of Hg{NH.CO.CH,Gl).,. AJcoliolic KCy i 
forms 0„H,sClsN.Oj (?) (Schifl a. ppeciale, O. 9, 
885). Br and KOHAq give chloro-mcthyl. 
chloro-acetyl-urea CH.C1.NH.CO.NH.CO.CH.C1. 
(Wallach. A. 184, 30). ' 

Anilide CH^Cl.CO.NPhH. [134®]. From 
aniline and ethereal CH,Cl.COCl (Wallach a. 
Kamensky, A. 214, 221; Tommasi, Bl. 19, 400; 
Cech, B. 10, 1376; Moyer, B. 8, 1162). Crys- 
tollises from benzene. When treated with PC), 
it gives oil HOI and forms a base whose hydro* 
chloride is insol. water, benzene or ether, but 
crystallises from alcohol in long yellow silky ; 
needles which appear to be C,8H„CIH,HC1. 

p-Toluide CH,Cl.CONHCaH,Me. [162®] 
(Meyer; Tommasi, C. J. 26, 911; 27, 628). 

CH,C1.CN. (124®). S.G. as 1-193. 
Y.D. 2 62. From the amide and P^O,. The 
yield is 60 p.c. of the theoretical (Bisschopinck, 

B, 6,732; Engler.B. 6,1003; Bauer, A. 229,105). 
Bi - chlor^. acetic acid C,H.,CLOa i.e. 

CHCUCO,H. (190®). 8.0.14 1*622. 

Formation. —1. Bv the chlorination of acetic 
or of chloro-aceiic acid (Mauinen6, Bl. [2] 1, 417). 
9* By tHe action of Aqueous EGy upon chloral 
(Wallach, A. 173,295). 

Preparation. —By boiling chloral hydrate ! 
(60 g.) with water (250 g.) and K^FeCy^ (84 g.); j 
the TesaUiog potassium salt (being extracted by 
alcohol (Wallach, B. 9,1212; 10, 1526). * 
Prqi^fies.-^Corrofive liquid; solidifi^ be¬ 
low 0®. 

ReacHons. —1. Converted into glyoxylio aaid 
by heating with moist Ag^O. The same reaction 
it slowly effected by water at 100®, and by 
alkalis (Beckurts a. Otto, B. 14, 683). 

SaU8.->EA': lamince (from alcohol).—-AgA': 
prisms, si. sbl. cold water; decomposes'^vio¬ 
lently at 80®.—CaA', 3 aq: needles (from alcohol). 
—Na(UrO)^', (Clarke a. ©wens, B. 14, 35). 
v^Toluidine di-chloro-acctate^ 

C, H,Me.NH,O.CO.CHCl,: [136®]; white needles 
(Doisberg, B. 18,194). 

' ifethyl ether CHCl2.CO,Me. (144®) (Wal- 
laoh, A. 173,299). S.G. i* l-3» (Henry, 0. 

101,260). 8JH ‘322 (Schifl, Q, 17, 286). 


Ethyl efh^rCH04.CO,Et. (167®). S.G.V 
1-2821 (BriJhl, A. 203,22). Ae 1*444. R® 62-19. 
V.D. 6-38 (for 6-42). S.H.-388 (8.). S.V. 143-4. 
Formatiem. —1. Together with glyoxylio dtheL^y 
heating C^Gl, with NaOEt at 1008-160® fdf 18 
hours.—2. By adding chloral hydrate (1 mol.) to* 
potassium ^anlde (1 mol.) in absolute alcohol: 

; cci,.cjfi^oH),+Eton -i^cn 

- CHCI^CO-et HCl^ + j^ci+HjO. Or by gently 
heating chloral c/anhydfin (1 mol.) with alcoholic 
NaOEt (Wallach, aB. 6, 114;«10, ISW, 2120). 
Reactions.—!. Boiling alcoholic ECy gives acetic 
and oxalic acids (Claus, B. 11, 4vG, 1044).— 

2. Silver, or Na, converts it into maleic ether. 

3. Alcoholic EOH gives glyoollio acid (Ciaus| 

B. 14,1066). _ . 

Proyyl ether CHCl,.C02Pr. ^.H. -852. 
Isohutyl ether CHClj.CO^CI^r. (183®). 
9 ^0ctyl etherCHC4 .C(?AHi»* (244®)(Geh- 
ring, C. R. 104,1000). 

Semffl ether CactOO^CHJPb. {179°) at 
60 mm. S.G. * 1-313 (Seubert, B. 21, 281). 

Amide CHCl,.CONH,. [118°] taantzsch a. 
Zeokendortf, B. 20, 1309). (234°). From the 
ether and alcoholic NH„ or from chloral cyan- 
hydrin CClj.CH(OH).CN and aqueous NH, (Pin¬ 
ner a. Fuchs, B. 10,1066). Monoclinio columns. 

V. sol. hot water. It unites with chloral forming 
CCl.,.CH(OH).NH.CO.ClICl., which crystallises 
from water in prisms. PClj converts it into 
CnCl,.CCl:N.POCl, ^Wallach. A. 184, 28). 

Klhylamide CIiGI..COXl/Et.*i;59®]. (226®). 
Converted by PCI, into CHCl,..CC4NEt.P0CL 
(U0®fl50®) and CHC4CCl:NEt'(c. ^63®). 

Awitide CHGVCO.NHPh. [118®]. Foma-' 

; tion.—1. By the action of aniline on chloral in 
presence of KCy or on chloral oyanhydrin (Cech, 

B. 9, 337 ; 10,1265).—2. hVom aniline, di-ohloro- 
acetic acid, and PjO, (C.).—3.*By farming di- 
chloro-acetamide with aniline (C.). Properties. 
Crystalline scales (fromwat^r); si. sol. hot watie^; 
sol. KOHAq and reppd. by qpids. « 

A^itritcCHC^CN. (113®A V.D. 3-82. S.G. 
1'374 (Bisschopidek, B. 6,732). Formed by 
distilling the amide with AbsorDs HCl 

forming a crystalline compound which, when 
heated in a sealed tube at 140®, splits up into 
HCl and a polymeride of dichJoro-acetonitrile 
[70°] (WedJig*j a. Korner, J. pr. [2] 31,176). »- 

i)i-chlorO’‘Orlho‘a%etic ether 
CHCl2.C(OEt).. j205®). Formed together with 
other bodies by neating C^CI, with NaOEt at 
i00®-120®. Decomposed by water. Decomposed 
by N^Et intoTlaCl and di-othyl-glyoxylio ether 
(Geutner a. Brockhoff, J. pr. [2] 7,101). 

Tri-chloao-ae6ti<iacidC,HClj0.i.e.CCl,.CO^H. 
Mol. w. I(i3i. [65°]. ^i95®). B.Q. V.D. 

6-3, Formation .—1. By the ^ction of dry chlorine 
(3 mols.) on glacial <scetio acid (1 mok) in smu- 
shine (Dumas, A. CK [21 73, 75).—2i>By tlie 
otidation of chloral with HCl and ECIO„ and of 
chloral or metachl^ral with fuming £[b£), (Kolbe, 

A. 64, 182).—3. Together %ith CjCl, by passing 
chlorine into Cjpl, under water in sunlight (E.). 

4. From CCl,.CO.Cl, vfhioh is formed by florin* 
athig ether (Malaguti, A.€h. [3] 16,10). 

Preparation. —1. Chloral hydrate (iC6^ pis.) is 
just melted and fuming HNO, (63 pts.; is added. 
The reaction proceeds without application 
heat, and after half an hour the liqCid is frao- 
tioually distilled (De Clermont, A. Oh. [6] 6,135 ; 
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• r5] 2,401 { a R. 78,112,501; 74,942; 76,774; 
81,1270; cf. Torauia’Si a. Meldola, C. J. 27,314; 
Judson, Z. [2] 7,40).—2. Chloral hydrate (105 g.) 
is imxed’with KCIO, (37ig.); as soon as the 

is melied a violent action sets in, with 
frolution of gas, and potassium tri-chlorO'aoetate 
(120 g.) is formed (Seubert, B. 1$. 33^, 3339). 

Properties. Deliijuescenti #rhombohedral 
scales. V. sol water, Its va* 

’ pour is pungent. Markedly exhibits superfusion. 

Reacti9ns.--\. ^ouo. H,SC^ forms CO, CO„ 
and HCI.—2. Both the acid and its salts are 
decomposed 4y boiling with water or alkalis 
into CO,«nd chloroform. Ammonia, dimethyl- 
aniline, and KCy also liberate chloroform (Sil- 
^ratein, B. 17, 2061; Bourgoin, Bl. 37, 403; 
C. li. 94,448)?—3. It is reduced to acetic acid by 
fuming HI at 100° (Clermont), by cloctrolysis 
(K.), or, in aqueous isolation, by (§p.o.) potas¬ 
sium amalgam (Melsens, A, Gh. [3] 10,233).—4. 
NaOEt forms sodium tjhloride, carbonate, and 
formate.—5. KjSOjAqfor CHC^SOsKjCOjKl^aq 
(Rathke, A. fOl, 149).-6. Forms a compound 
with aluminum which is decomposed 

by steam thus : (CClj.C02)2Al2Cl4 + GH2O 
= 2CHCl,-i-2C02+4HCl+Al2(OH), (Elbe a. 
Tolle, J. pr. [2] 32, 624). 

Salts.—KA'aq:loDgslenderneedles. Heated 
with bromine it forms CO2, KBr, and CBrCl, 
(Van H Hoff, B. 10, G78).—KHA'j: octahedra: 
k2C-1 at 0°; 33’75 at 20°(Seubert).—NaA' 3aq. 
On dry distilfttiSn itgive8NaCl,C0,C02,C0Cl2, 
tri-chloro-acotyl chloride, tn-chloro-aoetic acid 
and its aah^ride, and a little CjClg (Heifty, B. 
12, 1844).—NH4A'2aq: [80°]; prisms. Boils 
at H0°-115°, giving off chloroform and am¬ 
monium bi-carbonate, and leaving NH4A', which 
is solid at 160°, but at a higher temperature 
splits up i|jto CO, and COCI2 (M.).— 

NH^HA'.^: octahedra—LiA'2aq : deliquescent 
prAras-TlA'—AgA': laminffi, si. sol. 
water ; explodes , when heated, forming 
•AgCl, CO, CO2, ai^ tri-chloro-acetic anhydride, j 
—Cai^Caq: prismatic necflle%“CaA'2 3Uq.—j 
SrA'jOaq: radiat^oups of prisms.—BaA^2^aq: | 
very thin laminua. — MgA'2 4aq.—ZnA'j 6aq : 
lamin®.—CuA'jOaq (Judson, B. 3,782).—HgA'^: 
prismatic needles.—Hg.^A^^: small needles, si. 

• sol. water.—PbA'jaq: large prisms,?, sol. water, 
b 1. sol. alcohol. • 

Methyl ether CCIj.COjMe. (154°) (Henry, 
C. R. 101, 250). S.G. 1‘489. S.H. -277 
(Schiff, G. 17,.286). Obtained by distilling thi 
acid with methyl alcohol and H^O,; or by the 
action of methyl alcohol on the chloride 0 Ashlor- 
inated aldchy(j(p. Oil, smeiyng of peppermint. 

Tri-chlorO'methy father CCljfiO.OCClf, 
S.G. ifi 1’705. (0. 20||°^. From the preceding or 
frdln mdthyl acetate by cjilorine in sunshine. 
Said to%e identical with the penU-chloro-ethyl 
ether of phlpro-formio acid Cl.CO.O.COl,.CC]L, 
(180°-18»°), 8.i. 12 1-724 (Clours, A. 64, 31^. 
Decomposed bymoiA air ana by aqueous alkalis 
into HCI, CO2, and*tri-ohloro-a^tic acid. Reac¬ 
tions.-^!. Ammonia gives fri-chioro-acetamide.— 
2. Afco^^ivestri-chkro-acetio ether andchl^to- 
lormic epi^er; methyl alcohol acts similarly.— 
^ Its vapour passed through a red-hot tube gives 
COClj and tri-chloro-acetyl chloride. 

Bthfl ether CCl,.C02Et. (167°). S.G. ^ 
^•8826(B^ilhl). Ma 1-4567. Rqo 60*67. B.H.*296. 


V.D, 6*59 (for 6*61). 8.V. 163-8 (SohiffJ. Ob- 
tained by mstilling the acid with alcohol and a 
little HjSO, (Clermont, A. Oh. [6] 6, 2411. Oil, 
smelling of peppermint. Heated witn KCy 
and absolute alcohol it yields CO, and chloro¬ 
form (Glaus, A. 191, 58). PCI, at 150° forms 
EtCl, POCl„ and CCVCOCl (Michael, Am. 9, 
213). Heated with NaOEt (containing NaOH) 
ft forAs orthoformic ether, NaCl, and Na0fCO, 
(Klien, J. 1876. 621). With it forms 

CHCl^SOjKjjCO^KlAaq (Rathke, A. 161,166). 

Penta-ehloro-ethyl ether 
001,.C02C2C1,. (245°). S.G. 15 1*79 (Mala|uti, 
A. Oh. [3] 16, 67; Cloez, A. Ch. [3] 17, 304). 
Formed by passing chlorine through acetic 
ether, finally in sunshihe (Leblanc, A. Ch. [3] 
fO, 200). Liquid, gradually decomposed by 
moist air into HGl and tri.chloro-acotic acid. 
Reactions. —1.* Alcohol forms tri-ohloro-acetic 
ether.—2. Ammonia forms tri-chloro-acetamide. 
8. Proloi^ged action of chlorine forma OjCl,,—- 

4. Fassage^t’hrough a tnbe at 400° yields tri- 
ghloro-acetyl chloride. 

Propyl ether CCla.COjPr. (187°) (Cler- 
ifiont, 0. R. 96, 437). S.H. *30^ 

Xsobutyfether CClj-CO.^-CHaPr. (188°)(J.). 

Isoamyl ether CCl,.C620,Hi,. (217°) (C.). 

s-Octyl eiher CCl,.CO,C,H„. (260°) (Gen- 
ring, 0. R. 104,1001). Light oil. 

Bemyl ether CIi,?hX'. (179°)at60°mm. 

5. G. i 1-389. 

Anhydride (CC1,.C0)20. (224°). Formed 
by treating the acid with PCI, or CCl,.COCI 
(Buckney a. Thomsen, B. 10, 698; Clermont, 
Bl. [2] 30, 505; 0. R. 86, 337). Hygroscopic 
liquid, rapidly converted into the acid by water. 

Chloride v. rn-cHLOBO-AOSTTL ohloridb. 

AmtAeCCl,.CO.NHj. Mol. w. 162^ [136°]. 
(239°). Formed by the action of ammonia on 
tri-chloro-acetyl chloride, on tri-chIoro*acetio 
ether, on perchlorinated acetic ether (v. supra), 
and on perchlorinated formic, carbonic, oxalic, 
and succinic ethers (Malaguti, A, 56,286; Cloez, 
A. 60, 261, A. Ch. [3] 19,352; Gerhardt, Compf. 
Chim. 1848, 277). Preparation.—By mixing 
NH, (1 pt.) dissolved in alcohol flO pts.) with 
trichloracetic ether (11 pis.) disso'ed in alcohol 
(16 pts.). The mixture is kept cool. After 19 
hours the reaction is Complete (A. Weddige,/.pr 
[2] 33,78). Pr^erties.—14onoolinio tables (from 
water); sweetish taste. SI. sol. water, v. sol. al¬ 
cohol and ether. Reactions. —1. Ammonia forms 
ammonium tri-ohloro-acetate.-2. P,0, gives the 
nitrile.—8. PCI, gives C01j.CCI:N.POCl, [c. 81°] 
(0. 257°) (Wallac^ A. 184,23). 

Ciiloro-amide CCl,.CO.NHCI. [121°). 
Formed by the action of*chIorine-water on in- 
cWoracetamide (Cloez, A. Ch. [3] 17, 806). 
"Very volatile with steam. Large plates. SoL 
alcohol, and ether, sl^ol. water. It dissolves in 
NHjAq with re-formation of tri-ohlor-acetamide. 
It is scarcely altered by boiling with alcoholic 
EOX. By neutralising the alcoholic solution of 
the chloro-amide with alcoholic KOH a well 
orystallisA potassium salt (CCl,.CO.NClK) is 
formed (Steiner, B. lo, 1606). 

Methylamids GCls.CONHMe. [106°]. From 
tri-ohloro-aoetio ether and methylamine. Crys¬ 
tals, b 1. sol. water and ether, slowly attacked by 
' HNO. (Franeb^ont a. Elobbie, B. 7. 0. 6, 284). 

I Di-methfl-amide Ga,.CONMer [o* 13°]. 
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8.0.1IS1-441. V.D. 6 68. Not attacked 
by HNO, (8.a V68) (F. a. K.). 

Ethyl-amide C01,.CO.NHEt. [74°]. (230°). 
QoadranRiilar tables. Insol. cold water, y. sol. 
aJoobol, ether, or chloroform (Wallaoha. Kamen¬ 
sky, -4. 214, 226). PCl^ appears to form the 
imido-ohloride CCl,CCI:NEt, but this gives no 
basic condensation product. 

Di^$thyl-amide CCI,.CONEt». 127®], 
(P. it-K.); [90®] (Cloez). V.D. 7-23 [F. a, K.). 
From hexa-chloro-acetone and NEt^H (Cloez, 
ion., A. Ch. [6] 9,146). Crystals. Not attacked 
by flure HNO, (S.G. 1-63) (F. a. K.). 

Allyl^amide CC1,.C0.NHChH3. [46®]. 

(190®). From *aUylamii],e and hexa-chloro-ace- 
tone (Cloez). * 

A ni Ude CCl,.CO.J^PhH. [94®]. Scalc^ ; 

(Irom alcohol); gives no basic condensation pro- i 
aoct with PCI,. 

o-Toluide CCl,.CO.NH.C,ft,Me. [G7°]. 

(216®). From hoxa-chloro-acetone and o-tolu- l 
idine (Cloez, Jun., A. Ch. [6] 9,145). s- | 

p-Toluide CCl,.CO.NH.C,H,Ke. [80% 

(186®) (Cloez). ^ 

i/ifrile CCL.cn. (84®). S.G. 1-439. V.I^ : 
6’08. Formed ^ the action of chlorine on ace- : 
tonitrile containing iodine (Bcckurts, B. 9,1594). ' 
From the amide and P,0^; the yield is 90 p c. ' 
(Domas, Malaguti, a. Leblanc, U. R. 25, 442; 
Bissohopinck, B. 6, 732; Bauer, A. 229, 1G5). j 
Pungent liquid, insol. water, sol. alcohol, ether, I 
and light petroleum. Forms a crystalline com- | 
pound with HBr which is decomposed by water. I 
Warmed with HCl changes to trichloro-acetic ! 
acid. Polymerises when kept. NaOEt forms 
ethyl derivatives of the nitriles of dichloro-gly- j 
colUc acid, and of chloro-glyoxylic acid. ^ 1 


Boiled with HH,Aq it forms ammeBne, or an 
isomeride C,Na(OH)(NHa)«—4. Heated with 
NHjAq at 120®, or alcoholic NH, at 170® it 
forms C3N,(0H) (NH J, v. Amuelink.—6. Aqueous 
or alcoholic methylamine at 20®* fai^ms 
C,N,(CCl3),NHMe. Small crystiHs [H7®f V. 
sol. alcohol, sol. benzene. Is not a base. 
With alcolfolio Anmonia at 110® it gives rise to 
C,N,(CC1,)(NH5(KHM(.). ‘ This Sody is also got 
from C,N3(CCi3)3(NH2) <and alcoholic methyl- 
amino, It forms colourfess crystals [153®-155®}. 
C. Alcoholic metbylamine a^ 110® ift a scaled 
tube forms CaN3(CCl,)(NHMo).^. Bmall white 
crystals [207®], Sol. alcoWl and benzene. Forms 
salts.—7. Aqueous methylamine at 126® form^ 
C,N.,(OH)(NMeH).,.. Slender needles. Forms a 
plalino-chloride (B'HCl)2PtCl4 (WeJdige; v. alsa 
Hofmann, B. 18, 2770). . 

CHLORO-ACETIC ALDEHYDF CHjCl.CHO. 
(85?). « 

Formation. —1. Froni vinyl chloride, HCIO, 
and HgO (Glinsky, Z. 18G7, 078; 1808, 617; 
1870, 047).—2, From di-chloro-ether and cone. 
ILSO, (Jacobsen, B. 4, 21G). 

Preparation. — A mixture of ohloro-acetal 
(1000 g.) and dry oxalic acid (500 g.) is distilled 
at 100®-150® in an atmosphere of CO^. The 
rosiclue consists chiefly of oxalic ether, the dis- 
tillatc contains formic ether, oxalic acid, and 
chloro-acetic aldehyde. A portion (87°-91®) puri¬ 
fied by fractional distillation is obtained in the 
form of a crystalline hydrate eUher by use of a 
freezing mixture or by meansof NanSOa. Water 
of crystallisation is removed by distillation over 
CaCIj’or CuSO^. The anhydrous Aldehyde is, 
however, best obtained by distilling its poly- 
meride (Natterer, M. 3, 442). 


Par an itrile (CCl ,.CN)3. Per’Chloro4ri- 
methyl-cyanidine. [96®]. Fonnation.-^!. Cyano- 
formic ether, CN.CO.Et, is distilled with PCI,, 
and the liquid product, probably CN.COCl, is 
heated in a sealed tube at 160® with PCI3. The 
product is distilled with steam and crystallised 
from alcohol. The yield is 6 per cent. (A. Wed- 
dige, /. pr, [2] 28. 188; 33, 77).—2. From ovdi- 
nary tri-ohloro-acetonitrile by saturating it with 
HCl and expiring it, m sealed tubes, to sun¬ 
light. In about a year the contents of tiie 
tubes solidifies. The soli^ nitrile is crystal¬ 
lised from alcohol. Prdpertiee. —Large prisms 
(from h(^ alcohol). S<ri. alcohol, benzene, ether, 
C83, and chloroform. Hardly sol. water. Volatile 
with steam. Reaciwn$*~\, Decomposed by ah 
eohoUc potash, thus: 

(CCf,.CN), -»■ 3KOH - C,N3(PK), 8CHC1,, 
forming chloroform and potassic cyanurate.— 
2. Boiled with alcoholic ammomaii reacts tiius: 

C3Na(CCl3), -»■ NH, = HCCl, 4 C3N3(CCl3)2.NH2. 
The latter b^y forms flat prisms (from alcoh^) 
[166®]. It is sol. alcohol, #tber, and benzene, 
soar^^^l. water. It is not a base.— 3. When 
hM^jlitb i^cohoUo NH, in sealed tubes at 
IK^vvvhloro-aoetic paranitrile reacts thus: 
O,S,(0Bl,), 2NH, - 2CHC1, + C,N,(CC1,)(N&,), 
The oiamide otystollises from aloohol^either in 
long i^ramids cOntaining^lcohol or in short 
six-|ided prisms without alcoho! of crystLllisa- 
tion. It melts at [23$®]. It is si. sol. ether and 
behzen^ihardly sol. cold water. It forms a salt, 
0,N,(001,)(NH,),HC12aq., crystallising in pearly 
plates. This salt is decomposed bji^iUng water. 


Properties. — Colourless liquid which com¬ 
bines with water, forming a crystalline hydrate, 
CH.Cl.CHO ^aq [43°-50®]. The VJ). (1-98) of 
the hydrate shows that it dissociates. It forms 
monoclinic crystals. Sol. water, alcohol, ahd 
ether; blisters the skin. Beduceseimnioniacal 
AgNO„ forming a mirror. • 

Reactions .—k Oxidised by HNO3 to (^hloro- 
acetic acid. 2. Potassium cytuude gives an oil 
(CH2Cl.CIIO)(Cn,Cy.CHO) whence HCl forms 
acetic and chloro-oxy-propionio acids. — 3. By 
heating alone or with some H^SO, it is converted 
into ay-di-chlofo-crotonic aldehyde.~4. HCl 
passed into a mixture of (Aloro-acetiS aldehyde 
and alcohol forms di-cbloro-ethcr. 

Combinations. — 1. With alcohol it forms an 
afcoholate, CHClCII(OH)(OEt). (c. 94®). Also 
formedlrom di-^loro-eth'ir with water (7 vols.) 
at 120^(Abeljanz, A. 10 , 217). Repeated dis¬ 
tillation converts it* into G,H,,Q1^03 (164®).— 
2. With aG$iyl chh^de: CH,Cl.CHCl(OAo). 
(0.147®). Formed also b^jeducing the corre¬ 
sponding coippound# of chloral witff acetyl 
chloride by Zn and acetic acid (Cufie a.*^lilliet, 
BjI9, 1611).-3. With bisulphite e/’ soda: 
C,H,C10NaHSO.,2£^: six-Mded* tablA (from 
water). Separates from allohol as a powder 
(containing ^aq)* Boiling NS^CO, decomposes 
it without regeneratinj the chloro-aceti(f aide* 
hyill._.4. With eaUmeli 0|H,CiOHg,Gl’ 

Chloro-acetic paraldehyde jO^HaClOi^. [87®]. 
(140®) at 10 mm. S.G. 2-77. V.D. 8-26 (calc.8-81L 
An amorphous porcelain-like mass into whies 
th*6 Aldelhyde slowly changes on keeiHng (pro- 
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wben not perfeotiv pure). also sepa¬ 

rates from a solutior^ of the nydrate in oono. 
H2SO4. Trimetrio crystals,a: 6: c »1*61:1: *941. 
Insol. wa(;,er, si, sol. cold aloohol, v. sol. ether. 
At 24t it is reconverted into the ordinary modi- 
fieati^. Not aoftd upon by iron and acetic acid, 
by AgOlo and HOAo, by alcoholic by 
ROHAq at 100% or by.oold NaO^t (Natterer, 
Jlf’,6,619). 

Cbloro-acetic orthaldAhyde • 

"CHjCl.CHlpH),. Contrary to analogy, the 
hydrate of Aloro-adbtic aldohyA does not seem 
to have the a^ve formula, but appears to be 
CfljC1.0H^H)^.OH(OH).CH,Cl {v. supra). The 
di-alkylatea derivatives of ohloro-acotio ortho¬ 
aldehyde are called acetals. 

ethyl a4hc#CH2Cl.CH(OH)(OEt). Ohloro. 
aldehyde alcohoiate. (93°-95°). Formed by the 
action of water at 120° on diohlorinated ethyl 
oxide CH.Cl.OHCl.OEft On distillation itfornft 
an anhydride, (CIL01.CH.OEt).,O, (163^-105°), 
•Which is split up by oonc. H-^SO, into ohloro- 
acetic aldohyd^nd alcohol. This body is also 
formed from di-ohloro-di-ethyl ether and potash. 

Acetyl derivative <ff the ethyl ether 
CH2Cl.CH(OEt}(OAo). (170°). From di-ohloro- 
ethyl ether and silver acetate (Bauer.A. 134,1713). 

Methyl ethyl ether OHfilCniOn)(Olie}. 

(137°). S.G. 11 1*056. From di-ohloro-othyl ether 
and sodium methylate (Lieben, A. 146, 202). 

Di-ethyl ether CH,Cl.CH(OEt),. Chloro- 
acetal. (167°). 1*042. •V.D. 5*38 (calc. 

6*29). Formation.—!. When chlorine is passed 
into dilute alcohol (80 p.c.) for some time#on 
adding water a neavy oil separates. By fractional 
distillation this is found to consist chiefly of alde¬ 
hyde, chloro-acetal, and di-ohloro-acetal. Tlie 
fraction 120°-170° is digested for several days 
with aqueous KOH ^nd rectified (Lieben, A. Ch. 
[3] 66, 313; Krey, Jena. Zeit. 10, 84). —2. From 
di-chioro-ethyl ether • CHXl.CnCl.OEt and 
Na01if(Lieben,A. 146,193 ; Natterer, M. 3,444); 
or by long boiling with alcohol (Pnterno a. Maz- 
zart, B. 6, 1202).—31 From di-chloro-ethyleno 
and alcohqlic NaOEt at ■iO°-50^ (iftien, J. 1876, 
336).—4. By warmi^ chloro-acetio aldehyde 
with alcohol (Natterer, M. 5, 497). Properties. — 
Aromatic liquid, insol. water, sol. alcohol. Not 
attacked by aqueous KOH. Does not pp. 
A^'O,. — keactions. — NaOEt at 150^ 
i^ives CH,(OEt).CH(OEt)... —2. Sodium forms 
CH,:CH.OEt (Wisliconus.'id. 102,106).~3. Boil- 
ng with powdered zinc gives EtCl and alcohol.— 
i. Heating with oxalic acid gives ohloro-acotic 
ildehyde and oxalic ether. HOAc acts simi- 
arly.—5. HCl gives di-chloro-elhyl ether 
'H.Cl.CHCl.OEt.-^. Poured, tfpon beaching’ 
woder, no action ensues, but dpon heatin’g over 
I water bath a reaction telfes place and a green- 
shliqifld colfects^n the receivdl*. This^istillate 
•resently decomposes, the products being ohlor- 
ne, HCl, unctecomposed chloro-acetal, di- and 
ri-chloro-aceft.l8, otflorotorm, an4 an aldehyde 
Goldberg, J. pr. 132, lp9). 

D -chloro-acetio aldehy^, 6HCL.0H0. 
!ol. w. 113*^(89°). 

^ Fornuitiok^l. By disfllling di-chloro-acetal 
Wh H^jSO^ ((iriraaux a. Adam, Bl 34, 29; Pa- 
667).-2. By boiling CC1,:CH.OM0 
^h filute H.^0, (Denaro, 0. 14,119).-8. By 
islilhiig its nydrate obtained by chlorination 


of chloro-acetio paraldehyde (e. di-chloro-acetic 
ortho-aldehyde) witli H.SO4. 

Properties. —Liquid, which, in presence of 
some HOI, gradually changes to an amorphous 
solid variety, which at 120° returns to the liquid 
form. 

Reactions.—!. Oxidised by HNOj to diohloro- 
acetio aoid.-2. PCI* forms CHC4.CHC4 (147°) 
(Paterifc, Z. 1868, 667). 

Duchloro-aoetio paraldehyde * 
(CHCl.,.GHO),. [130°]. S.O. 1*69. From di- 
chloro-acetio aldehyde (or di-chloro-acetal) 4 q 
presence of H^SO, in the cold (Jacobsen, B. 8, 
87; cf. Kroy, J. 1876, 4J5). Hexagonal pyra¬ 
mids (from aloohol). *V. qpl. hot alcohol. May 
be sublimed, but at 240° in a sealed tube, or with 
cone. at 130°, it changes to liquid di- 
chloro-acetic aldehyde. 

Amorphous polymeride (CHCl,.CHO)„. 
Formed spontaneously by the polymerisation of 
(impure?)^i-chloro-aoetic aldehyde (P'riedrich, 
A. 206, 252).* Paraffin-like mass, insol. water, 
m.*BoI. ether, si. sol. hot alcohol. Does not 
me^f below 200°. Converted by Isat into ordi¬ 
nary di-chloro-a^etio aldehyde. 

Dl-ohloro-acetio orthaldehyde 
CHCLCH(OH)i. Duchloro-acetic aldehyde hy¬ 
drate'. [43°] (F.); [67°] (Denaro, G. 14, 120) 
(0.120°). Formed as a tjy-product in tho pre¬ 
paration of tri-chloro-butyrio aldehyde by the 
action of chlorine upon paraldehyde (Friedrich, 
A. 206,251). Micaceous scales. V. sol. water and 
ethor. Oxidised by HNOj to di-chloro-acetio acid. 
Cone. H.SO, converts it into di-chloro-acetic 
aldehyde and its amorphous polymeride. 

Di-ethyl cf/ier CHCl,.CH(OEt),. Di-chloro- 
acetal. Mol. w. 187. (184°). V.D. 6*46 (calc. 
6-44). S.G. i- 1*138. Formed by chlorinating 
alcohol (v. supra) or acetal (Lieben, A. 104,114; 
Pinner, B. 6, 148; Krey, J. 1876, 474). Also 
from tri-chloro-ethyl ether CHClj.CHCl.OEt and 
NaOEt (Jacobsen, B. 4, 217). 

Reactions.—!. Zinc-ethyl at 140° gives pro¬ 
pylene, ethylene, and other gases, leaving ether: 
(Faterno, C. R. 77, 458).—2. PCI^ gives tri- 
chloro-ethyl ether CHCl,.CHC1.0Et.^2. NaOEt 
gives the tetra-etbyl derivative of ortho-glyoxal 
CII(OEt),.CH(OEt), (Pirther, B. 6, 161).-4. Cone. 
H^SOf or HClAq converts it injo di-chloro-acetio 
aldehyde. Fuming H.SO< forms a crystalline 
compound CoHjCljOj, [129°] (Grabowsky, B. 6, 
W71). According to Pinner (A. 179,34) di-chloro- 
^ctal is not converted into di-chioro-aoetic 
aldehyde by H,SO„ nilddoes not give di-ohloro- 
acetic acid on oxidation by ENO,. 

Tri-chloro-acetio aldshyd^v. Culoual. 

Tri-ohloro-aoetlo orthaldehyde v. Chlohal 
hydralh. 

Di-ethyl ethtr CCl,fcH(OEt)j (». p. 4).' _ 
4 An isomeride, possibly having the constL 
ration CHCl,.CCI(OEt),, [72°] (P.); [83»] (fe). 
(230°), informed as a secondary product in the 
preparation of di-ohloro-acetal by the chlorina¬ 
tion of 80 p.o. tilcohol (Pa^rno, C. R. 67, 765; 
lieben, A. 104,114; Kley, 47.1876,476). Needles 
(from ethor^ Volatile with steam. It is doubt¬ 
ful whether it yields chloral on treatment with 
HgSO.; snob a reaction would indicate the same 
formula as that asqubed to the liquid isomeride 
(v. p. 4). 
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TB1*CEL0&0-ACETIC AKEYDBIDE v. An- 
kydridt of ZVi-OBLOBo-ACBiio acid. 

CHIOBO-ACKTO-ACETIC £TH£B 0.R;C10, 
U. CH,.CO.CHCl.OO,Etor CH,OlCO.CH,CO,Et. 
(104°). S.G.lil‘19. Formed, together with SO, 
and HCl, by the action of 80,Cl, (1 mol.) or of 
Cl upon aoeto-aoetio ether (1 mol.) (Allihn, B. 11, 
568^ Merves, A. 245, 58). Liquid. Akoholeo 
KOH liberies chloro-acetio acid. (o)-Naj*thyl- 
amine forma C,«H,eNO,Cl [76°] (Bender, B. 20. 
2747). Fuming HNO, forma chloro-nitroso- 
aeSto-aceUc ether CH,.CO.CCl(NO).CO,Et (?) 
(Propper, 222, 48). Phenyl-hydrazine in 
ethereal solution forms CfcH, 4 N, 0 , [61°], which 
is probably CH,.C(N,Ph):CH.CO,Et, which may 
be reduced to oxy-phenyl-methyl-pyrazole. • 

'Metallic compounds. —Formed as precipitates 
by shaking the ether with ammeniacal solutions 
of the metallic salts.—(C,|H„0,Cl),Cu: green 

leaflets_(C«H,0,Cl).Mg: white needles. — 

(0^fl0,Cl),Ni : light • green • powder. — 

(C.HbOsCISjCo : light-red powder fliensgen,^. 
12,• 1300).—O^HgOjClNa: crystalline powder, 
▼. sol. idcoho]i(Conrad a. Outhzeit, B. IG, 1554). 

Bi-obloro-aceto-aoetic ether • 
CH,.CO.CCl,.CO,Et or CHCl,.CO.CH,.CO,Et. 
(206°). S.G.-^j 1-293. Formed, together with 
SO, and HCl, by the action of SO,Cl, (2 mols.) 
on aceto-acetic ether (Iwnol.) (Allihn, B. 11, 5G7). 
Formed also by chlorinating aceto-acetic ether 
(Conrad, A. 186, 232). Liquid. Decomposed by 
dilute HCl at 180° into CO,, alcohol, and di- 
chloro-acetone. KOH gives di-chloro-acctic and 
acetic acids. Decomposed by KCN into HCN, 
acetic ether, and potassium di-chloro-aoftate 
(James, .4. 240, 65; C. J. 61,287). Di-chloro- 
aceto-acetic acid does not form metallic salts, 
nor does it react with aldehydes (difference from 
di-bromo-aceto-acetic ether). 

Tri«ohloro-aceto-acetic ether CflH,Cl,0, 
(228*). From aceto-acetic ether and Cl in day¬ 
light (Merves, A. 246,70). With NaOEt it gives 
di-chloro-acetio ether. 

CHXOBO-AGETOL v. Di-chloro-pbopane. 


acetic, and formic acids.—8. K,SO, gives 
CH 5 .CO.CfI,.SO^K.—4. Potassium acetate forms 
CHj.CO.CHj.OAc.—-6. Alcoholic KCN produces 
CH,.CO.CH,CN.—6. FumingHNO, forms^stal- 
line nitroso-chloro-aoetone 05 H 4 C 1 N 0 ,*[ 11 Q°] 
(Glutz, J^r, [211,141).—7. Alcoholioamwtwiwn 
sulphocifini^ gives the or^talline sulpho- 
cyanide [114'*] Vf imido-propyl sulphooysnide 
CHj.C(NB).CH,.SaN [42°] (Norton a. TcherniaK, 
Bl. [2] 83,203).—8. Barium sulphocmnide forms 
CHj.CO.CHjSCK which is •an oil (Tchemiak a. 
Hellon, B. 16, 349).—9. BrominA at 100° forma 
ohloro-tri-bromo-acetone.—10. Ammonia forms 
a compound (CH 3 .CO.CH.,NH.,?) which gives 
methylamind on distillation with potash (Cloez). 
11. Chloro-acetone (2mols.)add^t<ean aqueous 
solution of (1,3,4)-tolylene-dian:iin0 at 60° forma 
N:CH 

nfethyl-toluquinoxaline G.IIsMe<^ | [54°] 

N:CMe 

(Hinsberg, A. 237, 368).—12. Alcoholio KOBz* 
forms CH 3 .CO.CH,.OBz (245° ai 880mm.) (van 
Komburgh, ii. T. 0.-1, 63).-13. Cone. HCNAq 
forms the cyanhydrin CHs.C{OH)(CN).CH 2 Cl 
which is the nitrile of *chloro-oxy-isobutyrio acid 
(chloro-acctonio acid) (C. Bi8cho£f,B. 6, 865).^ 
Isomoride of chloro-acetone C,H^C10 i.e. 

0 

CH,C1.CILCH., (?) Epichlorhydrin (119°). S.OM 
1-194. Obtained* from glyqprin dichlorhydrin 
CH,Cl.CH(OH).CH.,Cl and warnfcono.KOH (Pre- 
vost, P. [2] 12,160). Liquid. Combines with 
Hui, water, and HOAo forminjf derivatives. of 
di-chlorhvdrin. With alcoholic NH, it forms 
C,H„ClNb, (Cloez, A.Ck. [6] 9,145). 

tt-Di-chloro-acetoue CHCl,.CO.CHj. MoL w. 
127. (120°). S.G. ii 1-234^ 

Formation.— By heating di-ohloro-aceto-ace- 
tic ether with water at^l80° (Conrad, 4. 186, 
235) or by boiling it with HClAq for 6*nour8 
(V. Meyer, I>M5. 1165).* • 

Preparation.—By the prolonged action • of 
chlorine upoif w^l-cooled acetone (Fittig, A. 110, 
40; 133,112; Mulder, 1007; Cloez, A. Ch. 


CHZ.0B0-ACETONE C^HjClO i.e. 
CHrCO.CHjCl. (118°). S.G. ^ 1-158 (Cloez). 

Formation.—1. By siectrolysis of a mixture 
of acetone and E^l (Biohe, 0. B. 49, 176).— 
2. pitem acetone and HCIO (Mulder, B. 6,1007). 
8 . By passing chlorine (1 mol.) into well-cooled 
acetone (M.).—4. By dissolving di-chloro-propyl- 
ene CH-Cl.CCl:OHj in cone. H^SO, and distilling 
the product with water (Henry, B. 6,190, 966).— 
6 . From bromo- or chloro-propylene by the action 
of hypoohlorouB aojd and HgO (Linn^ann, A. 
188,122).—fl. By oxidation of propylene chlor- 
hydrin (from propylene glycol) with H^Cr^O, 
and H, 8 b 4 (Morley a. #reen, S. 18,24). 

PrKfaraiion .—By passing chlorine into ace¬ 
tone at 16° (Cloez, A. Ch. [ 6 J 9,146). • 

Properties.—Pungent oil; v. si. s^. water. 
According to Cloez it is not pungent when quite 
pure, and the pungency can bo removed by 
washing with very w 8 ak alkalL Volatile with 
■team. It gives a splendid crimson flolour with 
solid KOH, or a strong aqueous solution of 
KOH. With NaHSO, it forms crysh^Kna 
0,H,Cl(OH){SO,Na) (Barbaglia, B. 6 , 82 Is- 
BeacUons.—l. Zn and^HGl reduce it to 
iMtose.—2. Moist AgjO oxidises it to glycoIUc, 


[ 6 ] 9,146). 

Properties.—Pungent liquid, si. sol. water. 
Combines with bisulphite of soda forming 
C,H4Cl2(OH)(SO,Na)3M. • 

Reactions.—l. Ammoniatormethe compound 
CH,.CO.CHCi(NIiJ which yields methylamins 
when distilled with potash.— 2 . PClj gives tatra- 
chloro-proj^yleno and a small quantity of penta- 
chlpro-prdpylene.—3. KHS gives a yellow viscid 
booy C,H 4 S 0 , the alcoholic solution of which 
gives with lead acetate a roilpp. C 3 H 4 SOPbOaq 
(Mulder, B. 6 , 109ft).—4. Uydroxylamnnc forma 
acetoiimic acid OHj.O(NOH).CH(NOH) (v. vol.i. 
p. 38).—TTatisr at 200° givet^* lactlb acid 
(Linnemann a. Zotta, A. 159r248)^6. Potash 
splits it up into acetic and formic aqids.—7. HCN 
gives the oyaaihydrin CH,.C(Ofi)(CN).CHCL 
or the nitrile of di-cBloro-oxy-isobutyrio acid 
(Bischofl, B» 8 , 1333).—ft. Aqueous KCN gives 
crystalline tufts Sf (C,H 4 Cl, 0 ) 2 HClf (Glutz a. 
Fischer, J. vr. [2] 4, 6 €}. ^ * 

iBomende of di-emoro-aoet^e C;^ 4 Cl 30 . 
[44°]. (o. 168°). The «jlre product of t^e ac¬ 
tion of chlorine on cooled acetone has the com¬ 
position of di-chloro-ace^ne, altBougb it boils 
Mtween 117° and 170°. This appears to be das 
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to iho prosenoe of thfg orystallioe Isomorido. It 
only differs from g-di'Chloro-acetono, derived 
from diohlprhydrin, in yielding with bromine a 
di-chA^-di'bromo-acetone identical with that 
ob4ainea from u-ai'obloro-acetone, and not with 
that obtained from the said e-di-ohloro^aoetone 
(Barbaglia, B, 7>4.^8; CJoez). Ti^ c()bipound 
could not be obtained by Biaohoff (B. 8,1832). 

• ••O'* 

Another j^iomeride A (?) Chloro- 

* CHOh.cmCHj 

tpichlorhydrin 1(1) (170^^), is formed by chlorin¬ 
ating epiciyorhydrm (Cloez, A. Ch. [C] 9, H5). 
Wilfc NHj it forms unstable CjIijCL^NOj. 

•s-Dl«oblQro«acetoue CH;jCl.GO.CH 2 Gl. [44*’]. 
(173’oor.). V.5.C3-2. 

Formation.—1. By the oxidation of the 
corresponding dichltrhydrin of glyceria 
CH,C1.CH{0H).CH,C1 wit|i K-Crp, and H,SO,. 


aqneoue solution of sodium eitraconato at lOO** 
(Gottlieb a. Morawsky, «7. pr. [2j 12, 3G9).—2. By 
the action of NaOH (1 mol.) upon hexa-w-chloro* 
methylene di-methyl diketone (hexa-chloro* 
acetyl-acetone) (CC1,.G0)2CH2 (Combes, A. Ch. 
[6] 12, 239). 

Properties. —^Liquid, heavier than water, with 
frffgran? odour. Gonverted by ammonia into 
chlorofbrm and acetamide. Does ^not unite 
with NaHSO,; but with HON it forms 
CCl,.CMe(OH)CN (Bischoff). It unites readily 
with water, forming a hydrate 0,H,CI,022,q 
[44°] crystallising in four-sided priems, which is 
resolved by distillatioa o^ by dry HGl into its 
constituents. The product of the chlorination 
of^cotono boils at 172®, and has S.O. 1*418. 
According to Cloez it is a mixture; for it solidi¬ 
fies incompletely on cooling, when it deposits 
needles [o. -5®]. With aniline and KOH it gives 
phenyl-carbamine, showing the presence of 


^ , , ' ' ' , ^ 1 II. ‘ ‘ j ' piienvi-uuroiiujiiie, siiowinu tue uresonu 

I CCI,.CO.cri,. -Successive treatment with 
ii^cfiia and KOH gives di-chloro-raethyl-amine, 
indicating the presence of CHCl^.CO.CH^Cl. 

Yri-chloro-acetoue CHC4CO.C'ft2Cl. (172®). 
Prom tt-di-chloA)-acotono by treating with bro¬ 
mine and heating the resulting CHCl^CO.CILBr 
with HgCljin presence of alcohol (Cloez). Gives 
no chloroform with ammonia, nor phenyl-carba¬ 
mine with aniline and KOH. 

u - Tetra- chloro • acetone CH,C1.C0.CC1,. 
(181®). S.G. 1*482. Formed by saturating 
acetone containing methyl alcohol or wood 
spirit with chlorine in daylight, the tempera¬ 
ture being allowed to rise (Bouis, A. Ch. [3] 21, 
; 111)? The fraction boiling at 1CO®-180® is ex- 
I posed to a low temperature in contact with 
water, whereupon the hydrate of tri-chloro- 
acetone crystallises out first, then a compound 
of this with tetra-chloro-acetone hydrate 
; (C,H3Cl,0)(C8H2Cl,0)6aq [32®], and finally large 
i prisms of the hydrate of tetra-chloro-acetone 
j CjHGl^Odaq [39®] (o. 179®), which may be re- 
i solved by dry HGl into tetra-chloro-acetone and 
I water. 

Properfies.—Colourless hygroscopic liquid, 
sol. water, with pungent odour. Beadilj volatile 
with steam. Turned Vown by air and light. 
Partially decoinposod by distillation. With 
aniline and KOU it yields phenyl carbamine. 
Aqueous ammonia at a low temperature forms 
chloroform and chloro-acetamide. 

* s-Tetra-chloro-acetone CHClyCO.CHCl,. 
(180®). S.G. 1-48.* Formed by treating K-di- 
chloro-acetone, or thes-di-chloro-acetoue derived 
from s-di-iodo-acctone, wi^ bromine and de¬ 
composing the resulting CHCi 2 .CO.CHBr .2 with 
IlgClf in alcoholic solution at 100®. Purified 
byconversion into its cr^talline hydrate [48®] 
.and subsequent dehydration by dry HCl (Cloez). 
'This tetra-chloro-acetone does not give the 
chloroftfm and oarbamine reactions. The di- 
chloro-di-bromo- derivative obtained by the action 
of bromine on dichlorhydrin yields with HgCl* 
an oil which is not attocied by ammonia. The 
product of rile oxidation of dichlorhydrin gives 
with bromine CHClBr.CO.CHClBr (Ddarkowni- 
koff), whence HgCl, gives a fuming liquid (180®); 
this liquid does not combine with NaHSO|, bat 
yields wi^ ammlbia di-ohloro-aoetamide, and 
with aniline di-ohloro-aoetanilide. Oloei oon* 


with NaHSOjW^ich is _ ^ 

by Na^CO,. The yield is Wfery small (Glutz a. 
Fischer, J.pr. [2] 4, 62; Horraann, B. 13,1707; 
Markownikoff, A. 208,349).—2. By the union of 
HCIO with a-chloro-allyl chloride (di-chloro- 
propylene) CH,Cl.CCl:CHj and HCIO (Henry,.j 
C. R. 94,1428).—3. From s-di-iodo-acetone and 
AgCl (Voelker, A. 192, 89). 

Proper/ICS.—Long needles or trimclric tables. 
Extremely punj^nv; blisters the skin. M. sol. 
water, v. sol. alcohol and ether. With bisulphite 
of soda it forms long four-sided prisma of 
CJH,Cl,{OHj{SO,Na) 3aq. * I 

Reactions. —1. KI forms di-iodo-acetone 
[61®].—2. Dry KCN added to its ethereal solu¬ 
tion forms crystalline tetra-chloro-di-aco- 
tone cyanhydrin (CuHgCl,0,)HCN which 
differs from the isomeric body obtained from 
«-di-«hloro-acetone in* being insol. water (G. 
a. F.).—3. HCN forms (CH,Cl) 2 C(OH)CN, the 
nitfile of di-ohldro-oxy-lsobutyric (di-chloro-ace- 
tonio) acid.—4. OxvMsed by KgGrjO, and H^SOg 
to chloro-AOotio acid. * 

According to C\ov^{A. Ch. [6] 9,145) succes-1 
sivo treatment with bromine and HgCl, gives { 
tetra-chloro-acetone, but the tetra-chloro-acetone 
prepared in this way from the di-chloro-acetono 
obtained from dichlorh^rin is different from 
that obtained from di-iodo-acetoae. They also 
give different penta-chloro-acetones when treated 
with chlorine in sunlight. Cloez considers the 
derivative from dichlorhydrin to be « pseudo-di- 
0 # 

cbloro-acetono A It does not 

CHsCLCHtCEGl. 

combine with HOAo, but redets violently with 
HCl, i^though the prodhet, exposed over H^SOg, 
is re-conve|ted igto tf'-di-chlorff-acetoae. 

Tri-cblorg-acetoac CCl,.CO.OHr (180°) 

(Combes). • * • ^ 

Pormuf ion.—Obtained in an impure state by 
passing ohlorine into^acetone tha4 is not kept 
cool, espAially if the chlotine be somewhat^, 
moist, or tlb| acetone be mixed with metbyn 
alcohol (crmlf wood spirit) (Bischoff, B. 8,1831). 
The ^rude product of the oxidation of isobutyl 
alcohol with chromic mixture may also be used 
(Kramer,, B. f, 262). 

fngaTaHon.—i. By passing ohlorine into an 



28 


OHLORO-AOETONB. 


•idera that it is isomerie, bat not identical with 
l•te^ra•obloro•aoetoxle; thus it might bo 
0 

A 

CHjCl.CH.CClj. 

Peata-chloro>acetone CGl 3 .CO.CHCI,. (192°). 
S.a.V 1-576. S.16. 

• f^ormation.— 1. By passing chlorin^ into,a 
strong solution of sodium citraconate (Planta* 
mour, (?«i? 11, 440).—2. By the action of HCl 
and KCIO, on various organic compounds, e.g. 
goinio, citric, gallic, and salicylic acids, pyro- 
gallol, quinope, indigo, tyrosine, and muscular 
flesh (Stadeler, A. 11^ 277).—8. 
of chlorine in sunlight upon commercial acetone 
or on di-cWoro-acetone (Cloez, sen., .4. Ill, 1^; 
Cloez, jun., Bl [2] 89,637). Pure acetone gives 
only di'Chloro-aoetone when chlorinated at 100° 
in sunlight (Fittig). 

Preparation, —A solution of citric acid in 
1 ^ pts. water is allowed to fall drop b^drop down 
a tube packed with pumice heated to 100 °, ^p 
wUcb a current of dry chlorine is passing 
(Cloez,jun.,4. Cfc. C6]9, 145). . 

Properties. —Colourless liqui^ smelling (after 
exposure to air) like chloral. With water at 4° 
it forms a crystalline hydrate C3HCls04aq 
(16®j, which, on fusion, separates into water and 
penta • chloro • acetone. Penta • chloro • acetone 
separates completely ffom its aqueous solution 
at 60°. Penta-ohloro-acetone dissolves a httle 
water, but on warming this separates as globules. 

Beaetiotts.— l. Ammonia gives chloroform 
and di'Ohloro-acetamide [95°] (236°).—2. Ani- \ 
line and KOH givephenyl-carbaraine.— 8 . KOH ! 
gives di'Chloro-acetic acid, KCl, and K 3 CO,.* j 

Isomeride of penta • chloro • acetone 

0 j 

CCl 3 .CH.CGl,(?). Teira ■ chloro • epichlorhydrin. j 
(186°). S.G. |r6l7. By the action of chlorine I 
m sunlight on the s-di-chloro-acetone from di- I 
ehlorbydrin (Cloez, jun., Bl. [2] 39, 639). Pun- j 
gent liquid. With ammonia it gives tri-chloro- ! 
acetamide [189°] (236°~240°) but no chloroform. 

Aaothea isomeride of penta-chloro*acetono 
O 


CHCl,.C($lCCIj(?). /178°). From di chloro-pro- 
pyleoB oxide and^nlorine (Cloez, jun., C^. 
[6] 9, 145). Fuming liquid. With ammonia it 
gives di-chloro-acetanude, but no chloroform. 

Eoxa*chloro>acetone CClj.CO.CCl*. C~2°].*| 
(208°). 3.0. M1-744. V.p. 9*62. Formed by 
saturating a cone, aqueous solution of citric 
add with chlorine in sunshine (Pladtamour, 
B. J. 26, 426). The yield is 25 p.c. of the weight 
of citric acid. Formed also by the action of 
chlorine on (commercial) acetone in sunlight. 
On distilling the product a considerable quantity 
of bexa>chloro-benzene is usually formed. 

Properties .—Limpid liquid, which ha^ feeble 
odour m the cold, but becomes very pungent 
when warmed. Solidifies when c<^led in large 
plates. SI. sol. water. • Forms a crystalline hy> 
^te 0,CI,0 aq [16°] almost insol. wafer. 

Reactions.—1. With aqueous ammonia it 
forms chloroform and tri-ohloro-acetamide.— 
2. Aniline forms chloroform and tri.chloro-acet- 
anilide.—8. Water at 120°eiplit8 U up into 
ehlorofonuandtri-chloro-aoeticaoid.—4. Potash 


gives CO, and tri-chloro-aoetic acid.—6. WitF 
O’toluidine it forms tri-ohloro-acetyl o-toluidine 
03 H^Me.NH.C 0 .C 01 , [67°]; with ^toluidine it 
forms the isomeric body [80°).—6. Di^thy^mine 
gives NEt 3 .CO.CCl, [90°].—7. Allylammtorrne 
NHC 3 H,.C 0 .CC 1 , [46°]. — 8 . Ethylme-diam^ 
gives NH...C 3 lf^.CO.CCl, [200°J.-9. Urea (Imoi.) 
at 150° forcA 0O(NH.OO.CC1,78. 

Isomeiide of »he^a • chloro • acetone 
0 

A • ♦ 

CCls.CCl.CCl,!?) (c. 205°). This substance ap¬ 
pears to be formed, together with hexa-chloro- 
benzene, by the action of chlorine on epichlor¬ 
hydrin in sunlight (Cloez, jun.). 

CHIOBO-ACEXONIC ACID v. fuLOBO-o^T. 
I80BUTYR10 Acm. _ 

CHLOBO- ACETONITRILE V. Nitrile of 

CfetOBO-ACKTIC ACII). • 

w-CHLORO-ACETOPHENONE 
CJIyCO.CH^Cl. Phenacyl chloride. Phenyl* 
chloro-tmthyl ketone. [69°]. (245°). Formed, 
together with di- and tri-chloro-acetophenone, 
by passing chlorine into boiling acetophenone. 
The fraction (240°-250°) solidifies on cooling, 
and is recrystallised from dilute alcohol (Grabe, 
B. 4, 35; Stadel, B. 10, 1830; Gautier, C. R. 
102,1218). Colourless trimetric plates; a: 6 :cs« 
•9957:1;-2135 (Friedlander); v. e.sol. alcohol and 
ether, insol. water, its vapour is pungent. 

i 2 «ac<ion 5 .—l.,KOAc forms the acetyl deri¬ 
vative of w-oxy-acetophenone, Cfllj.CO.CHjOAc. 

2 . PCI 5 forms di-chloro-styrene CfiHj.CCliCHOl.— 

3 . Bhromic add oxidises it to benzoic acid.— 

4. Ammonia passed into its ethereal solution 
forms two isomerides C,aH„C10, [117°] and 
[155°]. Boiling aqueous ammonia forms (o)- 
phenyl-amphinitrilc or isoindole Cj7I|«N, [196°], 
which crystallises from alcdhol jn blue mono¬ 
clinic needles (V. Meyer a. Treadwell, B. 16, 
342 ).—6. (1, 8 ,4) -TolyleiKf-diamine gives phlnyl- 

toluquinoxaline [13^°] 

(Hinsberg, A.4*M, 370). * 

p-Chloro-acetophenone J4:l]CuH<Ct.CO.CH,. 
ChlorO‘phenyl methyl ketone. [20°J. (231°). 

5. G. 1'19. From chloro-benzene, acetyl chlor¬ 
ide, and AI 3 CI 3 (Gautier, Bl [2] 43,602). V. si. 
sol. water, miscible with lUcobol and ethet. 
EMnOf oxidises it to p-^hloro*benzoio acid. 

Di-w-ehloro-acetopheuone O 3 H 3 .CO.CHG 4 . 
(248°). S.G. 1 ^ 1*338. From di-chloro-acetyl 
chloride, benzene, and AljCl, (Gautier, C. R, 
103.812). 

Iri -w chloro - acetophenone O3Hj.CO.CCl3. 
(249°). a.G. 12 ^-427. Froin tri-chloro-acetyl 
chloride(60g.),benglne (100 g.), and AI 3 CI, (Gau¬ 
tier, 0. B. 103, 812). * 011 : slowly oxidised by 
EMnO. to benzoi(^acid. * • 

, TBl^-CHLOEO-ACETOPHENONB o-CABB- 
fOXYLIC ACID CCl,.CO.C 3 H 3 .fO^. [144°]. 
Formed by pasjj^ng chlorine kitoatiot solution 
of phthalyhacetio acid itf diluted HO Ac (Michael 
a.'Gabriel, B^IO, 1666). Becomposed by alkalit 
into chloroform and phthallo acid. * 

* OHIOBO-ACETOltoMONS fe Thienti. 

CHLOBO-HETHTL KETONX. . 

CHLOBO-ACETOXIH (OH 3 ),C:NOOl AceU 
ehloroxim. (184° uncor.); when quickly hdated 
it explodes with violence. V.D. 4*1 (for 3*7). 
Obtained by adding a solution of bypoohloroui 
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Idd to an aqndons solniionof soetoximatO^*; into HGl and tri-ohloro-aoetio ae!d$ aleobc 

the liquid that separales is washed with water, gives tri'chloro-acetio ether. 

and dried over CaCI,. Colourless mobile liquid i^eoctions.^l. followed by wate 

of plq^sanf odour, which solidifies in a freezing* gives the heptyl alcohol CMe,.CMo,OE (B.)._ 9 

mixtuif of soli# COj and ether, to colourless PH, gives CClg-CO.PI^ (Steiner, JB. 8 , 1178 
pifsms. y. sol. alcohol and ether, v. si. sol. Cloez, A, Ch. [3] 17, 309).—3. SH-cklom-acetii 
water. Warmeiwith HCl or Hrtt setS free tho acid forms the anhydride (CC1,.C0),0 (Ansohfilz 
halogens (Mdhlau a. Hoffmann,1505). B. 10, ^Sdl). 

TfiI-CHL0B0*8.A0£1!9rL*4CRTLIC ACID v. tfiJ*CHL0B0-AC£T7L CYANIDE 
iiti-CHLORO'PHENOUAUc AoiD. CC1,.C0.CN. TH-chloro-pyTuvonitriU. (118® 

TRI-CHlfOEO-AOETYI-BEN^OIC ACID t>. (H.); (122^) (C. a. A.). S.G. li 1-659. 
Tri-chloro-acejo phen okb cARDoxtLro ACID. PrcparcUion .— 1. fey adding AgCy 8 lowly*t< 

CHLOBO*A(ft)TYL BROMIDE CHgCi.CO.Br. cooled tri-obloro-acetyl bromide;..the reactior 
{ 127 ®) (W.^; (184®) (^G.). S.G. s l-yia. I’re- being finished by Ideating on a water-bath 
pared by adding bromine (160 g.) to chloro-acetio (Hoilerichter, J, pr. 128.* 200).—2. By boiling 
acid (94 g.) §ad red phosphorus (15 g.) (Do Wilde, tr^chloro-acotyl bromide with mercurous cyanids 
A. 130, 372; ,132, 173; Gal, A. 182, 180). (Claisen a. Antweiler, B. 13,1936). 

Fuming liquid. With water it forms HBr and Properties.—Pungent, hygroscopic liquid 

chloro-acetio acid; alcohol gives EtBr and smelling of prussic acid. Exposed to air it first 
cbloro-acetic ether. , becomes crystalline (forming a hydrate ?) then 

* Tri*ohioro>acetyl bromide CCl,.CO.Br. (140®) deliquesces*. • 

(H.); (143®) (^). S.G. ^ 1*900. From PBr, ^lieaction$i—l. Water decomposes it into tri- 
(2 mm.) and tri-ohloro-acetic acid (3 mol.), chloro-acetio acid and prussic acid.—2. HCl 
300 grms. of the acid give 200 grms. bromide (S.G* 1*16) Rt 50® converts it h^to tri-chloro- 
(Holferichter, J. pr. 128, 196; Gal, C. R. 76, pyruvic acid CQlj.CO.COjH. 

1019; Bl. [2] 20, 11). Water decomposes it Polymeride (CCl,.CO.CN)i. [140®J. From 

into HBr and tri-chloro-acctio acid; alcohol AgCy and tri-chloro-acetyl bromide at 150® (H.). 
gives EtBr and tri-cbloro-acetio ether. Dimetric tables (from ether-alcohol); insol. water. 

CHLORO-ACETYL CHLORIDE CH.,Cl.CO.Cl. CHLORO-ACETYLENE CHiCCl. Formed by 
Mol. w. 113. (107®). S.G. 2 1-495. Formed by j boiling B-di-chloro-acrylio acid CCljj:CH.C 02 H 
the action of chlorine on acet;;}! chloride in sun* with baryta-water (Wallach, A. 203, 87). Gas, 
light (Wurtz, .^4*102, 93); or, together with di- which explodes spontaneously, forming carbon 
chloro-acetyl chloride by boiling acetyl chloride and HCl. It is stable when diluted with hydro- 
with PCI, (Midliaol, J> pr. [2] 35, 95). Foilhed gen, and then, when passed into bromine, forms 
also by treating chloro-acetio acid with PCI, crystalline C^HClBr^. With aminoniacal cuprous 
(De Wilde, A. 130, 372). Liquid, converted by chloride it forms an orange pp., and in ammo- 
water into HCl and chloro-acetio acid; and by niacal silver nitrate a white pp. These pps. ex¬ 
dry ammonia into chloro-acetamide. plodo violently when heated. 

lieactions.-rl. Successive treatment with siwe TRI-CHLORO-ACEXYL IODIDE CCl,.CO.I. 
methyl and water forms mothyl-isopropyl-car- (c. 180®). From tri-chloro-acetio acid and PL 
binollTBogomoletz, Bl. [2] 84, 330).~2. With (Gal, G. B. 76,1019). 
o-amidophenoUt form* C„H^(OH).NH.CO.CH^Cl CHLORO-ACETYL-PROPIONIC ACID 

(Aschan, B. gO, 1623). It reacts simi- C^HjClO,. Chlorodevulic acid. 
larly with other amide- compoundsj»-3. Ptiosphu- Ethyl ether A'Et (225®-230®), S.G. ^ 1*196. 

retted hydrogen fori»a chloro-acetyl-phosphide Prepared from 8 - acetyl • propionio ether 
CH^C 1 .C 0 .PH 2 , a white powder slowly decom- CH 5 .C 0 .CH..ClL.C 0 . 2 Etandchlorine> Colourless 
posed by water into PH, and chloro-acetio acid pungent liquid (Conrad a. Guthzeit,H. 17, 2286). 
(Steiner, B. 8.1178). CHLORO-ACEIYl-FilEA 

• Di-chloro-acetyl chloride CHCl,.CO.Cl. Mol. NH,.CO.NH.CO.CH 2 Cl. From urea and ohloro- 
w. 147}. (108®). ^ FormJa by the action of PCI, acetyl chloride (Tommasi, C*R. 76, 640). «^hin 
on di-chloro-acetio acid (Ottoa. Beckurts, H. 14, needles (from alcohol). SI. sol. boiling water. 
1618); or, together with the preceding, by boiling With thio-urea it forms urea, HCl, and tliio- 
acetyl chloride with PCI, (M,). Pungent, fuming *!)ydantoin. 

liquid: decomposed at once by water. Successive Tri-obloro-acetyl-«rea NH 2 .CO.NH.CO.CCl,. 
treatment with ZnMo, and water forma (6 p.c* of) [150®]. Formed by heating tri-chloro-acotyl 
di-methyl-propyl-q^rbinol (B.).» # ohloride*with urea (Tomm^i a. Moldola, C./. 

Tri • ebloro - acetyl chnrids CCIg.OO.Cl. 27,404), or urea tri-ohloro-acetate with PjO, (De 
(117-9®) (Tfcorpe, G. J. 189). S.G. 2 i g 5G4. Clermont, C. R. 78, 848). Needles or plates: 
C.E. (l®-^*) -001095; (0®-10(b®) 0013013. S.V. insol. cold water. 0 
125-51. • • . CHLORO- ACIDS v. Chloro- compookds. 

Formatiai^.-^l. From PCI, and CCl,.CO.H ^ a-CHLOEO-ACEYLIO ACID q,H,C10a ia. 
(0^, 0. R. n, iOJO). The yiolrf is very smaU. CH 2 :Cq>C 02 H. [65®]. ( 0 .178®). 

2. By the protracted aeffon of chlorine on ether, Fortnation.—l. From a/3-di-ohIoro-propionio 
the operation being eSnduoted toviarde the end acid CH^ClOHCI.COaH by treatment with baryta 
jn sunliglft (Malagutii A. Ck. [3] 16, 6 ). Also, or alcoholic KOH (WerlJJo, A. 170,168; B. 10, 
<fistfll|tion of panta-cbloro-etbyl ether 1499).—^. From e-di-ohloro-propionio acid 
(CtplJjO, og of percblorinated acetic ether CH 3 ,CCl 2 .C 02 H and alooboUo KOH (Otto a. 

Together with S(L from OjCl, Beokurta, B. 18,239). 
and 80, at IW® (Pradhomme, 0. R. 70,1137). iVoparriM.—Needles; ?. sol. water, bat may 
Also from 0,61, and SO,. be extracted by %ther. Faming H(R at lOQ® 

•D/qpaifw.—Liquid; decomposed by water fonns B/i4i-ohloro-propionie acid. 
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Salts.—AgA': whiteoryatallinepp.—EA'aq: 
needles.—BaA', 2aq: plates. 

/3-Chloro-aoryUo aoid CHCl:CH.COsH. [84®]. 

Formation, —1. From ethyl tri-chloro-Iactate 
(or Irom ohloralide), zino, and HGl in alcoholic 
solution (Pinner a. Bischofl, .4.179,85 ; Wallaoh 
a. Hunaeus, A. 193, 23).—2. By combination of 
prqpiolio aoid with HCl (Bandrowskj, B. ,15, 

2m). . 

Prcpc^ation. —From ohloralide (50 g.), alcohol 
(160 g.), Zn (80 g.), HCl (80 g. of S.G. 1-24). The 
Aaction is moderated by cooling, and after 24 
hours more HGl (20 g.) and Zn (15 g.) are added. 
After 24 hours HCl (30 g^ is added. The alcohol 
and by-products are*evaporated oQ and the re¬ 
maining Solution is extracted with benzene. fTho 
8-chloro-acrylio acid which is dissolved is subse¬ 
quently distilled with steam. 1,000 g. of chloral- 
ide yield 12 g. of 8-chloro-acrylic acid (Otto a. 
Fromme, A. 239, 264). 

Properties. —Flexible lamina, n^soh chloro¬ 
form, v. sol. water, v. e. sol. bcnz^ie. Abov^lS® 
it separates from aqueous solution in oily drops. 
AqueousHC#at80® givesCHCl 2 .CHj.CO 2 H. Com¬ 
bines with bromine (I mol.). » 

Salt.—AgA'. 

Ethyl ether "Eih!. (144®). 

a3-I)i>ehloro-acrylie acid CIIChCCl.COjH. 
[86®]. 

Formation. —1. By the action of KOH on 
muoooblorio acid (Hill, Am. 3, 168; B. 12, 656). 
9. By heating per-chloro-pyrocoll ooto-chloride 
or di-chloro-maleimtde with water at 130® (Cia- 
micion a. Silber, B. 16, 2392). 

Properties .—Monoclinio prisms ; a‘.jf:c =» 
l*18C5:l:-3637 (Hill a. Melville, P. Am. A. 17, 
181). Volatilises rapidly in the air. V. e. sol. 
water, alcohol, and ether; v. si. sol. benzene. 

Salts.—AgA': slender needles.—KA': felted 
needles.—BaA'jOq: trimctric plates. S. 6*6 at 
18®.—CaA', 3aq: soluble needles. 

S-Dl-ohloro^crylio acid CCl 2 :CH.C 02 H(?) 
[77^ and [64®]. This acid may possibly be alio- 
a/S-di-chloro-acrylic acid. Formed, together with 
/3'Cbloro-acrylic acid, by reducing ohloralide in 
alcoholic solution with Zn and HCl (Wallach, A. 
193, 20 ; 203, 84). Slender needles or mono- 
clinic prisms (from Chloroform) Volatile in 
sir; but cannot he distilled. After heating to 
120^it melts at 64®, but, on keeping, the melt¬ 
ing-point rises to 77®. V. si. sol. water; v. sol. 
ether and chloroform. Does not combine direc 
with Br. Not attacked water at 200®. Boil¬ 
ing baryta-water forms cnloro-acctyicno. 

Salts.—KA'.—AgA'.—CaA'22aq.—ZnA',,2aq. 

Ethyl ether Etk\ (174®). Saponified by 
cold EOHAq. Converted by treatment with 
AgjO at 125® and saponification of tho ^oduct: 
by Ca(OH )2 into maloifto acid. 

OAforiifl CCl/CH-COCl. (Above 145®). £ 

Amide CCljrCH.CONH,. [113®]. Needles: 

Tri-chloro-acj^lio acid CCUCCl.COjH. [76®]. 
8. 6 at 20®. From tri-chloro-bromo-propionio 
acid and cold baryta^water (MaSory, Am. 9, 3). 
Trimetrio prisms, si. sol. water, m. s^. hot CSj,^ 
V. sol. alcohol, ether, and chloroform. 

Salts.—KA': irregular plates, si. sol. cold 
water,—AgA': slender needles, v. si. sol. cold 
water. — CaA'jS'^aq : tuftf of needles. — 
BaA 1 3|aq: branches of pe^y needles- 


CHLOsS-AIDEEYSEti. Ohloiio-acsitio ala 

HIPB. • , 

CHLOEO-AIDOXIM *CH,.Cfl:NOCl. Formed 
by mixing solutions of aldoxim and hypo^orous 
acid; the liquid which sepai^tes beirs^ashed 
‘ with water and dried over CaCl,. Golout^esa 
liquid ef poeerful odour. Very unstable. De¬ 
composes exj^osively* on h€ating. Liberates 
iodine from HI (M^hlau a. Hoffmann, B. 20, 
1507). * ' 

CHLOEO-j^iIZAElN ^ v. Ohloho-di-oxt- 

ANTHUAQUINONB. 

CHLOKO-DIAILYL v. HBxarvL ohlobidb. 
a-CHIOEO-ALlYI ACETATE , 
CIL:CC 1 .CH 2 . 0 Ac. (146®), Formed in small 
I quantity, with other products, by tho action of 
I KOAc on di-chloro-propylentf OHjiCCI.CfijCl 
(Henry, B. 5, 454). • 

- ^-Chloro-allyl acetate CHCl:CH.CH..OAo. ( 0 . 
158®). Fromdi-ohloro.propyleneCHCl:CH.CH 2 Cl 
and KOAc (Martinoff, B. 8,1318). • 

a-CHLORO-ALLYL ALCOHOL C,HjC10 i.e. 
CH2:CC1.CH,,0II. (136 0 (H.); fe. 138® i. V.) (E.). 
S.G. 1*164- Formed by boiling di-chloro- 
propylene CHjiCCl.CHjCl (95®) with a dilute 
solution of KjCO, for some nours (Henry, C. B, 
95, 849). Formed also by the action of dilute 
KOH or Ag-jO upon o-chloro-allyl iodide 
CH..:CC1.CH.^ (Van Romburgh, B. T. C. 1, 
233). 

Liquid with faint aromatic odour. Does not 
attack tho skin.* M. sol. wlte*; gives a-chloro- 
allyl acetate (145°) with AOjO. When distilled 
wifh much water a-chloro-allyi alcohol yields 
acetyl-carbinol GHj-CO-GHjOH. HCIO gives 
CH 2 CI.CO.CH. 2 OH. 

R-chloro-allyl alcohol CHCltCH.CHjOH. 
(153® cor.) S.G. V 1162. V.D. 3*3. Formed 
by treating CHChCH.CHjCl with aqueous KOH 
at 100® (liomburgh, Bl. [2] 36,* 655). Pungent 
liquid, si. sol. water. Blisters the skin.**Com- 
I bines with bromine. 

I DI-C HL0E0-DI-ALIf7L-AMlNE C^H^CljN ».«. 
i (CH.:CCLCH,,) 2 >IH(?) (19l®). Froms-tri-chloro- 
i proitane and alcoholic ammonia by heating for 
j a few days at 140® (Enjler, Bl. [2] 9,134; A, 

! 142, 72). Heavy oil, si. sol. water.—B'ilGl: de- 
; liquescent needles.—B'jH^^tCl,. 

Tetra-chloro-di-allyl-aml&e ChH-CLN d.e. 

I (CHCl:CCLCH 2 ).,Nn. cFrom CH,Cl.CCl 2 .CH 2 Cl 
, and alcoholic Nil, at 120® (fittig a. Pfellor, A. 
'135,363). Alkaline liquid; cannot be distilled; 

I volatile with steam ; si. sol. water.—B'UCl : 
needles.—B'HjCjO^. 

S.CHLOEO-AXLYL-BEOMIDSv.CaLOBo-BRouo- 

PROPANB. 

CHL6E0-AI^YL-CHL0Bn)£ Dx-cblobo- 

PROPANE. * ^ 

CHLORO-ALLYLElfE V. Pbofara'ylohlorzdb. 
CHLOBO-ALEYL ethyl vTEthtl 

CBLORO-ALLTL OXIPB. 

CHLOEO-ALLYL ^ Chlobo-iopo- 

PROPARB. * e 

a-CHLOBO-ALLYL NITBATE O.H.CmO, 
CIl 2 :CCl.CH^N 0,4 (140®), From «^hloro.allyl 
alcohol, H 3 SO 4 , and HNOt (Henry, C. B. 95,849), 
or from a-chloro-w-ioao-propanet CH,:0C1.CH|I 
and AgNO,. Oil (Bomburgn, B. F. C. 1,238). 

a-CHLOBO-ALLYL TKIO-CABBIUID 81 
0,H,C1NS i.e. CH 2 :CC 1 .CH,NCS. ^(181®). From 
CH,:CCLCH 2 C 1 and potassium Bolphocyanidc 



CHLOEO-AMIDO-NAPHTHOIO LACTAM. 


a 


.(Henry, 0. B. 06,849 j Bl. [2] 89,%26). Liquid, 
smolling like mustardu Converted by ammonia 
into chloro-allyl thio-urea [91®]. 

CH1050-AILYL TKIO-ITBEA C3,C1N,S i.«. 
CH 2 ^ 1 .CHj.NH.CS.NHj. [91®]. Prepared m 
6 iK>^® (Henry, 5. 6,188). 

OHLOBO-AMIOES v. CuLORo- 4 oyiPOBVi> 8 . 

1)I.CHL0R0<AMI]}0»ACETIG E^HER 
O.HANO, i.c. CCl,(NH,).CO;Et. Di-chloro- 
flycocoll. Oxamethane ihloride. Frt5m oxamio 
ether and (WaUaoh, A. 184,8). Unstable 
crystals, splitting* off HCl* and leaving 
NH:CCl.CO;b:t»and finally N:C.CO,Et. 

iteacti^ns.—l. Water forms HCland oxamic 
ether.—2. Butyl alcohol forms b^tyl oxaniate; 
other alcohols and phenols act similarly.— 
'3.*P0C1, f»rn» NH(POCl,).CCl,.CO,Et [130®], 
which may be •crystallised from chloroform or 
ligroin, but is decomposed by water or heat. 

m-CHLORO-AMIDa-BENZENE (a).SULPH5. 
,KIC ACID C„H..CiNSO,i.e. CjH 3{CI)(NH,)(S0,H) 
[1:3:?]. Prepared by reducing w-chloro-nitro* 
benzene {o).siilfhonic acid with ferrous hydrate. 
Colourless soluble needles (Post a. Meyer, B. 14, 
1607). 

7n-Chloro*amido*benzeDe (i8).8alphonie acid 
C,H,(Cl)(NIl 2 )lSOjH) [1:3:?]. Prepared by re- 
duction of m*cmoro-nitro*benzeDe (3)-3ulphonio 
acid with ferrous hydrate. Plates, si. sol. water. 

Salts.—NaA'2aq : colourless needles. — 
PaA^T^aq: colourless thick needles, v. sol. water 
and alcohol (Post ft. Meyer, B? 14,1607). 

m-Cbloro-amido-bonzene ( 7 ). 8 ulphonic acid 
C,H,(C 1 ){NH 2 )^ 0 ,H) [1:3:?]. Prepared byisul- 
pHonation of m-ohlor-aniline. Sparingly soluble 
crystals. 

Salts.—NaA'^aq: yellowish needles. — 
NaA'2aq: colourless needles.—BaA'.^aq: small 
yellow needles, sol. alcohol.—SrA'o9aq: long 
colourle.ss needles, sol. alcohol and water (Post 
a. MIyer, B. 14,1607)? 

Di‘Chloro>aipido-bG;}zene sulpbonio acid 
Cgfi.;Cl.(NH,)(SO,H)« From amido • benzene 
m-sulphonic acid and chlorine (Bankarts, A. 181, 
212 ). Sender needl^ (containing 2 aq): si. sol. 
water. 

CHLORO-o-AMIDO-BENZOlC ACID 
CgHjC^N H,) (COjH) [1:4:6]. Chloro-anthranilic 
dtid. [204®]. 

Formation.—From cnloro-isatoic acid and 
cone. HCl (Urosoh, J.pr. [2] 33, 50). 

Properties.—Long white needles (from alco¬ 
hol). V. sol. glacial acetic acid, spetone, and 
alcohol, sol. other, benzene, and water confin¬ 
ing HCI, m. sol. chloroform, si. sol. water.*Its 
solutions have a yellowish ^k>ur and exhibit 
violet fluorescence, • 

Amide C,U,Cl.(NB^}.mNH^ [172®]. By 
the Ation *of hot NH^Aq npon ot^ro-isatoio 
acid. PlaftieedTes (from alcohol or from water). ^ 
Bol. alcohol, fce^oQO, and glacial acetic acid, ]|sb 
sol. chlorofofte, etlfer, benzene, And water. 

Chioro-o-amido-benzi^o acid 

C0H,Ol(Ni)(CO^) [1:2:8]. . • 

Chhro-<^nthranilic acid. [148®]. Fromsl 
chloro-nitro-liBnzoio aci<f [136®] by reduction 
(Cunze a. Hiibner, A, 135, 111; Hiibnera. Weiss, 

6 * 175). Long needles, v. sL sol. water.— 
U^2aq. - - C»A',1H' - BaA',1 Jaq. - 


Chloro-m-amido-bensoic acid 
CJE[3CI(N^)C0,H [1:2:4]. [212®]. Obtain© 

by redneing the nitro-aoid [180®] (Reveill, A 
222, 184). Formed also by boiling the diaze 
imide of benzoic acid with HCl (Oriess, B. 1£ 
315). Reduced by sodium amalgam to m-amidc 
benzoic acid. Salts. — PbA',. — CuA^ - 
HA'H,JO,. 

CMoro-m-amido-benioie acid ^ 

C„H,dl(NH JCO,H[l:2:6]. [185®]. Foriaedtogethe 
with the [1:3:4] isomeride by boiling the w-diazo 
imide of benzoic-acid ChH,N,.G 02 H with 1^ 
(Griess, B. 19, 315). White tables or smai 
prisms. V. sol. hot water. '' 

Chloro-m-amido-blnzo^ acid 
CJEI,CI(NH,)C0,H [1:4:6]. [212®], From thi 
nitro- acid [166®] by Sn and HCl (Wilkens a 
Back, A. 222,^198). Brownish needles (from 
water); v. sol. water or alcohol. Reduced bj 
sodium amalgam to tn-amido-benzoic acid. 

Salt sis-PbA'j 11 aq.- {A'Gu),0.—HA'HCl.- 
H|'H,SO,.-aA'HNOs. 

s-Chloro-m-amido-benzoic acid 
C,H,C1(NH2)C0.H [1:3:5]. [2>6®]. From 

C.HjCKNOJCOH [147®], Sn. and HCl (Hiibner, 
A. 222, 90). Long needles; v. sol. alcohol or 
ether, si. sol. water. 

Salt B.—BaA'j 4aq.—AgA'.—Cu A'^j. 

Di-chloro-o-amido-benzoic acid 
C«H,Cl 5 (NHJCO,H [1:2:4:5]. Di-chloro^an- 
ihraiiilic acid. [222®.224®]. Formed by boiling 
di-chloro-isatoic acid with oono. HCl (Borsch, 
J. pr. [2] 33, 62). Needles. V. sol. ordinary 
solvents, except water. 

Amide C,H,CL.(NH,)CO.NH,. [284®]. From 
di-culoro'isatoio acid and aqueous ammonia. 
Short thick needles (from alcohol-acetone). SI. 
sol. all solvents. 

Tri-chloro-amldo-benzoio acid 
C,HCI,(NH,)(CO,H) [1:3:6:2:4]. [210®]. From 
tri-chloro-nitro-bcnzoic acid, tin, and HCl (Beil- 
stein a. Kuhiberg, A. 152, 240). Small slpnder 
needles (from water); si. sol. boiling water. Does 
not unite with acids.—BaA'j 3aq. 

Tetra-chloro-amido-benzoio acid 
Oe01,(NHj).CO;H [1:2:3:4:6:6]. Tetra-chloro- 
anthranilic acid. Obtained by reduction of 
tetra-chloro-nitro-benzflic acid with tin and 
HCl. Colourless amorphoas solid. sol. 

! alcohol, nearly insol. water (Tust, B. 20, 2441). 

DI-CHLORO-o-AMIDO-BENZOIC ALDEHYDE 
|•C«HJClJ(NHJ)CHO. [78®]. Obtained by reduction 
of di-chloro-nitro-h^nzaldehyde with FeS 04 
and NHj (Gnehm, B. 17, 764). Yellow needles, 
SI. sol. water. 

CHLOBO-AKISO-ir AFHI^L£N£ v. ChIiOBO- 

N.PBWtUMIin!. 

CUoro.di-uinldo-aa;J)tIialesa v. Csuoio- 

NAPHTHTLUN8-UUUIHK. 

CBL0S0-AlIIl}0-(a)-irA7HTH0IC lACIAM 
• NH-CO 


0„H,01N0i.«r! 



[STO"]. CMoro-amdo- 


ta)-naphthoii. Ohlom-naphthottyrU. Fonutd 
OT reduotion of ohlaro-mtro-(a)-n8pl)thoio add 
(026°] with FeS& and yellow needlat 
((ram alcohol) (Elifacaod, B. 18,2881). 
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OHU)ROAMIDO.NAPHTHOIO LAOTAM. 


Bi'OMoro-amido-iiaplitliolo lactam 

< CO 

} Di^hhrO'naphthostyril. [265®]. 
NH 

Formed hy oitiorinatios of the lactam of amido- 
(a)«iiaphtboio acid. Also by heating Ditro-(a). 
aapbthoic acid [215®] with excess of fuming HCJ 
lor two hours at 140°-150®. Yellow needhs (from 
acetic acid). Si. sol. alcohol (Ekstrand^ B. 19, 
1132). " 

CHLORO-o-AMIOO-FHENOL 
0,H,C1(NH,)(0H) From ohloro-o-nitro- 

? henol, tin, and HCl (Faust a. Saame, A. Siippl. 

, 193).—B'HCl: laniinro (from water). 

Methyl ether C«H3(5l(NH,)(OMe). Chloro^ 
anisidvne [62®]. (260°). From the nitro- c^m- 
pound. Whito needles or prisms. Sol. alco¬ 
hol, ether, and benzene. Salts.—B'HCl: 
oolonrlesBBoluble needles.—BsIijCljPtCl,: soluble 
yellow needles. 

Picrate B'C,H,(NO,),OH-..[alrmt 200°]; 
yellow needles, sol. alcohol and«‘ether, si. ^ol. 
water. 

Acetyl i^erivative [150°], (320°),glisten¬ 
ing plates (Herold, B. 15,1685)^ 

Ghloro -p. amido - phenol C^HjCUNH^KOH) 
[1:3:6]. [163°]. From p-nitro-phenol by treat¬ 
ment with EClO, and HCl and reducing the 
product with tin and HCl (Eollrepp, A. 234, C). 
Unstable needles, v. sol. alcohol and ether. 
Bleaching powder and HCl give chloro-quinone 
ohlorimide C,HjCl(NCl)0. Salts. — B'HCl: 
trimetrio plates. — 2aq : scales.— 

B'H 2 C 304 3^aq: needles. — TartrateB'C^H^O^; 
monoolinio crystals, insol. water. 

!Di-clLlor<w>-amido-pbenoI ^ 

C,H20L(NHj)(OH) [1:3:5:6]. Prom di-chloro- 
nitro-phenol [121°] by tin and HCl (Fischer, A. 
Suppt 7, 189). Unstable scales; reduces 
AgNO„ forming a mirror.—B'HCl: ppd. by 
HCl from solution.—B'jHjSO,. 

Bi-ehloro-p-amido-pbenol 
C,H,C1,(NH2)(0H) [l:3:5;2j. [167°]. From di- 
oUoro-nitro-poenol [125°] by tin and HCl 
(KoUrepp, A. 234,10; Seifart, A. Suppl 7, 202). 
Needles (Rom water); may be sublimed. Oxi¬ 
dation gives di-chloro-quinone. llCi and bleach¬ 
ing powder give di-^^hloro-quinonimide.— 
B'HCl.—B'HBr: hexagonal plates; v. si. sol. 
oold^ater.—B' 2 H,o 04 3aq; needles.—B'HNO,: 
[110°]; plates.—B'H^CjO,: needles. 

Di-ebloro^pamido-phenol C,HjClj,(NH 2 )(OH). 
[173°]. Formed by passing HCl into an ethereal 
solution of p-nitroso-phexol (Jaeger, B. 8, 895}. 
Needles; may be subUmed. Is perhaps identi¬ 
cal with the preceding. ^ 

Methyl ether C«H 2 Cl,(NH 2 ){OMe). [72°j. 
Formed by pissing HCl into a solution of 
p-nitroso-phenol in M|0H (J.). Long slender 
needles (from dilute alcohol). . 

Ethyl ether. C,H 2 Cl 2 (NHj)(OEt). [46°].* 
(275°). t 

Trl-chloro-m-omido-phenol 
C,HCl,(NHj)(OH) [1:3:6:6:2]. [96°]. Formed 
beam tn-chloro-nitro-pkenol C,HC 1 |(N 03 )( 0 H) by 
reduction with tin and HCl (Dacco&o, B. 18, 
1X66). Colourless silky needles. Y. sol. alcohol, 
ether, benzene, and hot water; Fe,Cl« gives a 
qjilendid violet-red oolonratioa. . 

Xri’«hloroM]nido>phenol‘ j 

0^01,(NHJ(OH). (169°3. I 


Formation. — 1. From p-amido-phcnol hf 
chlorination; Uie by-pfoduots are tri- and 
tetra- chloro-hydro-quinone (Lamport, J.pr. [2] 
33, 371).—2. From quinone chlorofirai^ and 
cone. HCl (Hirsoh, B. 11,1981^ 13,190f). , 
Preparation.—By passing chlorine gas ifto 
cono. HCl iC which p-.imijo-phenol hydro¬ 
chloride is faspendod.' The reaction is ended 
as soon a portion ef the crystalline product 
dissolves completely in water and gives, on add¬ 
ing bleaching<)owder soUtion, flScculent tri- 
chloro-quinone chloro-imide, while the super- 
natant liquid shows no turbldify (which would 
bo duo to oily di-chloro-quinone chtoro-imidol. 
The base is precipitated by Na..COj (R. Schmitt 
a. M. Andresen, J. jpr. [2] 24,426). ^ 

Properties. —Glittering neeqles (from alco¬ 
hol). Is a weak base, its hydrochloride being 
decomposed by boiling eiith water (Hirsoh, B. 
13,1903). 

Pcactions.—l. NaOH solution and air converf- 
it into tri-chloro-quinone.—2. diazo-reaction 
it yields tri-chloro-phenol [64°j.—3. Bleaching- 
poioder and HCl give tri-chloro-quinone chlori- 
mide. Salts.—B'HCl.—small needles. 

CHLORO-p-AMIDO-PHElfOL »/.8ITLPH0NIC 
ACID C„H 3 CI( 0 H){NH.S 03 H) [1:2:5]. Formed 
by adding cono. aqueous NaHSOj to mono- or 
di-chloro-quinone chlorimide, air being excluded 
(KoUrepp, A. 234,21). Anhydrous needles (from 
hot water), whic^hange uni^r water to trimetric 
prisms (containing 2)aq). Bl.^sol. oold water, 
insol. ether. Reduces boiling Fehling’s solution. 
Gi^s a silver mirror. Converted by nitrous 
acid into the diazo- acid CjHjOlN.SO, 3aq which 
crystallises in prisms. Salts.—ZnA',: trirae- 
tric prisma.—NiA'j.—CuA',: minute yellowish- 
brown needles, insol. oold water. 

CHLORO-o-AMIDO-DIPHENYL 0„H,oClN 
t/. C, 2 HhCI(NH 2 ). [48°]^ Formed by reducing 
n-nitvo-diphenyl with tin and HOI (HUtftier a. 
Osten, A. 209, 340). Lcgig needles (from dilute 
alcohol); si. sol. water, % e. sol. alcohol 6nd 
ether. Its salts are partially decomposed by 
water.—B'HCl: lamime.-v-B'^^PtOl^t orange 
table 8 .-BHN 0 a.-B' 2 H,S 04 . 

Chloro-di-ainido-diphcnyl 
C„H 4 (NH 2 ) .0,H,CLNH2. Formed by allowing an 
alcoholic solution of benzeno-azo-p-chloro-beli- 
zene mixed with SnCifand a couple of drops of 
HjSOf to stand in the oold. The base was not 
isolated in a pure state. The hydrochloride 
B"H,Cl 2 fo^s white concentric needles (Mentha 
a. Heumann, B. 19, 2970). 

^i-ohloro-dl-amido-dlphenyl 
C,H,CI(NJl 2 ).O.H,Cl(NH 2 ). fcP0°]. Formed by 
treating p-ohloro«6enzene-azo-p-chloro-benzene 
0 «H 4 CI.N 2 .CJH 401 viritk ^nCl, (Schultz, B. 17, 
464). Oiiifcfring^aminsB.—B'H^SO*. c 

CHIOBO-Dl-AUIBO-DI-PHENYfi-AtflNE-o. 
CARBOXYLIC ACID . , 

0;EI,Cl(NH2),.i5H.0,H4.C02Hi [o. M0°]. Formed 
by reduction of ohloro-di-nitro-di-phenyl-aminc- 
o-oarboxyUo acid with tin*and HCl (Jourdan, B, 
18, 1455). Coloufless felted needleft SI. sol. 
hot water and ether, nearly inso^ benzene and 
ligroin. Fe^GIf gives a brownish-vjolet coloura¬ 
tion. 

Dl-CHLORO -TRI • AKIDO -TRI -PEENYL- 
CARBINOL 0„H„C1,N,0<.«. « 

C(0H)(0,H,01.NBy,(0,H4NH^. Di-cWoropara- 



CHLORO-AMYL-ALCOHOI. 


' fontiuiuM. Formed b^heaUngp-tofaidine (21 g.), 
o^loro-toluidioe (SO g.), and aqaeous arsenie 
acid (106 g. oi 75 p.c.) at 190° (Heamann a. 
HeidUergi’B. 19,1089). Lnstrona green mass. 
Djea wmuoh biter shade than ordinary rosani- 
U«e. 

CHUOXO-AXIDO-FHENTIEIiE KESCAF- 
TAB 0,H.0mS, le. O.H|Cl(Niy (88), [.8:6;2:1]. 
From the ohloride of gt-obloro-nitro-beneene 
disniphinio aeid by tin and HCO (AUSrt, B, 14, 
1486). Dost not rotct rrith formie aeid. 

CHLOBO-AHISO-FHENTL-^KTIEHE 0. 
CliniOso-AMii}0-#TitaKa. 

CHEOIU) - AMISO - FHENTL ■ OITOXYIIO 
AOIS V. IssTni. 

CHLOSO-AKIDO-FHEinri MEEOAFTAH 
C,H,Oi(NH5(SH). [130°]. From m-chloro- 
nitro'benzene sulphonio acid, tin, and HGl 
(AUert, B. 14,1433).-J3'HC1. , 

Exo ■ OHIOEO - esoAMIDO - FEOFYL- P YEO- 
sCATSCHIH Mono-metityl ether 
C,H.Ci.O,H,(NH,)(OMe)(OH) [1;5;3:4]. [97°]. 

From nilro-eufenol C.H,.C.U,(NO,)(OMe)(OH) 
by tin and HCl (Wcselsky a. Benedikt, M. 3, 
369), Pearly plates (from aloohol).—B'HCl aq. 

TEI-CHIOEO-AMIDO-FYEIDIHE 0,H,C1,N, 

probably N<^^{-^^,>C.NH,. [168°]. Formed 

in small quantity, together with di-ohloro-di- 
oxy-amido-pyridine, tri-chloro-oxy-amido-pyri- 
dme,and tetra-ohloro-amido*p^ridine,by heating 
glutazine withCCfl, (6 to 7 pts.). Long felted 
colourless needles. Sublimable. V. sol. alcohol, 
si. sol. hot water. Dissolves in aqueous e#ids, 
blit not in alkalis. Its hromo-derivativi 
forms flat colourless needles [223'^] (Stokes a. 
Fechmann, D. 19,2710; At>i. 8,392). 

Tetra-obloro°amLdo«pyridine 0tH3N,Gl4 pro* 

bably [212°]. Formed, 

togeither with an eqdbl quantity of tri-ohloro° 
oxy-amido-pyri|dine, and small quantities of di- 
oWoro-di-ozy-amidozn/ridine and tri-chloro* 
amido-pyridine, by noating glat^ine with PCI} 
(6 to 7 nfcls.). Thin colourless ^ates or cubical 
crystals. Sublimabta Sol. hot benzene, m. sol 
hot aloohol, si. sol. cold alcohol, insol water. It 
does not dissolve in aqueous alkalis, and only 
slightly in cone. HCl Alcoholic NaOEt forms 
C}H 3 N,CI,(OEt) [83°]* and 0}H,N3Cl,(OEt), 
[98^] (Stokes a. Fechmaim, B. 19, 2710; Afn, 
8,396). 

DI-CEIORO-BI-AHIBO-QUINONS 
C.C1.4(NH,).^0,. Ghloranilamide. f^repared by 
adding crystallised tetra-ohloro-quinone r^bed 
up with fldcohol to a boiling alooholio solution 
of ammonia; aftlr the tetr^-chloro-qbinone has 
dissolved, the compound s*eparates in brown 
needles (Uiurent, Bev* Scient. 19, 141; A. 52, 
347; Enafp a.4ohults, A.2lb, 188^ Dark lus¬ 
trous need^, insol water, alcohol, and ether H 
readily suvinfbdL Its 6o!uti<m in alcoholic 
KOH is violet. Boiling BnCIy^forms unatabla 
0,Ol3(NHJ3(OI^,. Fuming HNO.forms ohloro* 
picrin ana oxalic acid. • 

•.CElOSO^o-ASaDQiSTTESNS • 

OgH.(NHJ.Cfe:CHCl. o^Amido-phenyla-chlorO’ 
White concentric prisms. V. sol 
alcohol and ether, ▼. si. sol. cold water. Formed 
by reduotioesot w-ohloro-o-nitro-styrene with tin 
ftod HOI. Bj heating with sodium ethylate at 
Tou 11, 


about 170^ it gives indole.—BHCl: colourlei 
needles, v. sol water and aloohol (Lipp, B. 1' 
1071). 

CHXOKO-AHI])0.8FLFHO-BEFZOIO ACl 
0,H,ClNS0j i.e. C4H3C1(NH3)(S0,H)(C0.,B 
[1:2:2:3J. From ohloro-o-amido-bcnzois acid an 
faming H^SO, (Cunze a. Htibner, A. 135,113).- 
BaA": flumps. 

CHLOBO-AltlBO-THTHOZi ^ 

C,HOTePr(NH,)(OH). (101®] (A.); ^103®] (S.) 

Breparaticn.—l. By pouring 4 vols. cono. HC 
upon thymo-quinone-ohloro-imide iq-v.}; th< 
liquid begins to boil and yellow crystals separate 
The liquid is shaken with ether, atd the ether 
containing ohloro-thylno-^uinones, is decanted; 
tl^ residue, in which the ohloro-amido-thymo! 
hydrochloride is suspended, is then filtered anc 
decomposed by Na^CO,. It dissolves in excess 
of Na.^GO., giving the solution a green colour. 
This must be avoided.—2. In a similar way 
from chloim-thymo-quinone-chloro-imide (q.v.). 
3. From Uiymo-quinone-oxim (nitroso-thymol) 
aift cold fuming HGlAq (Sutkowski, B. 19,2315). 

^Properties .—Glittering crystals (from water), 
y. sol alcohol and ether (Andreson, J. pr. [2] 23, 
175). Bleachinf.powder forms chloro-thymoqui- 
none chlorimido. Heating with chloranil in 
HOAc produces a red dye 0,,nHq}Cl,N,0, [232®]. 

CHLOBO-AMIBO-TOLFENEv. Chlobo-tolui* 

DINE. 

CHLOBO-AMIDO-XTLENE v. Chlo&o-ziu* 

DINE. 

exo-Cbloro*amido*o*zyleue 
ClCR^.C^Hf.CHjNHj. Formed by the aotion of 
HClAq at 200® on its phthalyl derivative (Strass- 
magn, B. 21, 581). 

Phthalyl derivative 
[l- 2 ]ClGH 30 .H 4 .CH.,.N(CO) 3 C.H 4 [l- 2 ]. Exo. 
ehlorO'Xylene-phthalimide. [140®]. Formed by 
the aotion of exo-di-chloro o-xylene (1 mol) on 
potassium phthalimide (1 mol) at 200® (Strass* 
mann, B. 21, 580). Prisms (from adoohol). 
Heated with HOlAq to 200® it is converted into 
phtholio acid and exo-chloro-amido-zylene. 

tf.GHLOBO-ISOAMYB ACETATE 
04 H,,CHCIOAo. jll8®-128®). S.G. 17,987. From 
isovaleric aldehyde and AcCl (Maxwell Simpson, 
Pr. 27, 120). Liquii^ slowly decompose by 
water. 

Tri>ohloro.sec.amyl*aoettfte a 

CHMo(C,HA)-OAo. (129^34®) at 25 mm.| 
(237°) at 726 mm. S.O. 1-305. From ma- 
thyl-tri-ohloro-propyl oarbinol and AcCl (Garza* 
rolli-Thumlackh, A.« 33,161). 

CHy)E0.AllYI.-At00H0L 0,H„010 t.a. 
CjH„Cl(OH). AmvtoMgfycc4 cWorbpdrin. (165°). 
From orude amylena and aqneoas HGIO (()arius, 
A. iSO, 199: Eltekofl, /. R. 14, 860). V. Ml. 
water. Deoompoaed bgr potash with formation 
of amyleno oxide. Na,80, forms oiy-pentane 
anlphonio acid ({. V.), 

Trltchlcr(i.ain 7 l alcohol OA01.0 ^ 
CH..OH01.CCl,.OH5Io.OH. [60-6°]. (109°) at 
20mm.; (12f’) at41 mnu Fromtri-ohloro-butyrie 
oldchydt^nd ZnMe, in* ther, fallowed by water 
(Garzaroui-Thamlaokh, A. 2iS, 149). 

Properffei.-^Silky needles grouped inrosette, 
(from ether). Smells of camphor. Volatile sHib 
steam, FiuntIy|olubla in water, t. ioL alo<M 
and ether. Carbonised by cone. E,SO,. 

I> 
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OHLOROAMYL-ALOOHOL. 


Reactioits .—1. Warm fuming HNO, gives 
CO, and tri-ohloro*butyrio acid.-»2. H»S04 and 
K,Cr,Oy give the ketone O,H40IrGO.Me {191®- 
193®).--d. Finely divided iron and acetic acid 
reduce it to ohloro-pentenyl alcohol (9. v,). 
CHLOBO-AUTL-AKTK&ACENE C,,H,4Gi or 

[71®]. Prepared by chlo- 

rinVlion of amyl-anthracene in CHCl, Light 
yellow nledlcs with blue fluorescence. 

Picric acid oompoundi rod needles (Lie- 
Hermann a. Tobias, B. 14, 797). 

a-CfilO^O - n . AUYIEKE O^H^Cl i.e. 
CH,.CH,.CH,.CCI:OH,. ^96®). S.G.?1**872. From 
amylene ohloride aifd alooholio KOH (Bruylants, 
B. 8. 411). f 

«.Chloro-iso-amylene (CH4),GH.CH:CnCl. 
(86®). Fromi8oamylidenedichk)ridePrOH,.CHCL 
and alooholio KOH (B.). 

Chloro*amylene OjHjCl. Valerulene hydro¬ 
chloride, (100®). From voleryieni and fuming 
aqueous HOI at 100® (Reboul, .^.^867,173)r 
Isopreae hydrochloride CjHjCl. (85®-91'’). 
S.G. 9 -SSS^iBouchardat, C. R. 89,1317). 

Di-ohloro-amyleae CH5.(?H:CC1.CHC1.CH3. 
{142®-144®) at 736 mm. From ohloro-pentenyl 
alcohol C,H4C1.CH(0H).CH, by PCI,. Partly 
converted by boiling water into chloro-pcntenyl 
alcohol (GarzarolU-Thurnlackh, A. 223,160). 

Bi-cmoro^amylene C^HhOL. (146®). Fromtri- 
ehloro-bexoio aldehyde and cone. KOHAq (Pin¬ 
ner, A. 179, 85; B. 10, 1052). Gives with bro¬ 
mine C,H4Cl,Br, (230®-240®). 

Tri-chloro-smyleae C.sH,Cl,. (200®). From 
tetra-chloro-pentane (240®) and aJcoholin KOH 
(Bauer, C. R. 51, 672). 

CHLOBO-AMYLENE Dl-CABBAMIC ETHEB 
0„H„01N,04 C,H3Cl(NH.CO,Et),. [130®]. 
From isovalerio aldehyde, oarbamio ether, and 
HCi (Bisohoff, B. 7, 633). 

CHLOBO-BI-AlItTI SUIPEONE 
0^H,4C1.S03.C,H„. (330®). Formed together 

with di-ohloro-di-amyl aulphone (C4H,oCl)jSO; by 
treating di-amyl suiphone with ICl, at 130® 
(Spring a. Winssinger, Bl. [2] 41,307). 

CHLBBO.ANETHOL C,4H„C10. [6®J. (258®) 
(Ladenburg); (229®) (Landolph). S.G. 9 1'116 
(Lad.); 1*191 (Lan^. Prepared by the action 

of PCflj on anetiml (Ladonburg, A. Suppl. 8, 90). 
By^treatmenl with KOH it gives a mixture of two 
liquids, the flrst of which, C.^H^O,, boils at 
(268®-270®),and the second can be converted i^o 
the first by more prolonged action of the KOk 
(Landolph, B. 18,148}.» 

GHLOBO-AITGELIC ACID 
CH,.CC1;CH.CH^.,H (?) [104®]. The ethyl 
ether is formed by treating di-chloro-angelic acid 
in alcoholic solution with zinc and HCP(PiDnor 
a. Klein, B. 11,1408)1 

Ethyl ether BiA'. Liquid. ^ 

Isomeride v. ChZiOBo-tiouo acid. 
Di-chloro-angelie acid CgH^CLO, i,e. 
CH,.CCl:CH.CHCl.CO,H(?). From dioro-oxy- 
angelio acid and PGl^ (Pinner Klein, B- 11, 
1498), OU. a • 

CHLOBAHILIO ACID v. jp-Dx-OHLOBO-y^-nz- 

OXT-qeZNOMS. 

oCHLOBO-AVUlVB C«H,C1N ie. 
aH4Cl|N^[i:9]. Mol. w, 137*. (207® i.V.). 


F'omafion.—By reduction 0 ! o-ohlon>-niM^- 
benzene. May be separated from p-ohloro-ani- 
line by distilling the sulphates with steam, that 
of o-chloro-aniline being decomposed (^Istein 
a. Kurbatoff, A. 176, 27). « # ^ 

Salts.—B'HCl: trimetrio plates: S. 1C at 
15°.-B'HN©,; S. 10atl8-6°.—Piorate: 7 . si. 
sol. cold wftes; si. soA alcohbl. 

Acetyl derivative C^ 401 (NHA(^ [88®]. 
Long flat needles (from dilute HOAo) (Beilstdin 
a.Kurbatofl,^.182,100)« • 

w-Chloro-aniline CaH 4 Cl(NH,) [1:8]. (230® 
i. V.). S.G. 9 1*243. From m-0hloro-nitro-benz. 
cne (B. a. K.). Its salts are hardl>decomposed 
by boiling water.—B'HCl.—B'HBr: long red 
needles (Staedel, B. . 16, 28). — B'HNO,.— 
B'jHaSO,: si. sol. cold water. • ® 

Acetyl derivative C 4 H 4 Cl(NHAo). [73®]. 
{cNocdlee. • 

2 ).Chloro-amline CaH^CUNHA [1:4]. [70®]. 
(231® i.V.). • (. 

Formation.—!. By distilling ohloro-isatin 
with KOH (Hofmann, A. 53,1]?—2. By reducing 
^-ohloro-nitro-benzene with SnCl,.—3. From its 
acetyl derivative obtained by chlorinating acet¬ 
anilide (Mills, P. M. 49, 21). 

Properties. —Trimetrio prisms. Is a strong 
base. 

Salt8.-B'HCl.-B',H,PtCla.-B'HNO,: la- 
min®, S. 6’7 at 12 5°.—B' 3 H,S 04 : si. sol. cold 
water.—B'H 2 C ^4 *aq. 

Acetyl derivative [173®]. 

Thick needles (from dilute HOAo). 

• c-Di-ohloro-aniline G 4 H,Ql 2 (NH 3 ) [1:2:8]. 
Mol. w. 162. [24®]. (252®). From nitro-ben'zene 
by chlorination, in presence of SbCl^ and reduc¬ 
tion (Beilstein a. Kurbatoff, A. 196, 214; B. 11, 
1860). Needles (from ligroin). 

Acetyl derivative 04 ]^Cl 4 (NHAo). [157®]. 
c-Di-chloro-aniline CjHaC^NHa) [3:1:2]. 
[39®]. From di • chloio • nitro • benzeM [71®] 
(B. a. K.). Needles, v. sol. ligroin. 

Acetyl <icrivoftt;«0«HsCL(NHAo).fl75®]. 
s-Di-chlaro*anilins C 4 H 3 Cll(NHJ [1:8:5]. 
[50*6®]. (260® i. V.). jProra s-di-ohloro-nitro- 
benzene (Witt, B, 8,145; B. a. K.; Langer, A, 
216,120). 

Acetyl derivative C«H»Cl8(NHAo). [187®]. 
Di-ehloro-aniline CaHjClJNHa) [1:4:2]. [^®]. 
(251®). From di-Chloro-mtro-benzene [66®] 
(Jungfleisch, A. Ch. [4] 15, 252; B. a. K.). (261®). 
Formed also by chlorinating m-ohloro-anilina 
and by heating nitro-benzene with fuming HOI 
at 245® ^aumhauer, A. Suppl. 7, 209). CrOg 
^es di-ohloro-quinone. 

Acetyl d<V'i»o<»®«0,H,Cl.j(NHAo). [182°], 
Di-ettloro-anpine CjH,Clj(NHj) [1:8:4]. [68°], 
(245°). From acetanilide (1 mol.) and chlorine 
(2 mole.), Obtained also b; ohloiinatin, o- or p- 
shloro-aniftine (Oriess, A. Itl, 2(6; Beilstein. 
A. 182. 95; Witt, B. 1, 1602).-B'HCL- 
B',H,PtCl.. . » 5, 

Acetyl derivative OACI.(NHAo). [148°] 
Bi-ehloro-aniUne C,H,C1.,(NB,) [1:2:4] 
[71'5°]. (272°)/ From di-chloro-aitro-benzene 
[43’], or b; ohloeinating m - ohloro - aniline 
(B. a. K.). Long needlea; strol^ baae. 

Acetyl derivative C,H,OUIlHAa) 

[120-5°]. 

c-Tn-eUaro-aaiUs* [1:8:8:41. 

Uol.w,196-S. [67-6°}. (298°rT.). 
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CHLOliO-ANTHRACENE^ABBOXYLIO ACID. 


* Fonnatton.—!. From its acetyl deriTative. 
3. By reducing [1:2:3:4]. 

Ac^tvl derivaUveCJt,{mh.c)C\,. [122°]. 
Wbeaohufrine is pasacd into a solution of acetyl 
m>chToft)'aniline»m strong (90 p.e.) acetic acid, 
tiA aoetyl-trichloro-anilines are formed; one of 
these, C,H.,C!,(NpAo) [1:2:4:6] [fts®] il hardly 
coluble ID dilute (50 p.o^ acetio* adid, the other 
[l;2:d:4] is soluble (Beiletein a. Eurbatoff, A. 
102, 234). 

Trl^3hloi%>aniline 0,H^Cl,(ilH.J [1:3:5:6J. 
[77*5®], (262° 1. V.). From aniline, j»-ohloro* 
aniline, or (^1, %, 4)*di-chloro-aniIme in glacial 
aootio aeid»by chlorine (Hofmann, A. 63, 85; 
Beilstein a. Eurbatoff, B. 11, 1362; Longer, 
A. 215, 11^. Also aniline and SO^Cl, 
(WengholTer, J. pr, [2] 16, 449). Long needles 
(from ligroin). 

Acetyl derivaline C^H^CyNHj). [204^. 

Tri-cWoro-aniline C^Clj(NH.J [1:2:4:6]. 
<[96°]. From C„H^(NOjCla [58°] (Lesimple, 
A. 137, 125; Beilstein a. Eurbatoff, A. 192, 
231). Obtained also by chlorinating (2, 5, !)• 
or (3,4, l).di-chloro-aniline, or m-cliioro«aniline. 
Keefes (from ligroin). 

Acetyl derivative 0,,H2C],(NHAc). 
[185®]. 

i - Tetra - chloro - aniline C„HCl 4 (NHj) 
[1:2:3:5:6J. [88°]. Formed by chlorinating m- 
chloro-auiline (B. a. E.). Gives, by eliminating 
Nil,, tetra-chloro-benzene [51°J. 

Acetyl derfvStive C«HCl,(NHAc) [174°]. 

$ ■ Tetra • chloro • aniline G„HGl 4 (NH 2 ) 
[1:2:4:5:6]. [90®]. Prepared by reducing s*ts4ra* 
ehloro-nitro-benzene (Lesimple, Z. 1868, 227). 

c-Tetra-chloro-anilino C,HCl 4 (NHJ. [118®]. 
From c-tetra-ohloro-nitro'benzene (Beilstein a. 
Eurbatoff, B. 11,1862). 

Acetyl derivative [154®](Tust,jB.21,1533). 

Penta - chloro - aniline C#C1»NH, [232°]. 
FronffS'dj-chloro-anilifLe by chlorinating it in 
ethereal soluti^ (La^er, A. 215, 120). Ob* 
taiaed also by rediming penta • chloro • nitro • 
benzene (Jungflclscn). Lon^ ^ite needles 
(from alc<mol). V. soL alcohol and ether, m. sol. 
benzoline. By furtTier chlorination in acetic 
acid solution it gives penta • chloro • phenyl 
hypochlorite C.CIjOCl. 

• 0HL0E0*AH18IC*ACID v. Methyl derivative 
of ChLOBO'OXY.BBNZOIO 

CHLOBO-ANISIBIKE v. Methyl ether of 

CULO!t0.iniI>0*PHBNOI,. 

CHLOBO-ANmACENE C,4H,C1. [103®]. 

Obtained by fusing anthracene dicb*loride (Per¬ 
kin, C. N. 84,146). Qolden.yellow needles, vJSol. 
ether, alcohol, and^benzene, l^e pi(yrie acid 
compound forms scarlet ne^es. 

m.j4).cl(Joro-»athrii,e'5ie 

[209^. Fownodrty the action oJ^mols. of) 
chlorine upon anthraoene.(A)-carbozylio acid or 
upon {A. l)>«ld):o#Dthraosne-(A 2)-oarboxyiio 
acid (Bohla, B. 20,704). Breparea by chlorinating 
anthracene (Laurent, A. 34, 294; Perkin, 0. J. 
24, 14; Oyoibe a. Liebermalln, 1. 160, 187;. 
iiuppU 7,284). Long yoll%w nee^es; v. sol. ben- ^ 
Zeno, si. sol. doohol and ether. Not affected by 
boihag KOH.Miv68 anthttgoiaoneon oxidation. 


U-ehlozo-anthraosna C«01^, 




[266®]. From totra-ohloro-anthraquinone by 
heating with zino-dust and aqueous ammonia 
(Kircher, A. 238, 347; B. 17, 1169). Slender 
needled. On oxidation it gives di-chloro-anthra- 
quinono. 

Tri-chloro-anthracene C^HjCl,. [163°]. From 
di-cliloro-anthracene diohloride and alcoholic 
KOH (Skhwarzer, B. 10,378; cf. G. a. L.).J; 0 ] 
goldeni needles (from alcohol). The ai<^oi 
solution shows blue fluorescence. 


Long 

nolie 


Tetra-ch!oro-anthrao 0 B 0 CaCl, 




[149®]. From tetra-c^lorq.benzoyf-benzoio acid 
(1 pt.), red phosphorus (^pt.), and fuming HI 
(4^ pts.) at 215® (Kircher, A. 238, 846). Slender 
needles, so), benzene and chloroform. CrO| gives 
the corresponding tetra-chloro-anthraquinone. 

Tetra-chloro-aathraceue CuBLCIa. [162 ]. 
Prepared by the action of boiling wcoholio EOH 
on the di-4|[Ion>-aDthraoene tetrachloride [206®] 
ob^ined fr^nitroso-anthrone and PC1| (Lieber* 
mann a. Lindermann, B. 13, 1589). Yellow 
needles, sol. hot acetic acid, si. solfaioohol. On 
oxidation with p;0, it gives crystalline diohlor- 
anthraquinone.* 

Tetra-cbloro-anthraceae Cj^HaCl*. [164®] 
(H.); [220®] (G. a. L.). Formed by the action 
of alcoholic KOH upon pure di-ohloro-anthra- 
cene tetra-chloride [187°J (Hammerschlag, B. 19, 
1108; Grwbe a. Liebermann, A. Suppl. 7,283). 
Golden yellow needles. SI. sol. nearly all sol¬ 
vents. By OrO, and acetic acid it is oxi^sed to 
di-ohloro-anthraquinone [205®]. 

Hexa-chloro-aathraoene G^H^Cl,. [320®-330®]. 
YellSw needles. Prepared by action of SbCl, 
on di-chloro-anthracene dichloride. Oxidation 
with E;CrjOr and H^SO, gives tetra-ohloro-an* 
thraquinone (Belas, C. N. 28,167; Diehl, B. IL 
176). 

Hepta-ehloro-aathraceae CuHjCl,. [above 
850®]. Prepared by the prolonged action of 
SbCl^ on di-chloro-anthracene-dichloride at 260®. 
Sublimes in yellow needles (Diehl, B, 11,176). 

Octo-ehloro-acthraoeae CuH^Gl,. [above 
850®]. Feathery crystals. Preparedly the pro- 
longed action of SbCl, at 280® on the lower chlo¬ 
rinated anthracenes (mehl, B. 11,177). Buoff 
(B. 9,1488) could only obtain hexa-ohloro-bena- 
ene. • » 

BI-CHLORO-ANTEBACENS TEIBA-BBO* 
MIDE C,^,Cl^r 4 , [166®] (S.); [178®](Hammer- 
•oblag, B. 19.1106). Obtained bv exposing di- 
chloro-anthracene [206®] to bromine-vapour for 
a considerable time (G. a.L.; Sohwarzer, B. 10, 
376). Satiny needles (froni benzene); si. sol. 
alcohol and ether; v. sol. Mnzene and CHGl,. 
At 18Q,®-190® it is converted into di-ohloro-bromo- 
anthracene [168®]. Boiling alcoholic EOH gives 
udi-chloro-di-bromo-anthftioene. 

|l U. l)-0HL0B0-AKTEBACEirS-(i. 2)-CABB. 
OXYLliACID 0„H,0,C1 m. 

[25n Obtained bj 

heating anthracene with •rbonj'l chloride under 
pressure ut 240°-S50°i or bp passing ohlorine 
(1 mol.) into a lolution of anthraesne-Mj^wt^ 
oiylio acid in CEOl,. Long yellow gweuing 
ne^es. Sublimes. BoL aloohol, ether, anS 
acetic acid; iL Ml. benzene, ohlorotorm, and 
xylene; t. si sol water and ligroin. Ite eolo. 

bS 
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OHLOR(VANTHRACENE-OARBO^rLIC AOID. 


tions hftTA ft blae flnoresoenoe. At its melting* 
point it eyolves GO,, leaving (A)>ohIoro-aQthra« 
cene. By OrO,, EMDO 4 , or oilute HNO, it is 
oxidised to anthraquinone. Alooholio KOH at 
160®-170® reduces it to anthraceno-(A)-carboxy. 
lie aoid. Chlorine converts it into di*(A)-chloro* 
anthracene. Salta.—KA': very slender yellow 
neec^tes.—AgA': minute yellow prisms?—BaA,: 
thic^ yeUowish glistening prisms (from ^ater) or 
needles (from alcohol). 

, Methyl ether MeA': [128®]; yellow needles 
or large six-sided tables; sol. alcohol, ether, Ac., 
with a blue fiuoreacence; insol. water (Behla, 
B. 20.701). c « 

])l*CHLOBO.AN?HBACEKE BI-CHIOBIDE 


[160°]. Formed by passing 

chlorine into anthracene dissolved in chloroform 
(Schwarzer, B. 10, 377). Prisms (from cbloro* 
form); si. sol. alcohol and ether, v. sol. benzene. 
At 170° it yields tri-ohloro-ant^Coeno [163°]. 
Boiling alooholio £OH convert^ it into an*hra* 
qainone. 

I>i-chlofo-anthracene-t6tra*chloride Ci^HaGI,. 
[187°] (H.l; [145°] (D.). Thjn white needles. 
Prepared oy passing chlorine for a long time 
through a benzene solution of anthracene or di- 


It X80° (Diehl, B. 11,180). Velloir needlM. 

Tetra-chloro^uithrft4iwoae 0 ,C 14 (C, 0 jC,H^ 
[191°]. Fromtetra-ohloro-o-benzoyhoensoio acic 
and HjSO^ at 100° (Kiroher, A. 238,*844 feB. 17; 
1167). Golden needles (fron!^benzeDe%Teohol): 
Oxidised by^ming HNO, at 140° giving tftra^ 
ohloroj)hthalio aoid. Beduqed by distillaiiot 
with zinc-tfusS to an6braocne. Yieldft,phtiiaUc 
acid onAusion with NaOH. 

Bi-sulphonic acid *Ci 4 H.Ol 40 ,(SO,fl), 
SaUs.-BftAr.-CaA" . » d * « ' » 

Tetra-obloro-anthraquinonft 0 , 4 H 4 Cl 40 , 
[320°-380"]. Prepared by lo^ heating of di^ 
chloro-anthraquinone with Opts, of 6bCI, at 200- 
(Diehl, B. 11,180). Yellow needles 

Feata-ohloro*anthraqaino|e ^ C, 4 H 3 Cl 50 , 
Prepared by heating di ohloro-anthraquinonc 
with 8 pts. SbCl, at 250° (D.). Sublimes with< 
'out melting. Insoluble in the ordinary solvents 
CHLOBO-ATBOPJO ACID C,H,C10,. [86°] 
From tropic acid and PCI,. Neeles (LadeU< 
burg, B. 12, 948). 

CHLORO-AZO-BENZENE o. Bbnzsiib*azO‘ 
c]iT.oHo-nENZENE, vol. i. p. 374. 

Di-chloro-azo>benzene v. CHXiOBO-BENzxN:^ 
AZO-CHLOno-BENZENR, VOl. i. p. 381. 

CHLORO-AZOPHENINE C,oHmC1N4. [280°] 


oblorauthraccne [209°]. By treatment with ! Formed by heating j>-chloro-jp*nitro 80 -di-phenyi- 

:* i-i„ - 1-1 -xi-_-. fttiiine with aniline and aniline hydrochloride al 

100". Very similar to azophenine, but more 
sol. benzene (O. Fisciier a^Hepp, B. 20, 2481). 

Tri • chloro ‘azopherAne CjoHjiCljN. 
[246°1 (Fischer a. Hepp, B. 21, 676). 

TRI-CHLOBO-AZO-PHENOt v. Oxx-benzene- 
Azo-FUENOL, vol. i. p. 388. 

D1.CHLOBO-BABBI1UBIC AOID 04H,G},N,0, 

ue, CC12<^q'^^]]>CO. Formed by oxidising 
di-chloro-oxy-methyl'Uracil with fuming HNO, 
(Behrend, A. 236, ^). Trimetrio crystals, 
a:b:c - *777:1: *893. V. e. aoL alcohol anS ether; 
sol. water. « • 

CHLOBO - B£NZAL])|:HYD£ o. Cheoro . 

BENZOIC ALMGRXDB. ■ 

CHLOBO-ISOBENZA^PHTHAIIttlDIHE t^. 

ChXOBO-OXT'PHBNTL-ISOQCXNOLINE. 

CHLOBO*££KZAlSID£ v. Amide of CaLOBO- 

BENZOIC ACI2>. 


alcoholic KOH it yields tetra-chloro-anthraccno 
[164°] (Hammerschlag, B. 19, 1107; c/. Diehl, 

B. 11.174). 

Di-ohloro*anthraeene*tetracbloride 

C, 4 H,Cl,.Cl 4 . [205°-207°]. White needles. Docs 
not fluoresce. Prepared by heating nitroso- 
anihrone with PCI, to 1^°. By boiling with 
alooholio KOH it gives tetra-chloro anthmcne 
[152°]. (Liebermann a. Lindermann, B. 13, 
1588). 

DI-CHLORO-ANTHBACENE DISDLPHONIC 
ACID C,4H4C1,(S0,H)^ From (1 pt.) <li-chloro- 
aptbraceno [209°] and (5 pts.) fuming H.SOf at 
l0o° (Perkin, 0. J. 24, 15). Orange needles; 
V. sol. water but ppd. by HGl or Dilute 

solutions of the aoid and its salts fluoresce blue. 
Onoxii^tion it gives anthraquinone disuipbonic 
acid.— aq.—BaA".—SrA". 

CHLOBOANTHBANHIC ACID v, Chlobo* 

AUIDO-BSNZOIO ACID. < 


^m-OHLOBO-^HTHBAdUINONB 0,4H,C10, 
i«.C.H,Cl<;^^>C.H,. [204°J. Formed by heat¬ 
ing ni-chloro-benzoyl-benzoio acid with eul- 
phnric acid at IBO^-ITS’. Yollowish-gAy 
needles; v. sol. hot el. sol. aoetio acid 

CS„ and hot alcohol. Sublimes without deoom- 
position (Oraibeigt. Bde, C. J, 49, S.9t). 

Dl-ohlero-anthracininono C,H,(C, 0 ,) 0 ,H 3 Clr 
(205°). Formed by oxidation ol tetm-ohl’oro- 
anthraoene [164°] ^ith CrO, and aoetio aoid 
(Hammereoblag, B. 19, 1109; cf. Oraebe ,t. 
Liebermann, Suppi. 7,290). Formed also ny 
heating anthracene with SbCl, at 1(0’ (Diehl, 
B, 11, 179). Glistening golden ne^es ({rom 
aoetio aoid). By NaOH insionit gires alizarin. 

Dl-ohloro-asUuftninoiia 0 , 01 ^ 3 ( 0203 ) 0 ,]%. 
[261°]. Formad by oxidising di-dhloro-anthra- 
oene [265°]. Needles (from cmoroform-alcohol). 
Gives alizarin when hised with potash (Kiroher, 
B. 17,1169). 

Xti-eUero-aiitlitafniam 0,,H,0],0, [2S4°- 
190°]. Got by heating anthrsgiuaoiiswiu BbOl, 


CHLOBO-BEHZraE 0,H,01. Mol. w. M2i. 
[-40°]. (182°). S.Cr 1-1066. /i* 1-6869. Boo 
60-67 (Briihl). HJ'.p.-ll,220. HJ.v.—12,380 
(Th.). S.H. (7°-64°) -326 (Sehifl, 6. 17, 486). 
Vapour-a-eaure, Bamsay a. Young (0. J. 47, 
654). aV. 114-3 (Sohiff, A. 220, 98); 114-6 
(Bmsay). 

Fomnalioi *,— 1. From, phenol and . POl, 
(Laurent a. Garifardt, A. 75, 79; Williamson a. 
fcrngham, 0. J. 7,*2,8; Biche, A. 121, 867).- 
2. By tha^aetian of biotins on henzece in pre¬ 
sence ofiodine or other eaiTieratfHago Mallet, 
a. /. 16,41; Fittig, A. 188,49)w-3. From benz¬ 
ene and B0|01, at 160° (Cumsii, Z, 1866,706). 
4. From SjCl,' and benzene at 260° (Schmidt, 
B. 11, 1178).—6. By heating benzene snipbo- 
chloride wit h Jtll, at 210° (Barbara a. E(£q14, 
B. 6,876).—6, A adintion of dimibbenzena ohlo- 
ride, prepared from 80 grma, ft aniline, and a 
large exeess of Hffl ii wowly ran into a peatly 
boiling solution of Oa,CL in HCl (150 gnns. of a 
10 p.o. solution of 00 , 01 ^. TM bromo-benzens 
ia distilled off with steam (Sandmeyer, B. 17 . 



OHLORO-BENZENE. 


7. BjliMtlng dlaEobfiDEenA-Iili a large 
exceu of strong HGl; tjie yield is 40 p.c. of the 
tbeoretioal (Qasiorovaki a. Wa^^, S. 18» 1986). 

S ^.-~Colonrlags liquid. When led 
red-hot tube it forms diphenyl, ohioro- 
fi• ohl^• diphenyl, and di-phenyl • 
benzene (Kramers, A. 189,185). l^t affected by 
boiling with diverted by^odifim into 

diphenj^v MnO, and g^e formic and 

p-«bloro-beDzoic acid (Catius, Z. [2] 4^505; 0. 
Miiller, Z. [218,137). Chloro-benzene passes oat 
of the system as ohlofo-phenyl-mtrcapturio acid 
0.,H.,OINSO.. « 

o-Di-ohlqro-be&seae C«H,C4[1:2]. Mol. w. 
147..a79» f. V.). S.0.2 1'828(B. a.K.h 1-326 


(P. a. 0.). 

Fcrmatum.--^. In small quantity, by chlori¬ 
nating benzene (Beilstein a. Kurbatoff, A. 176, 
42; 182,94; B. 7,1398,1769). Separated from : 
the greater part of the lolid j)-di-omoro*benzenl 
^ pressure; it is then'heated with fuming 
HjSO 4 at 210 ° for 2 days; this sulphonates only , 
o-di-ohloro-benzane. The resulting sulphonic 
acid is purified by crystallisation, and recon¬ 
verted into di-chlorobenzene by hydrolysis (Frie- 
del a. Crafts, A. Ch. [6] 10, 411).—2. Prom o- 
chloro-pbenol and PCI, (B. a. K.). 

Properfiw.—-Liquid. Gives a nitro- deriva¬ 
tive [48*^]. MeCl and AljCI, at 100^ give obiefly 
hexa-methyl-benzene and tri-chloro-mcsitylene 
(P. a. 0.). 

m-Dl-chloro-^niene C.HjCl, [1:8]. (168^ 
uncorr.) (8.); (172®) (K.). 8.0 «1-807. 

Poma^ton.—1. By running an aqueous solu¬ 
tion of NaNO^into a hot solution of tn-phenyllhe- 
diamine and Cn.^C4 in dilute HCI (Sandmeyer, 
B. 17, 2662).—2. From di-chloro-aniline by re¬ 
moving NH} by the diazo- reaction (Kdrner, O. 
4,341; B. a. K.).—3. From m-di-nitro-benzene 
tkd m-nitro-aniline, m-chloro-nitro-bcnzene, and 
m-ohk>ro-anilino (Oric^, P. T. 18C4 [.3] 706). 

Properties, —Liquid. HNO, (S.G. 1-4) gives a 
nitro-compound*[S2®j. • 

p-Oi-oblorp-bonzete [1:4]. [65®J. 

(173®). ^0. !?•* 1-458; S4 1-241 •(Jungfleisch, 
A, Oh. [4] 14,186). 8.V.S. 117-4 (Sehifl). 

Formation,—!. By running a solution of 
KaNO, into a hot solution of p-phonylene> 
diamine and Cu^CI, in dilute HCI (Sandmeyer, B. 
iff 2652).—2. Tiie chief ]|foduct of the action of 
chlorine (2 mols.) on benzene (1 mol.) in presence 
of iodine (Hugo Muller, C. J. 16,41; Z. 1864, 
401; Kdrner, Q. 4, 324) or in presence of MoCl, 
(Aronhelm, B. 8, 1400).—3. By tha action of 
PCI, on phenol p-sulphonio acid (Kekuld, ^ 6, 
944) or on jp-ohloro-phenol (Beilstein a. Kiffba- 
toff, A. 178, 82; 3. 7,1396, ^7W). • 

Monodinic lominss (from alco¬ 
hol). Subliiges at ordinary tomperatures. Fom- 
ing HnO, gives n nitro- derivaliTe 

tt-Tri -ofirorc-oenzine 0,H,04 h;8:4]. Mol 
1-46^^* <213® i. V.). S.G. (of liquid) U 

Poma/ioa.-—I,. By ohlorination of benzene 
in presence of iodine (dungfleisob,' A. Oh. [4] 16, 
264).-2. f^om di-chlorO-aniTme, CA(NHJ0L 
fl:8:4] or [l;2|l] displacidt; by 01 by means 
?. i)?® awction.-^8. From di-chloro-phenol 
E^2®] and PCI, ffieilsteiii a. Kurbatoff, A, 192, 
10, 270).—4. From (^)-banzen« h«a- 
•hlof^i andteohoUo KOH. 


Prop^rftes.—Gives on nitration a nitro- de¬ 
rivative [58®]. 

c-Tri-ohloro-benzene 0,H,C1, [1:2:3]. [64®]« 
(219”). By eliminating NH, from 0 ,H 2 {NH,)Cl, 
[1:2;3:4] by diazo- reaction (Beilstein a. Kurba¬ 
toff, A, 192.236). Also from (l,2,3)-di-chloro- 
aniline by displacing NH, by Cl V. sol. CS, 
and benzene, si sol ^oohol Gives a nitro- deri¬ 
vative [36®]. 

s-Tri-ehloro-benzene C,H,C1, [1:3:61 [ 6 ff^ 6 ®]. 
(208'6® i. V.). From ordinary tri-ohloro-aniline, 
by eliminating NH, by diazo- reaction (Kdrner). 
Also from obloro-benzene tetra-chloride, and aiod>- 
hollo KOH (Jungfleisch). V. sol ether, benzene, 


■ iiamirmiM 


dilute (50 p.c.) acetic acid. ^Gives on nitration a 
niteo- derivative [ 68 ®] (B. a. K.), or, when fuming 
HNO, is used, a di-nitro- derivative [180®] (Jack- 
son a. Wing, i4m,9, 348). 

c-Totra-chloro-benzone C,H 20 l 4 [l: 2 : 3 : 4 ]. Mol 
w. 216. [46®]. (254® i. V.). From tri-chloro- 
aniline C,I^,(NH,) [1:2:3:4] or [1:3:6:2] by the 
dia^- reactim (Beilstein a. Kurbatoff, A. 192, 
238). Long needles (from alcohol). SI sol 
alcohol, v. sol ether, light petrol 0 |m, CS,, and 
strong (90 per cqpt.) acetic acid. Gives a nitro- 
derivative [65®]. 

i-Tctra-chloro-benzene OaHjCI, [1:9:4:6] [61®] 
(B. a. K.); [35®] (I.h (246® i.V.). From ordinary 
tri-chloro-anilino aisplacing NH, by d by the 
diazo- reaction (Beilstein a. Knrbatoff, A. 192, 
238). Obtained also by chlorinating benzene in 
sunlight (Istrati, A. CL [ 6 ] 6 , 383). Colourless 
needles (from alcohol). SI sol co^ alcohol, sol 
benzene, v. sol. CS, or light petroleum. HNO, 
(S.G. 1-54) gives a nitro- derivative [3Q®] (Jung- 
llcislh, A. Ch, [4] 15, 204), or [22®] (B. a. K.). 

5 -Tetra • chloro - benzene oJhXI [1:2:4:5]. 
[138®] (215® i. V.) (B.). 8 .G. 1-734; 4i2 1 - 399 . 

Formation.—1. By chlorination of benzene 
(Jungfleisch).—2. From 0,H,CI(N0,) [1:2:3:4] 
by reduction followed by tho diazo- reaction 
(Beilstein a. Kurbatoff,if. 192,230).—8. In small 
quantity by the action of chlorine on boiling 
tri-cbloro-toluene (Beilstein a. Kuhlberg, A. 152, 
247).—4. By the action of Fe,Cl, upon (2,4, 6 ,1)- 
tri-chloro-phenol (Daccomo, P. 18,1113). 

Crystallises best from benzene. 
SI sol alcohol or ligjit petroleum. Fuming 
HNO, forms, besides the nitro- compound [98®j, 
totra-chioro-quinone. This fb the only Ibtra- 
chloro-benzene which gives chloranil under these 
ciroumstanoes. 

• Penta-chloro-beazene C,HC1,. [ 86 ®]. (276®) 
(Ladenburg, if. 172,344). S.G. ^1842. Formed 
by chlorinating benzene (J.), di-phenyl snlphone 
(Otto a. Ostrop, A, 141, 93; J54, 182) or tetra- 
chloro-benzyl chloride (BeilsFein a. Kuhlberg, A. 
152, 247). Slender neeales (from alcohol); v. si 
sol cold alcohol, v. soL ether and 08^ After 
^eating for a long time with cono. or fuming 
*H,SOo on pouring the liquid into water a chest- 
nut-brofn pp. containing no sulphur and 86-8 
p.c. chlorine is formed; it is called' fraho^e * 
by Istrati (PfF[2] 48,35); it is a red dye, and 
forms a red solution in a^hol 

Heza-flfcloro-beniene 0,01,. Mol w. 285. 
[226®]. (826®).. 8,0.1-669. 

FormaHon*~^l, From methylene ehloride and 
ICl or ICl, (^land, A. 240.234).-2. By passing 
chloroform, OCl 4 »^or CjOi, thiougb a zed hot 
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tube (Juliu; Begnanlt, A. 30, 350; Basset, C./. 
20,448; Bertbelot a. Jungfietsob, Z. [2] 4,565).— 
8 . By obtorinating benzene in presence of SbCl^ 
(En^ HfUlert iT. 1864, 40).—4. From tetra> 
obloro>quinone (ohioranil) and PCl( (Grsbe, A» 
146,1).—6. lathe altimateproduct of the action 
of SbOl, with chlorine on all cbloro-toluenes 
and ohloio-xylenes (Beilatein a. Eublberg, Z. [2] 
5,18814..^. 150,309).—6. Bj the action of onlorine 
in preaencck of ICl upon all aromatic hydrocar* 
bona, as well as upon aniline, phenol, thymol, 
e^phor (BuofT, S. 9, 1483; 10, 1234); sec^ 
hexyl Iodide (Krafft, B. 9, 1085); and heza* 
ehloro-ocetono (Cloez. A. Oh. [6] 9,145). 

— Thiir prisms (from alcohol* 
benzene), y. si. sol. bdlling alcohol, si. sol. ether, 
m. sol. benzene. When heated with glycefin 
and NaOH it gives penta*chIoro-phenol. 

CRIi0E0*B£lTZ£N E*AZO- v.*A zo- compounds. 
0ELOB0-B£NZEN£ H£XA4;HI0RI1)£ 

[267®j. From di*phenyl si^hone and- 
chlorine in sunlight (Otto, A. Small 

dimetrio prisms (from alcohol); v. sol. etlftr, 
si. sol. hot alcohol. 

2)i>cbioro^enzene hezs*ehloride CyH^Cl.. 
[above 260®]. From chloro-benzene and chlorine 
in stmlighi (Jungfleisch, [2] 4, 486). Prisms 
(from chloroform); converted intopenta chloro* 
benzene by boiling alcoholic KOH. 

Tri'ChlorO'bensene hdza>ehIoride ClgCgHyCl, 
[1:2;4]. [96®]. Formed by chlorination of benz¬ 
ene (Willger<^t, J. J7P. [2] 35, 415). Smells of 
rotten straw. Y. e. sol. ether, v. sol. alcohol. 
Alcoholic KOH converts it into CgCl^ [220®]. 

CELOBO-BEKZEKE 8UIPHIN1C ACID 
C,H4CLSi|H [90®]. From chloro bem^ene 
(p ?)-Bulpho-ohloride and sodium-amalgam (Otto 
a. Brummer, A. 143, 113; 145, 323; 146, 243). 
Small needles or long thin coUiinns; si. sol. cold 
water. Beduoed by Zn and H^SO^ to cMoro- 
phenyl mercaptan, and by sodium-amalgam to 
benzene solphinio acid. Oxidation gives chloro¬ 
benzene eulphonic acid. 

Salts.—NaA j 2aq.—Ca AV—Ba AV—PbA',. 
Ethyl 6ih€r EtV. [123®]. Needles. * 
OHIOBO-BEHZEHE o-SULPHONlC ACID 
O^HjClSOit*.®. C.H4CI(SO,H)[l:p]. Fromamido- 
^nzene o^sulphonio acid by displacement of 
NH, by Cl by means of tlie diazo- reaction (Babl- 
roanm A» 186, 825^ 

Chlhfidt CACl.SO,Cl [29®]. 

Amidt CACI.S0^4 [188®]. 
CbIoro*be&iene tTi-inlphoiiio acid 
CaH.Cl(SOtH) [1:8]. Prepared similarly fronf 
amiao-benzene m'Salpbdbio acid (Bjeselinsky, 
A. 180, 108). Deliquescent plates.-—AgA'.— 
KA'.—CaAV—Bailt 2aq.—CuA', 5aq. 

OAfortde C;^l(SO,01). Oil 
^mWeC,H4a(SO^H,): [148®]; plates. 
Chloro-beazesep-iatobonic acidCfH^ClSOtH 
[1:4]. Formed by snlpnonating chIoro-beQzene|| 
(Otto a. Brummer, A. 148,102; Lindow a. Otto,' 
Z. [2] 4,39; Gluts, A. 148, 184). Ah# by the 
same method as the two preceding acids (Goslicb, 
A. 180,1(16). Deliq^oent ne^es or prisms. 
Potash-fusion gives relbroin (Oppenhdm & Vogt, 
A. Sufpl. 6, 376). The Na salt fused witn KCN 
gives terephtbalonitrile G«H4(CN)9* 

Salts.-NeA'aq.-KA'.-AgA'.*-CaAyiaq. 
- Ba A', 2aq.-PbA'* 2aq.-CnA' 5iq. 

Chloridi C^H^Cl.80^.153®]# 


Browidtf C.H.Cl.S03r. [63^. 

Amide O.H,Cl.SO,NH,. [144°]. 

0,H*C1.S0,NP1& [104°]. KmOIm 
(W allsch a. Hath, B. 9,426). . 

Di*ebloro*bessen6 sulpbonie acid q * 
C 4 H,Cl,(SO,H) [l:2;a;]. Fromo*m-cblom-benzme 
and fummg E^^O^ at 210® (Beilstein a. Kurbatra, 
A. 176, 41; ?8^94).-CaA',2aq.—BaA',2aq.- 

Oo/i 


PbA'^ 2 aq. 

Di-chloro*be&zene Ailphonio acid 
C,H,Cl,(SO,H) [l: 8 :x]. Fromnt-di-chkro-benzene 
and fuming H 3 ! 904 at 235 ® (fi. a. K.).—CaA',2aq. 

—BaA'j aq.—PbA', 8 aq. c 

Di'Ohloro-benzene sulphozdo acid 
CeH,Cl 3 (SO,H) [l:4;«j. Fromp-di-chloro-benzene 
and vapours of SO, (Lesimple, Z. [2] 4, 220). 
Cone. H 3 SO 4 has no action even at 210® (B. a. K.). 
Trimetrio prisms (from water).—NH 4 A'aq: 
needles^ m. sol. water.—KA'aq.—AgA'.—NaA'aq: 
sfz-sided tablets.—HgAjCaq.—^BaA',: lamioe. 

—PbA', 3aq. • 

Tri-chloro-benzeae snlphonio acid 
C,H,Cl,(SO,H) [1;8:4:6?]. Prru w-tri-ohloro* 
benzene and fuming H ,604 (Beilstein a. Kurba- 
toff, A. 192, 231).—CaA', 2aq.—BoA', 2aq.— 
PbA', 2aq. 

CHLOBO-BENZSKE TKIO-SITIFHONIC 
ACID. Chloro-phenyl Acr C„H,C1.,S 0, 
t. 8 . C^H^CLSOj.S.C.H^Cl. [138®]. From chloro- 
benzene sulphinic acid and water at 130® (Otto, 

A. 145, 823). Small, four-sided, trimetrie 
columns (from aTcohol). Kddioed by zinc and 
ESO, to chloro-phenyl mercaptan. 

{tl-CHIOBO-BEKZIDIKE v.. Di-obloro-di- 
AMinO-Dll'HRNYL. 

CHIOBO-BENZIL or Benzil chloride v. Brh* 
ziue ACU), Reaction 5. 

catOEO-BEHZO-TBlCHlORlDE v. Tetra- 

CHLOBO-TOLtfRNB. 

o-CHL0B0-BENZ0IC« ACID C,H,C10, i.e. 
C,H 4 C 1 (C 0 ,H) [1:2]. Mol. w. 156^. [1.37®]. S. -114 
at 0®. Electrical conductivity f Ostwald {J.pr» 

[2] 82,349). . , • 

Formatidk —1. From salicylic acj4 (1 niol.) 
and PCI (2 mols.); the mixture is distilled and 
the portion (above 2.58®) containing C,H 4 C 1 .C 0 CI 
is decomposed by water (Cbiozza, A. Oh. [3] 36, 
102; Kolbeo-liaut^mann, A. 115,184; Beilstein 
a. Beichenbach, A. 132, 811; Hubner, Z. ISfO, 
293; A. 147,268; Wilkins a. Rack, A. 222,192). 

2. By boiling o*chlcro-toluone with dilute 
KMn 04 (Emmorling, D. 8 , 880).—8. Ey heating 
m-ohloro-nkro-benzene with alcoholic KCy at f 
26(P (Bioliter, B. 4, 468). 

Yrdpertiss.-^^haTge needles. Melts under 
water. V. sol.'hqt water, alcohol, and ethw. 
Gives a yellow pp. in neutral solutions with 

.. K « . 

Reaettmts.—m Soaa-/usu>n givMaboiftequal 
quantities of o* and m-oxy-benzoi* acids (Ost, 
}.pr. [2] 11, 385).—2. In hot^tqaeous solution 
it is reduced b^benzoioaeid 1 ^ sodHtm-amalgam. 
Benzoic acid so prepared was called * salylic * 

. acid until Beilstgln a. Schlun (wl. 138, 289) 
ashowed it to be ordinary benzoic am oontami* 

' nated with a non-volatile substangeVbioh inter* 
fered with its crystallisation.—^ Fusion with 
sodium formate mves benzoic acid (Y. Meyer, 
5.8.863 ; 4,259). 

Sslti.-BaA', Siq.-Biul'r S.^ ^ 
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OtA'iSwi: »• •ol- w»tef! >1. tol, alcohol— tillingm-sulpho-hcnzamiac with PCI, (Limpricht 
\ scales (from boiluig watert. a. XJsIar, A. 106, 66). Also from the nitrile of 

EiUyl ether EtA. (o. 240^) (EekuU, Rip. m«amido>benzoio acid bj displacement of KH, 
chtm. pttr\ 1861, 308). by Cl (Gricss, B. 2,370). Keedles; insol. water. 

CAi^rWe C„H«C1.C0G1. (o. 2375‘ Volatile with steam. 

C,HJCl.CONH,: [139®]; needles; p-Chloro-benzoic acid CeH^Cl.COfH [1:4]. 
v.'2.8o1. cold water; v. sol. alcohol and other. CMoro-dracylic acid. [236®]. S.*019. ^IcctncaZ 
Anilide C,l^Cl.CONPhH: rn4®};tieedles. conductivity i Ostwald,/.pr. [2] 32, 340. 
p-Nitro-anilide C^4Cl.Cd.ffH.C,H,NO,: Formation.-^!. From ji-amido-benzoic acid 

[180®]; from the anilide and HKO| (Vj^ilkins a. bydiaze* reaction (Wilbrand a. Beilstein, ^128, 
Reck, A. 222.192). 257; Beilstein a. Schlun, A. 133, 24f).-2. By 

p-Toli*tae C,H461.C0.NHC,IJ4(CH,): [131®]; oxidation of ^j-chloro-toluone with CrO, (Beil, 
oolourless oryst^s; sol. alcohol, nearly insol. stein a. Oeitner, 139,336} or dilute KMnG4 
water (Schreib, B. 13,466). (Emmerling, B. 8,880).—3. Fromchloro.heDzeno, 

m-NitPo^p-loluide diluteH^SO^,andMnO«(CarlMiilJer,*^.[2] 6,137). 

0,H4C1 .CO.NHO,H,(CHs)(NOJ: [189®]; yellowish Properties.-Reedies sublimation); v. al 
crystds; soh aqptio acid, si. sol. alcohol, insol. soln water, t. sol. alcohol and ether. Sodium 
water. Prepared by nitration of thep*toluide. atmrfyam reduces it to benzoic acid (Hartmann, 
J)i^nitro^p^toUlide J.pr. [2] 12, 204). 

C4H4Cl.C0.NHC4H,(CIfJ(N0,)»(?): [228®]; oc*- Salt8.-BaA^4aq.~CaA',8aq.-AgA'. 
ourless crystals. SI. soLtalconoI, ▼.sol. acetic Methyl ether HLek'i [42®]; needles. 

Mid and chloroform. Prepared by further ni* Chfor^e CjH^ClCOCl. [222®]. 
tration of the n^no-nitro. compound. ^midewid^ClCON^: [170®]; needles. 

Tri-nitro-p-toluide 0„H,N40,C1:[239®]; Anilide C.H^CLCONPhH: [194®]; needles, 
colourless crystals. Prepared by still further Bi.chlorO'benzoio acid OaH,Cl2(fiO^) [6:2:1], 
nitration of the above. Mol. w. 191. [126‘6®]. Formed, Together with 

m^Amido-p-toluide the two isomerifles [166®] and [201'], by the ac* 

C*H4C1.CO.NHC4 Hj(OH,)(NHj) : [163®]; colour- tion of water on crude penta-cbloro-toluene 
less crystals; sol. alcohol. Prepared by rcduc- ChHjCIj.CCI, at 200® (Schultz, A. 187, 269). 
tion of them-nitro-p-toluide.—B'HCI.—B'HNO,. Slender needles; volatile with steam. 

BensoylamidO’p-toluide Salts. ~KA'6aq.—NH4A'aq. — BaAj 8iaq. 

C,H4Cl.CO.NHqJliCH,)(NH:&): [173®J;colour- S. (of BaA', in alcohol) 3-8 at 4®.-2nA'3 liag. 
less needles, si. sol.alcohol. Chloride CgUfil^COCl: (244®); liquid. 

Nitrile CuH4Cl.CN. o-Chloro-cyano-bem- Awide CuHjCL.CONH.^: [166®]; needles. 
ene. [43®]. (232®). From the amide and <^014 Di*chloro-beazolo acid CuHjClaC0.2H [2:6:1]. 
or P.Sj. Also from the amide or nitrile of sali- [16G®]. (301®). S. *0860 at 14®. ^ 

cylic acid by the action of PCI, (Henry, B. 2, Fomuiiion.—l. From ohloro-niffb-benzoic 
492). Long needles: al. sol. boiling water: m. acid [164®] by reduction add displacement of 
sol. alcohol and ether. NHj by Cl by means of the diazo- reaction 

m-Cbloro>bcpzoio acid CUH4CI.CO0H [1:3]. (WiUcens a. Back, A. 222, 201).—2. From crude 
[1632]. 8. *035 at 0®.^ Electrical conductivity i penta-chloro-tolucne CuH,CI,.CCls. together with 
Ostwald, J. pr. [2] 32, 349. ‘ the acids [126*6®] and [201®] fSohultz, A. 187, 

Formofi(wi.»-1. By^hlorinating benzoic acid 268).—3. By chlorinating o-chloro-benzoic acid 
if tmatment with# chlorine, with HCl and in presence of SbCl^ (Beilstein, A. 179, 286). 
KC10„ or with a boiling solufioa of bleaching Oocurs also among products of chlorination of 
powder ^erzog, N^Br. Arch. 23, 15; Schar- benzoic acid.—4. ByoxidisingjG.S, l)-di-chloro- 
ling, A. 41, 49; 42, 268; Stenhouse, A. 66, 1; cthyl-benzeno with chromic mixture^Istrati, A. 
Field, 65,65; Otto, A.. 122,167; Hdbner a. CA. [6] 6,479).^6. From C4H,MeClJl:2:6] and 
Weiss, B. 6, 176).—2. From tn-amido-benzoio dilute HNO, (Lellniann a. Klotz, A. 231,319). 
atid by the diazo- reaction.—3. By distilling m- Keedles (from watel*); slightly volatile with 
■ulpho-benzoic acid (1 mol.) with PCI, (2 mols.) steam. Heated with dilute H|^04 at 220® Ogives 
and treating the resulting m-chloro-bcnzoyl CO, and p-dichloro-benzene.—BaA'jSaq. S. (of 
chloride with water (Limprioht a. Uslar, A. 102, BaA',) 2*6 at 14*4®.—CaA'j2aq.—PbA'jaq.— 
259).—4. By oxidation of w-ohloro-ioluene with' > CuA'5j2aq (B.).—CuA'^ aq (I.).—FeAV—2aq. 
chromic acid mixture (Wroblewsiy, A. 168, NH4A^ slender nee^es.—AgA'. 

200).—6. From p-cbloro-nitro-benzene an^KCy Ethyl ether EtA'. (271® i. V.). S.G. ® 1*328. 
St 200® (Bichter,,B. 4, 4C3).-6. From s-chloro. i4m*(ffiC,H,Ch.CONH,: [165®]; needles(B.), 

amido-benzoic acid by reliving NHj 1^7 Anilide: [240'’]; prislis (from benzene), 

diazo- reaaion (Hubnv.Vt. 222,91). IU>ohloro-beszoio acid CuH^CUCOgH) [3:2:1]. 

itoper^,—Long needle^r joall prisms. [166®] (C.); [166®] (S.). Formed, together with 
Does not melt ulidcr water. I tiie isomeride [201®], ^ chlorination of benzoic 

Reac^cns.-^l: Sodium amalgam reduces iv acid (Glaus, B. 5, 668 ; 6, 721; 8, 948; 20, 
to benzoic Aid (Bnilstein a.Bcidsenbach.gf. 132, 1621).^ Formed also by oxidising c-di-chloro- 
815).—2. Fot<Mj!i-/us^give&m-oxy-benzoic acid toluenawith KMn04 (Seelig, A. 237,162). Not 
(Lembey. .4. 148,222). « a&ected by dilute H,S04 at 220®. Distillation 

Saltt.—CaA'. 8aq: sm^l needles. 8.1*21 over lime giveso-di-ohloip-benzeDe. Kotdecom- 
at 12®.—Ba4'i 4eq: smtfU needles.—AgA'. pos^ byajono. HjSO* at oOO®.—BaA', 8aq. 8.8 

i?ffcplV;ierOACl.COsEt: (246®); liquid, at 28®. 

Chloride CJS4CI.COCI: (226®); liquid. Di-ohioro-benioie acid 0,H,01,(003H) [4:2:1]. 

dmidsC-HACONH,: [183®]; needles. . [168®]. Prbm 0,HtMeCI, [1:2:4] and dilute 

i7<fr<l/0,H4Cl.CN [39®]. Fbrmed by dis- HNO, (Lelhaanwa. Klotz, A. 231, 816). 
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CHLORO-BENZOIO ACrO. 


8«1<. —B&A', 3Jaq. 

0AC1,(C0.H) [3:5:1]. 
irn^]. From C.H.MeCl, and dilute HNO. 
jIfUmam a. Klotz, A. 231, 824). Needles (from 
dilute aleohol). Majr be sublimed. 

C.H,(CO^Cl, [4:3:1]. 

Formafton.—1, A product of the chlorination 
of tanzoic acid (Beilstein a. KuhlberA A. 152, 
^ chloro-sulphoibenzoio 

amd and PCi, (Otto, A. 123, 226).-S. By oxida- 
tion of C H,C4CH, or C.H,CUCH,C1: or by 
Boating C,H,01j.CCl, with water at 200' (B. a. K.). 
4. Fromp-cHoro-benzoioacid and SbCl, at 200“ 
chloc’uated p-oxy-bonzoic acid 
n H ^33).-6. From 

* [1*3:4] by mlute HNOj (Lellmacfii a. 
Klotz, A. 231, 813). 

Prqpertiea. — Yerj slender needles (from 
water); volatile with steam. 

S^alts.—CaA'.i3sq.—BaA'., 4aq. S. 1*1 at 18“. 
Ethyl ether EtA': (2C3“);.lb/nd. 
Chloride C.H,Cl,.COCl: (2#); liqui* 
;^»ie C.H.Cl,.CONH,; [133“]; needles. 

^3‘d C,tt,Cl.(CO.H) 
[6:3:2:!]. [c. 80“]. From the corresponding 
aldehyde and KMnO, (SocUg, A. 237. 150). 
Needles, v. sol. water. 

r, C,H,Cl.(CO,H) 

[4:S:2:1]. Mol. w. 220J. [129“]. From the 

aoiresponding (4, 3,2, l)-tri.oliloro-benzoio alde¬ 
hyde by KMnO, (SeoUg, A. 237, 160). Needles; 
m. 80 l. water. 

C.H,01,(00^11) 

[ 0 . 4 . 2 .I]. [163]. From s-tri-chloro-toluene by 
oxitotioB with chromic acid mixture (Jannasch, 
also by boiling b^zoio 
Mid with water and bleaching-powder for a Ion" 
C.H,C1,.CCI, with water 
at 260“ (Beilstem a. Kulilberg, A. 152, 234). 
Blonder needles (from water or by sublimation) * 

V. si. sol. cold water. ' 

Salts.~NH,A'.—CaA'j2aq.--BaA'7aq.— 

SrA2 4aq. 

Ethyl ether EtA': (05“]; needles. 
Chloride C.H,C1,.C0C1. [41“]. (272“) 
£miSe O.H.,C1..0ONH,: (168“); needles. 

[6:4“li 

. S<trn^ion. —From di-nitro-p-amido-ben- 
210^ (Salkowski, 
n hexa-chloro-toluono 

NaOH (Claus a. BOcher, D. 20. 
lo«6). V 

FVqpcrltes.—Slender lieedlcs (from dilute al- 
fiohol or by snblimation). 

Salts.—AgA’a»-BaA', 4aq.- CaA','baq. 

Ethyl ether EtA': [OO^]; slender needles 
( 8 .). . 
Chloride C,H,ClJCOCl. [S6“] (S.). 

Amide C,H,Cl..CaNH,. [170“] (3.). f 
c-Tetra.ehIore-benzoic acid C,HC1,(C0J1). 
[165“]. Formed by chlorination of the K-ohloro- 
Iwnzoio acids molting at [201“] and [150“] 
(Clans) by heating with MnO. ai!d fuming fICl I 
at 190“ (Claus a. Bifther, B. 20, 1626). Also J 
from di-chloro-benzoio acid [156“] and SbCl at' 
230“ (Beilstein, A. 179. 286).-BaA', 4sq (B.).— 
BaA'.OJaq (0.). x -n i / 

re sold C,HC1,(C0.H) 

[5:4:8:3:1]. [186“]. Prepa^ by heating tetra- 


ohloro-phtl&lio acid with acetic doid (2 or 8 irt*.' 
at 300“ lor 8 or 4 hoars (last, B. 20, 2439; 
21, imi.) Long colourless needles. V. soL 
alcohol and ether, v. si. sol. water. . 

Salts. A'jCa 4aq: long opiourlessmdbdles; 
m. sol. hot water.-A'OuSJaqT-BaA'.Siaq, 
Eayl edher A'Et: [35“]; long ooloariess 

nG6dl68< I ^ • 

Tetra>ohloro>benzofo acid C HOI fCO in 

CHCl^.CCl, and water at 230® (Beiktein a. Kulil¬ 
berg, A. 152, S?45). 

Penta-chloro-beazolc acid C^lj(CO^). [200®]. 
Formed by chlorination of the di-ohloro-benzoio 

“.".“I M"07nnd HOlAq 

at 190 (0. a. B.).—BaA, 4aq: stellate groups of 
needles. • o 

AfifriU O.Cl.(CN). [210“]. Formed by ex- 
haustive chlonnation of benzonitrile with SbCl. 
plcrz a. Weith, B. 10.2§85). Colourless needles. 
Sublimable. V. soh hot alcohol, chloroform, 
and CS.„ si. sol. cold alcohol and ether. It is 
very stable t^rds HCl at high temperatures. 
Alcoholic NaOH removes all its chlorine at 200® 
o-CHLOBO-BENZOIC AIDEKTBE 1211 
C.H,CI.CHO. (c.216“). S.O. 4 1*29. Formed 
by heating tri-chloro-toluene C.H.Cl.CHCl,, (from 
salioylio aldehyde and PCI,) with water at 170“ 
n > at 130“ (Henry, 

B. 2, 135; Anschutz, A. 226,19). Oil, smelling 
of almonds; volatile with steam. Forme a 
crystalline compound withdi^SO,. 

p Chloro-benzoic aldehyde ^ 1 ] C.H.C1.CHO 
912“). Obtained by boiling 

C. H.Cl.CHBr, [48“] (10 pts.) with lead nitrate 
(4 pts.) and water (100 pts) lor three days, ia 
presence of CO, (Jaokson a. White, Am. 3, 31* 

1*32). Formed by 
boilmg C^H.Cl.CHjCl with aqueous lead nitrate. 
Formed also by passing chlorine into bcnzoio 
aldehyde containing iodine (Beilstein o.*Kulil. 
berg, A. 147, 339). Long needles; may be sub¬ 
limed. Sol. alcohol, ether, CS[, and HOAq. si. 
sol. water. Absorbs oxygen from the air. Forms 
a cryataHinohionipoand with NaHSO, 

Di-ohloro-bonzoic alSehyde CAOL.CHO 
[6:2:1]. [58“J. (230“-23:)“). PrepSation not 
given. White crystals. On oxidation it gives 
di-ohloro-bsnzoio acid [152“] (Gnehm, B.IT, 
762).^ e * 

Oi-oUoro-bcnzolo aldehyde 0,H,C1,.OHO 
[8:2:11. [68“]. Formed by liesting 

0,^01,.CHOI, with water at-200“ beilstein * 

, Kublberg, «1, 152,224). Slender needles ; vola¬ 
tile with steam; si. sol. hot water. Attacks the 
eyes. Combmea with NaHSO,. Oxidises to 
di-chloro^benzoic §cid [128®]t 
(Bl-Bi-obloro-Benzoie aldehyde 
C,H,Cl,.CHO [4:2:1]. [f 1 “]. (o. 233“). Formed 
by the ac^ /-l^no. H,80, m 0,fcOI,fcHCl,. 
pe aldehyde is separated by m&ns of the 
double compand with sodiums bfeulphite fSee. 
hg, A. 237, lOT). White netdies Srom aloonol). 

Oxidation with permanganate yields (j8)-diohloro. 

acid [15$®]. When heated.with Ao,0 
** forme (^)-di“dhloro-cinn8mio acid 

[JJd j. e 

Tri-ehloro.hsnzolo aldehyde •CJH.,Cl..CIIfl 
’’y hosting C,H,dl,.OHCL 
(281“) with water at 250’ (B. a. K.7^1ig B^ 

18, 420; A. 287, 148). Y«j riSixTedlef; 



laaol. boiling wntor, y. lol. aloohol; Volatile with 
•taani. Cono. ^80, and KNO, form tri^jhloro- 
nitro-bonzoioaoia[222'’j and an aldehyde fl24“l 
Tri-ohl^-benjolo aldehyde O.H,OL.CflO 
ff;2;2tlh f0O®h From penta-ehloro-toloene 
[8^] (Seelig). Qives on oxidation 
tri-chloro-benxoie acid [129“]. , 

CHIOEO-BENZONITBILE e. Nrn&ut oi 

CnMBO'BXKZOlO ACID, “ * 

. CHbOEO-BENZOPHEHOSE 0„g,Clf 0 C H 
Phenyl chlorf-phenyl ketone. [76“]. (above 800“)! 
rom ohloro-benzenb, benzoic »cid, and P.O 
Kollarits a. Mjrz, B. 6, S47). Hat needles' 
(from ether-aloohol); v. sol. ether, si. sol. cold 
alcoJiol ana Jigroln. 

CHl0RO.o<B£NZ0YL-BEirZ0IC ACID 
C, ,^C10, {.as C.H,.CO.C^,CI(OOJH) [2;4or5:l]. 
Chloro>beiuophenon$ carboxylic acid, fI71®3 
From ohloro-phthalio anhydride [97“]. benzene 
and A1,C1, (Graibe a. E#e, 0. J. 49, S31; A.23i, 
^39). Minute monoolinioi prisms i v. sol. ether 
and alcohol, si. sol. CS„ v. si. sol. light petro¬ 
leum. Oono.H,ap,coavertsitintoohloro-anthrs- 
qumone [204*]. 

Di-chlorO“ 0 -bcnzoyl-beawic acid 
C H,.COAH.,Cl,.CO,H. [169“]. From («).di. 
ebloro-phthalic anhydride [150“], benzene, and 
AijCl, (Le Royer, A. 238,856), Needles (from 
dilute alcohol). ^ 

Tetra-chloro-o-beiwoyl-benaoic aeid 
C,.H.C1,0, «. O.H..CO.a,Cl,.CO,H. [ 200 “]. 
From tetra chlom-phthalie anhydride, benzene, 
and A ,C1, (Kiraher. A. 238,838). White needles: 
si. sol. cold benzene, v. e. sol. aloohol. insol 
water. Cannot bo distilled or sublimed. • 
^“^'/naicngives benzoic acid. 

2. H.,SO, and PCl^ give tetra-ebloro-anthra- 
gmnone.-8. HI gives tetra-ohloro-benzyl-ben- 
zoic acid. 

Salta.—NaA'4sq. S. 1-7 at 20“.-KA' IJau. 

—CuA , 2aq.—CuA'jCuP. 

Et,heis: EtA' [90“].—MeA' [92“]. 

Chloride [188“]. Needles. 
THLOEO-BENZOYI. CHIOEPE ». Chloride 
of Cnnonmaaiizoio acid. • 

CHLOEO-DIBENl^ V. CHMao-Di-pnENVi.. 

XTHANZ. 

p-CHLOBO-BENZEL ACETATE C.HX10. 
0«H,oi.CHyOAo. (240“). From 
alcohol 

(lieilstem a. Euhiberg, A. 147, 844) 

*“*“*• O.HioirCH,OAc. 

(B a k prepared from OACl,.OH,C! 

r ®®i,^®0'S®iZTl.-ACETOdlOETIC ETHEE 
OH..OO.CH(OHCIPh).COJIl(?) 
lai J. Formed, togetherwith ^ isomeride [72“] 

Iv OH. no nnimir okiVn u. i._ t 


UMUlBO-BENZn OTAWTDE. 


41 

ilih (v.sujm) byhMting 

TOth dlcohoho ammonia at 180“ (B. a 
Needles; v. si. sol. water. * 

Tri-ohloro-benzyl aloohol 0,H,C1,.CH0H 
From tn-chloro-benzyl chloride OACLckci 
and alcoholic KOAo at 160“ Crystalline (Beil- 
stem a. Euhiberg, A. 162,241). ' 

TetrS-ohloro-benzyl alcohol 0,HCI..CH.OH 
From C^HCl,.CH,OI, alcohol, and KOAo atlibo“ ■ 
crystallised from water (B. a. K.). * ' 

»onio /DP.CIj.ckoi, alcohol, and KOAb 
at200“ (B.a.K.). Whitcneedlos (from bonzoue- 
“ boiling alcohol. 

p-CHBOEO-BENZTIAMINE C,H,C1N i.e. 
[4:h] C,H 4 CI.CH 3 NH 2 . p-Chloro-benzyl chloride 
(1 vol.) heated with alcoholic ammonia 12 vols) 

atl00®forms(0,a,Ci.C^)NH,,[aH.Cl.CE,)oNH 

and (0 ACiAh,);n. Their hy^cilloridesnmy 
M separa^ by crystallisation fi-om alcohol 
(Berlm, 187 ; Jackson a. Field, Am. 2 

n.Ml^ r/yv « .. 


M t iBomenae 72“ 

possibly OH..Op.001(OH,Ph)!£o.Et. by mixing 

Jatml ‘‘^"by* »nd 

BaturaUng ^h HOI (». vobi. i. oai , 

C ALC0HSrc,H,CIO {.«. 

n‘hi ° (®- “• ^•) i ni°] (i. a. P.). 

p-ohloro-bofeyl acetate («. 

(Beilstein a. 

1 ran f’k*’ i Neutof, Z. [2] 8,467). 

b®Bing p-ohloro-benzyl ^chloride 
»“<''V»ok»on».'Field. Anl 
Um. “• “)• (by ™l>ibn«. 

•udis’es^^’il’ S.* Obromio mixture 

“oises It to p-ohloro-benzoic add [288“]. 


»14,6G). Coloarless oil; sol ether. 
Salts.—"BUCl: [241“]; narrow plates, sol. 

^H^PtCl.: y41ow needles. 
[230“1; decomposed by melting.— 
•B jHjCOj: [116’]; plates (from water) or noodles 
(from alcohol). 

Bi-p-chloro-di-bensyl-amine 
(CgH.CbOHjljNH. [29“]. From chloro-benzyl 
bromide and alcoholic NH, (Jackson a. Field 
Am. 2. 90; B. 11, 904). White blades; insol! 
water, sol. aloohol, ether, benzene, and CS 
Salt8.--B'HC1: [288“]; plates, sol. water 
and alcohol, msol. other.-B'jHjPtCL; yellow 
sedes, si. sol. boiling water, insol. alcohol.- 

B HBt: [280“-290°],meltingwithdecomposition. 

Beales, si. sol. water, insol. ether. 
(B)-Bi-ohloro-dl-beniyl-amine 

This base occurs, together 
mth the two following, among the products of 
thoaotion of alcoholic NH, onoradecbloro-benzyl 
ohlonde (Berlin, A. 161, 141).—B'HCl: [228“]. 
B'HBr: [224“].—B'HI: [215“].-B'HNO,: [204“]. 

M-Bi-ohloro-di-benzyl-amine 
(0AC1.CH,),NH. Balts.—B'HOl: [220“].— 
[212°]— B'HI: [187“).-»HHNO.: 

[l»t) J. 

(S}.Dl-chloro*di-beBs^l>unine 
(0,H,C1.CH,),NH. Salts.—B'HCl: [222“].— 
BWi: [I99“].-B'HI: |!h8“]. - B'HRO,: 
[179 J. 

Tri-p-ohloro-tri-benzyl-amins 
^CjHjOl.CHdiN. [79“], From p-chloro-benzyl 
bromide and alooholioiiNH, (J. a. F.). Needles; 
sol. hot alcohol, ether, benzene, and CS,. 

SaltS!-B'H012aq: [196%-B'H,PtCl,.-pale 
orange plates, insol. water, aloohol, end ether. 

THtEAd;Hrd)EO-o-BENZYI,-BENZOIC ACID 
, C,H,.CH,,0,01,.C0,H. Aretra.chloro-di-phenyl- 
flmlhane eeo-oarboxyUe'aeid. [157“]. From 
C,Hj.00.0,01,.00,H and cono. HI at 180“ (Kir- 
oher, Adl38,848). Hair.like needles (from dilute 
alcohol). Insol. water, v. sol. alcohol. 

S a Its—NAA' 4ag.—AgA'. 

OHLOIW-BENZyl BIOMIBE v. Cmow- 
Baouo-Tonftin. 

CHMHO-BEHZTl OHIOSIM v. Di chiobo. 

TOLUBia. 

OBBOKO-BENZn, CTAXISB «. mik «l 
OHLoao-rBaaii-Aelno Aon>. 



« 0HM1{D.BEJIZYL ETHTL OXIDE. 


«4>H10B0-SBKZTL EISTL OXIDE 
C,H,a.CHrO.C^.. (217°) (Sintenid. A. 161, 
8 M) i (2I6°_22S°) (Jaokion k. White. Am. 2.170) j 
(226°) (Errem, O. 17, 206). From jtehloro- 
bonzyl chloride (acetate or bromide) aod alco¬ 
holic KOH (Naquet, rl. Snp^. 2, 251). Liquid, 
with trait; odour; decomposed by heating above 
its boiling-point into p-clUoro-benzoio aldehyde 
and ethane (£.). i* 

c^OHI-OBO-BENZTIIDEIlE-ANILIira 
tCGl.G^H, - imide • chloride, 

[41°]. Formed bj isomeric change of the first 
formed oxim-chloride (C,Hj)yC:NGl by the action 
of PGlj ora POCl, upon benzophenone-oxim 
(C«HJ,0:N0H. GoloKniefeB rhombic tables (Beck* 
mann, B. 19, 989). ^ 

CHlOEO-BENmiDEKE CHLOBIDE t). tax- 

CRXiORO-TOLtrSNI. 

o CHIOKO-B£NZTLn)£NS.MAXONIC ACID 
C„HyC10. CyH,CI.CH:CH(CO^),. [192°]. 
Formed by heating malonio acid \^h o*chloro- 
benzoic aldehyde and HOAo fOh^tne hours at 
100° (Stuart, C. J. 63, 141). Decomposes on 
melting into CO, and ohloro-cinnamic acid. Boil¬ 
ing water s^its it up into o-ohloro-benzoic aide* 
hyde and malonic acid. * 

»-CHLORO.B£KZ7LlD£N£.(a).KAPHTHYL- 
AltIKEOACCl:N.C,aH,. [60°]. From benzoyl* 
(a)*naphthylamine and PG, (Just, B. 19,979). 

«*ChIorowbenfyUdene-(j3)-naphthylamine. 
[ 68 °], Similarly prepared (J.). Leaflets; slowly 
ooDverted into benzoyl*(^)*naphthyIamin 6 on 
•zpoanre to the air. 

CHtOEO-BENZYLIDENE-PHTHAlIMIDINE 
C„H,yClNO. [232°]. From lenzylidene-phthal* 
Imidina and PCI, (Gabriel, B. 18,12C0). NIedles 
(from alcohol). 

•-CHL0E0-B£irZTLIO£EE*o*T0LDlDIK£ 
C„H,,CIN i.e. C.H,Me.N:CCl.C,H, Benzoyl-o- 
toluMine-imide-chUn'ide. Formed by the action 
of PCI, upon benzoyl*o-tolaidine. Water regeno* 
rates benzoyl>;P*to!uidine. The compound was 
not obtained in a pure state. With sodio-malonio 
ether it gives Owtolyl*A*imido-benzyl*malonio 
ether C.H*.C{NC,H,).CH(CO,Bt), (Just, B. 19, 
982). * 

■».Chloro*beazyUde&e* 9 n*tolnidi]ift 
C„H„C1N U, OyH,Me.N:CCl,C,H*. Formed by 
the action of PCI. upon benzoyI*f»*toluidiDe. Not 
obtftined in a pure state. By the action of sodio* 
malonio ether it yields m*toljl> 8 -imido*bcnzyl* 
malonic ether Gf^.G(NO,Hy).CH(CO,£t), (Just, 

B. 19, 983). « 

wlEdoro-beAfylidena^tolaidine 

C, H 4 Me.N:CCl.C«B«. [62^. Formed by gently 
warming benzoy||p*toluidine with P61,. Large 
olesr prismatic crystals. Bv boiling with water 
or alcohol it is reconverted into the bevzoyl-p* 
toluidine. With j»-tolnidine it yields di*i)*tolyl* 
benzamidineO,H,.C(Nt!yHy)NHOyH 7 . With sodii^ 
malonic ether it gives p-tolyLd-imidO'benzyL 
malonic ether O.H..C(NC,H«Me).Ge(CO,Et), 
(Just, B, 19.979). 

C£t0E0.BEK2TL.KAL0NIf ETHER 
C.H,.CI4CCl(CO,Bl|^ (305°). S.G. || l-15q. 
Prepared by the action of benzyl^hloride (2o 
ptsA on cbloro*ma!onic ether (38*8 pts) and 
NaOEt (from 4'6 pts. Na and 70 pts. alcohol) 
iConrad, A. 209, 248; B. 18, 2169). Liquid. 
Uecompoted by EOH into%looboI, k»Dzyl°tar* 


tronio acid €«H,.OH,.0(OH){CO,H)„ and a litUs 
cinnamic acid. 

Amtde 0,HyG(CO.RH,)-. (o.80°). Whits 
needles. Sol. alcohol, insol. water. (Bisohoff 
a. Emmert, B. 15,1112). • . 

y>.CH10E0-BSNZTL K£E8AFTAK«0,H.GS 
ks. [4:1] C,Hj31.0Hy.SH. [20°] (J. a.W.). jfea 
p*chl(ffo*benzyl bromide tor chloride) and 
alcoholic KHS (Beila£ein, A. 116, 347; 147, 
846; Jiyckson a. White, Am. 2,167; P.Am,A, 
14, 312). Nauseous liquid or white crystals. 
Mixes with a^obol, etherr benzenA, and CS,.— 
(CyH,GlS)^Hg: from the memaptan and ppd. 
llgO; needles; insol. water, h. sol. ether and 
alcohol. e 

DI-p-CHLOEO-DI-BENZYL SULPHIDH 
0„H,.,CI,S i.e. (C,H,C1.CH,),8.^ [42°]. Fromn* 
chiorO'benzyl bromide and alcoholic NojS (Jack* 
son 0 . White, P. Am. A. 14, 319; Am. 2, 166; 
C. 18,1217). Thick ne&dles, insol. water, v. soL 
alcohol, ether, benzepe and CS,. 

Di-p-ohloro*di-benzyi disulphide 
i.e. (CyH,G.CH 3 ) 2 S 2 . [69°]. From p-ohloro- 

benzyl bromide and alooholia Na,S, (J. a. W.). 
Flat needles, with disagreeable smell. V. sol. 
alcohol. HOAc, ligroin, ether, benzene, and CS,. 

p-CHlOEO-BENZYL SELPHOCTANIDE 
CyH,Cl.CHj 8 .CN. [17°]. Prepared by boiling 
an alcoholic solution of p-chloro-benzyl bromide 
with KCNS (Jackson a. Field, Am, 2, 91). 
White fiat needles. 

DI.p*CHL0E0*DLBEK»r^8irLFH0N£ 

Cj.H^ClySOj i.e. (CyH, 01 . 082 ) 280 ,. [165°]. 
Fmroed, together with CyH^Cl.CliySOjH, by the 
action of K^SO, on p-chloro-benzyl chloride 
(Henninger a. Vogt, A. ICC, 374). Prepared by 
oxidising p-chloro-benzyl sulphide with CrO, 
(Jackson a. White, Am. 2, 167; P.Am.A, 14, 
312). Very small needles (from alcohol); insol. 
water, sol. alcohol, ether, HOAc, and CS,. 

Isomerides [149°] anA [186°] are form^ when 
crude cbIoro*benzyl chloride is used (H. a. V.). 

CHLOEO-BENZYL^SULPHONIC ACI^ v, 

ChLORO*TOLUE1« BULPBONIC ACID. 

DI-p-CI&OBO-DI-BEHZTL DI-OTLFHOX- 
IDE (C,H,Cl.CHJ,S.Or • [120°]. Obtained by 
oxidising di>j)*obloro*di>benzyl disulphide with 
CrO, in HOAo (Jackson a. White, Am. 2, 169; 
P. Am. A. 14, 816). Waxy solid, becoming 
crystallino; inaol. ^ter, v. sol. alcohol and 
ether. 

DI * CHLOEO - BETORCIN OAMMOH),, 
[142°]. IJrepared by adding tetra*ohloro*betor* 
ein in small portions to boiling hydrio iodide 
If p.o.). Crystallised from light petroleum 
60 pts.]^ (Stenbouse a. Grqves, C, J, 37, 395). 
Colourless needl0. Sol. CS,, benzene and ether. 

Tetra-ehloro-beterq)!! CA^^i(OCl),. [109°]. 
Prepared, by add ing a solution ometomin to a 
slight exceiHJrchlorine hydirate (Ice and water 
saturated with G). The oryst^s which sepa* 
rate after 12 iiour 8 are recBys&llfced from light 
petroleum. The yield is quantitative (Stenhouse 
a. Groves, Q. J. 87, 899). 

Pfoperries.—Large white prisnte. V. soL 
benzene and ether, iasol. water. • 

OHLOEO.BROXAX v. CaCbtiO-m • BBOUO* 

acetic AliPSBTOE. * 

CHLOEO-BEOICAUSS C,H,G,Br,0,. [122°]. 
Colourless prisms. Formed by hteting m*obloro« 
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bromO'flCdtio ildehyjo with H,S 04 (tTacobsen a. 
Keumeistdr, 73. 15, 600)« 

CBLOBO'BBOHAKiUO ACID v. Culoro- 

BROMO- DI-OV 0 ®n*ON«. 

Cm.0BO-BBOUO.ACETIO ACID 
0£[C?lBr.CO;{H. ^ [201®]. Proparod by heating 
cbloro-acetio acid (1 mol.) witli brdiiine 4 I mol.) 
at 100® (Cech a. Steiner, ^5. 8,1^4). Pungent 
liquid; attacks the Bkm.^Its salts are t. sol. 
water. • 

Ethyl shher Etf. (c. 163®). Smells like 
peppermint; partially decomposes on boiling, 
mide CHClBr.CONH^: [126°]; needles. 

Chloro-^-bromo-acetic acid CClBrj-CO^H. 
(89°). (233^. Formed by oxidation of the cor* 
responding aldehyde with HNO, (Neumeister, 
B. 16,608). Trinfetrio plates (from cone. HNO,). 
By alkalis it is split up into CO, and chloro-di- 
bromo-methane. ^ ^ 

Salts.~-£A'2aa: glistening soluble prisma. 
^PbA'gaq, sparingly soluble slender needles. 

Bthylether A'Et: (203°); liquid. 

Amide CClBr 5 .CONH.: [127°]; smalltrans- 
parent dimetrio tables; v. sol. ether and chloro¬ 
form, si. sol. benzene and CS,. Formed together 
with CHClBr, by the action of dry NH, upon di- 
chloro-tetra • bromo - acetone CClBr,.CO.CClBrj 
dissolved in ether (Levy a. Jedlidka, B. 20, 
2320). 

Di-chloro-bromo-acetic acid CCl,Br.COjH. 
[64°]. (216°). Formed by oxidation of the cor¬ 
responding ^deBydb with HNO, (Neumeister, 
B. 15, 602). Large prisms. T. sol. water and 
alcohol. By boiling with alkalis it is split-up 
into di-chloro-bromo-methane and CO,. 

Salts.—KA'3aq: long trimetrio prisms.— 
NaA'Saq: large tables, sol. water, alcohol, and 
ether. — “NIIjA': long tine needles.—PbA',aq: 
sparingly soluble glistening prisms. 

Ethyl etherMEi'. (189°); liquid. 

Abttis[189°]; (231°); tables. Sol. alcohol 
and ether; inso]. chloroform. 

CHLOEO.DLBEOMO'ACEnC ALDEHYDE 
CCIBr 2 .CHO. Chlorobromal. (1^°). S.G. 
2*2793. Prepared by the action of bromine on 
ohloro-acetal CH..Cl.cH(OEt),. Liquid. By 
treatment with EOH it gives chloro-di-bromo- 
methane (Jacobsen a. Neumeister, B, 13, COO). 

•Hydrate CClBr,.OH(OH],. Ohloro-di- 
hrotno.acetie ortkaldehydf. [52°J; small prisms. 

Alcoholate CCiBr,.CH(On)(OEt): [46°]; 
long needles. 

Combinatloo with Acotamide [138°]. 

Di-ehloro*broiao-aoetio aldehyde dtl^Br.CHO. 
Brmochloral (126°). S.G. ^ 1*9170. A're- 
pared by the action of bromine on di-chloro- 
acetal CHCl,,CH(OEt), (JacoH^en a. Neumeister, 

B. 16, 600). Colourlesg *pungent liquid. On 
heatii% wifll H-SO, it gives^br^ochloralide 

C, H,Cl,Br,<P, [122°]. 

■Hydrflfe^CI,Br.CH(OH),. Di-cklaro-bromo- 
acetic orthalmehyda. [61°]. Colhurless trime- 
ttic plates. Sol. water, alcohol, and ether. 

, Alcoholate CCLBr.CH(OH)(PEt); [43°J; 
Blenderndbdles. ^ /vr / i j» 

CHLOBOr-aaOMO-ACWO-ACETIC ETHEB 
C«H,ClBrO,. ^roin chloro-aceto-acetic ether and 
"f; or from bromo-aoeto-aoetio ether and Cl 
{Mems, 4.246,88). OU. NaOEtgivesbromo- 
•cetio other. * 


Chloro4i-bromo-ac«to-ae«tie ether 
0JH,ClBr,O,. PVom di-bromo-aoeto-acetic ether 
and Cl in disused daylight (M.). NaOEt forma 
chloro-bromo-aoetio ether (162°). 

Di-ehloro<broxao-aoeto-aoetie ether 
OyH,CI,BrO,. From bromo-aceto-aoetic ether and 
Cl (M.). NaOEt forms di-cbloro-aoetio ether, 
ui-ohloro-di-bromo-aoeto-acetio other 
0,H,(?l,Br,0, t.e. CHBr.,.CO.CCl 2 .CO,EW?) 
S.G. j]f*l*956. Formed by brominatign m di- 
chloro-aceto-acetic ether. Oil. On saponification 
by heating with HCl it yields di-(^loro-di-bromo- 
acetone (Conrad a. Gutbzeit, B. 16,1561). * 

CHLOBO-BBOAIO-ACETOHE C,H,ClBrO U. 
• 0 
• A 

CH^UCO.CH^Br or CH,Cl.CH.CHBr. [ 86 °]. 
( 0 . 179°). Obtained from ^ichlorbydrin 


CH-^Cl.CH.CH., by treatment with HBr and oxi¬ 
dation of I^/C8ulting CH,Cl.CH(OH).CH,Br 
(Thfegarten/^^ 6, 897,1276). Pungent crystals, 
si. sol. water; v. sol, alcohol and ether. Forms 
a crystalline compound with NaHS#, (Theegar- 
ten; cf. Cloez, ^4 Ch. [6] 9,146). 

Chloro-tri-bromo-aoetone C,H^r,C10. [60°]. 
Prepared by heating dichloro-dibromo-aoetone 
with HBr; or dichlorhydrin (1 mol.) with bro¬ 
mine (3 mols.) and water at 110° (Claus a. Lind- 
horst, B. 13, 1210). Trimotrio prisms: a:b:e 
-•7124:1:2. 

Chloro-tri-bromo-acetone C,H,ClBr,0. 2W- 
bromo-epichlorhijdrin. Prepared by treating epi- 
chlorhydrin (1 mol.) with bromine (1 mol.) at 
100°^ Pungent liquid; heavier than water; can¬ 
not be distilled even in vacuo. On shaking with 
water it forms a hydrate C,HjClBr,04aq [55°j 
(Grimaux a. Adam, Bl. [2] 33, 257; cf. Cloez, 

A. Ch. [6] 9,146). 

Chloro-tri-bromo-aoetone C,H,ClBr,0 ia. 
CBr,.CO.CH.,Cl. (216°). S.G. 2*27. Fromchloro- 
acetone and bromine at 100° (Cloez). Pungent 
liquid. Forms hydrates 0,H,ClBr,0 4aq(from 
water) and C,H,ClBr,0 aq (^m alcohol). Cold 
aqueous ammonia forms bromoform agd ohloro- 
acetamide. 

Di-chloro-di-bromo-ae«tone CJHXLBr.O » 4 . 

0 

A • » 

CHRrCl.CH.CBrCl or CHBtaCO.CHBrCI. [-8°]. 
(135°) at 40 mm. From di-ohloro-acetone (de¬ 
rived from epiohlorhydrin) and bromine (Cloez).’ 
Does not oombioe wil;^ NaHSO,. With water 
it forms long prisms of the hydrate 
CH^ClgBVjO 4aq [64°j. Does not give off a 
ohloro-bromo-mothane wben*treated with am¬ 
monia, 

Di-chloro-dl-bromo-acetoae C,£LCLBr,0 i.e. 

I 0 • 

A 

OBr,Cl.aH.CHCI or CBr,Cl.CO.OH,CI (141°) at 
20 mm. Preparod by heating diohlorhydrin 
(1 mol.) with lAomine (8 mols.) and 4 the volume 
, of water to 110° until thr colour of the Br has 
gone; the field is theoretical (Claus a. Lindhorst, 

B. 13,1209: ef. Oarius, A. 155,88; Grimanx a. 
Adam, B2. [2] 32,14; Cloez, he. oiL). Forms a 
hydrate O^HjOlaBr.O im, [56°], (140»-1W°) at 
80mm. Not ideniw with the pmedlpg (&). 
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J}i-cliloro-4i*bnmo-aoetone OHCl|.CO.OHBry 
(laO**) tt 95 mm. Formed by action of bro* 
mina on ordinary di-chloro-acetone orBarbaglia’s 
di*diloro>aoeton6 (170^) (Oloez). It forms un« 
•table hexagonal tables of OgH^Cl^BrjO 4aq. Am¬ 
monia forms no ohloro-bromo-metbane. HgClj 
gives tetra-ohloro-acetoue. 

Si-ebloro-di-bromo-aoetone GgHyCl^rjO or 
OHC4<OO.CHBr, (?) Formed by heating di- 
ether wi#i HCl 
(Conrad a. Outhzeit, B, 16» 1652). Colour¬ 
less pungent liquid. Forms a hydrate 
CaHsOl^BraO 4aq crystallising in large colourless 
six-sid^ tables. Is perhaps identical with the 
preceding. " . 

Bi-cbloro-tetra-bromo-acetone 
CC^rrCO.CClBr,. [79®]. Formed by the action 
of bromine upon ^-di-chloro-p-di-oxy-quinone 
(chloranilio acid) CaCl,(OH).^x. Transparent 
monoclinio crystals (from acetic acid). Heated 
with baryta-water it yields chloro-di-brorao-me- 
thane GHClBra. Dry NH, gas ponf^rts it into 
chloro-di - bromo - acetamide CdH^CONH^ (-and 
obloro-di-bromo-methane. With phenyl-liydra- 
zine it givtfj a mixture of cbloro- and bromo- 
benzene (Levy a. Jedlidka.B. 2p, 2319; cf. Sten- 
house, A. Supph 8,17). 

Tri-chlorooromo-aoetoae C,H,CIsBrO i,e* 
C01a.CO.CH3Br. (190®). Fromtri-chloro-acctone 
and bromine at 100®. Very hygroscopic, forming 
hexagonal tables of the hy d ra t e CsH^ClsBrO 4aq 
[46®J. With ammonia it forms chloroform and 
bromo-acetamide (Cloez). 

XBI-CHLOaO-a^.DI-BBO MO-ACETYI-FBO- 
PIOKIO ACID C,H,Cl,Br,0, i.e. 
CCl,.CO.CHBr.CHBr.CO^. [98®J. From tri- 
ohloro-aoetyl-aorylio acid eind Br in chloroform 
(K^aI6 a. 0. Streoker, A. 223,188). Volatile 
with steam; may be sublimed; insol. cold water. 
Boiling lime-water splits it up into chloroform 
and inactive tartaric acid. 

CHLOEO-BBOMO-ACRYLIC ACID C,H,CU3rO 
U CBrCl:CH.COjH (?) [70®]. S. 5'75 at 20 : 
Prepared by the action of HCl on bromo-propiolic 
acid at 0® (Mabery a. Lloyd, Am. 3,127; Hill, 
B. 12, 660). Needles or prisms; may be sub¬ 
limed* W. sol. alcohol and ether. Chlorine 
forms tri-chloro-bromo-propionio acid [84®] (Ma¬ 
bery, Am. 9,1). - 

Salta.—EA'.—^BaAs2aq: flattened prisms. 
S. 14*15 at 20®.-^OaA',4aq: needles; v. e. sol. 
hot water.—AgA^ 

(a)-Cbloro-^-bromo-aorylio acid 
0gdBr^00,Hi.«.CBrs;CCLC02H(?) [104®]. 8. 
5^ at ^®. Prepared b> the action of ClBr in 
chloroform on bromo-propiolic acid in the cold 
(Mabeiy a. LloydwAm. 6,157). Triolihic prisms 
(from uSJ t BoL hot water, CS,, and chloro¬ 
form. • 

Salts.—AgA'; trimetrioplates (from water); 
not affected by Iigh^L.>CaA'« 2^aq; branching 
needles.—BaA', 3aq: flat prisms. S. 20 at 20®. 

(/3)'Cbloro-u-bro]no-acryUo acid 9 
CBrOhCBr.CO^. [99®]. S. 2*5 at 20®. From 
chloro-tri-bromo-aciylic acid byf^adding baryta- 
water in the cold tillftlkaline (M. a. L.). Prisms, 
(from OSj); v. sol. alcohol, eth^, and hot 
water.—BaA^fSaqr 'llenda prisms. S. AS at 
20®.~CaA^f bnnehing needles. 

Di-cbloro-brom<Hterylio acid 03rCl,.C02H 
U. OC4;C®r.CO,U(?) [7r>W0®J. S. 6-9 at 


20°. Obta&ed by the action of cold barytA* 
water on di-ehloio-di-b^mo-propionlo acid ob¬ 
tained from a^-di-bromo-ao^lic acid and 
chlorine (Mabery, Am. 9, 8 ). Prises; r. sol. 
alcohol and ether: si. sol. cold CS 3 . * 
Salts. — KA': slender fieeaies. AgA' f 
slender needJ^s.—BaA '3 3aq: trimetrio pIat 4 ^-> 
GaA '2 4&q: pearly needles. « 

Di-chloro-bmmo-aorylio acid CLBrOlfXO^H 
i.$. CClBriCBr.COjH^) [ 86 ®]. S. 2-6 at 20® 
Obtained by the action of cold ^aryta-water 
(1 mol.) on di-ohloro-di-bromo-propionic acid 
(1 mol.) that has been prepared from bromine 
and ofl-di-chloro-acrylic acid (M.). Prisms; v. 
sol. alcohol and ether, m. sol. 083 ." This jscid 
is possibly identical with the preceding. 

Salts.—KA': pearly needleg.—AgA': slender 
needles. — 3aq: trimetrio plates. — 
CaA', 4aq: jagged plates. 

® CHLORO-BBOUO-AS.DEHYDE v. Chlobo- 
BBOHO-AOJBTIO ALDBHYPB. 

Dl - CHIOBO.m-BBOMO - AMIDO • AOBTGk' 
PHENONE [5:2:1] C,H,B^NH 3 ).CO.CHCl,. 
[110°-120°]. Formed by boiling oxom-tri-bromo- 
amido-acetophenone with HCl (Baeyer a. Bloem, 
B. 17, 967). Sublimable. Fine felted orange 
needles or long flat prisms. V. sol. alcohol, si. 
sol. water. By boiling with dilute NaOH and 
exposure to the air it yields bromo-indigo. 

CHIOBO-BBOHO-ANaiHE C,H,ClBr(NH 3 ) 
[2:4:1]. [69®]. Formed, together with ®-bromo- 
aniline, by the action of iiiL and HOI on j)- 
bromo-nitro-benzene (Hubn« a. Alsberg, A. 
156,312; Fittiga.Buchner.A. 188,14). Formed 
al^ by chlorinating ^-bromo-aniline. Prisms; 
volatile with steam.—B'HCl. 

Cbloro - di • bromo • aniline CoHfOlBrjjNEJ 
[6:4:2:!]. [95®]. Formed by bromination of 

o-chloro-aniliue (Langer, B. 15, 1065; A. 215, 
115). Long white needles (from benzoline); 
V. sol. boiling alcohol aiyi ether. « 

Cbloro - di • bromo - aniline OaHjClBr^lNH,) 
Formed by brominating p-ohloro-aniUne (Hof¬ 
mann, A. 53, ^ 8 ). WMte prisms, which faelt 
in hot watea; volatile with steam. ^ Does not 
form salts. r 

Cbloro - tri • bromo • aniline CgHCIBrg^NHJ 
[3:2:4:6:1]. [124^]. Formed by bromination of 
m-obloro-anilino by Br in dilute HOI (Langer, 

B. 15,1065: A. 215, ^12). Thin white needles 
(from alcohol); v. sol. boiling alcohol and 
ligroin. 

Di - cbloro - bromo • anilino C 4 H,Oi 3 Br(KH,) 
[2:6:4:!]. • [93*6®]. Formed by chlorinating 
^-Inomo-aniline (Fittig a. Bflohner, A. 188,22). 
Does not unite with acids. 

Di • eliloro • tri<4>romo-anitino G, 01 ,Br,(NH. 3 ) 
^:5:2:4:6:1]. [21^*51]. From di-cbloro-aniline 
0A(NHJC1, [1:3:5] m*dUute HCkby bEomine- 
water (jUrt^^A. 215, 122)^ White needles 
(from alcohol). M. sol. boiling alcohol. 

Tri -fiblorcodi -bromo • anUi^o V<aCl,Br 2 (KE 2 ) 
[2;4;6:3:6:1). [238*6®]. From 0 A(NH 3 )Br, 

[1:3:5] in ^etio acid by Cl (Langer, A. 216^ 
118). WhiM needles (flrom alcohol)^ 
DI-CEIOBO-BBOKO-AETEBAOEirE 

C, ^HfGl,Br. [168®]. Formed ^ heating di- 
omoro - anthracene tetra • bronlide at 190® 
Schwarzer, S. 10,876). Small CTeenish-yeUow 
amimo; v. aol. benzene and obl^form. 



OHLORO-BROMO-ETHANK. 


45 


• 

Di-eUoro-di*bromo>anthraoen6 0 , 4 H«Cl^Br,. 
[353*’]. From <Ii-ehloro<anthracene tetrabromide 
luid aloobolio EOH (S.). Small yellow needles 
(from>benE^e); si. sol. ^cohol, v. sol. benzene. 
l)i-<9tloro*tei;i%<bromo-antbracene 

Formed by the aoiiw of aloobolio 
EOH upon di«ohl9ro-di>bromoantnracedb-tetra« 
bromide (Hammerschlag^B. 19, F107). Golden* 
yellow needles. Solid at* 380^ V. sol. all 
solvents. Bs OrO. aod aoetio acid it is oxidised 
to tetra*brom^anthraquiDono. 

BI. GHL0S(^-PI. BBOUO - ANTHBACFKE- 
TETRA-BEOHITO [212®]. Glisten* 

ingyrhite ffeedlea (from acetic acid). Formed 
by combination of cU*obloro*di*bromo*anthraoene 
with bromine v^onr. By alcoholic EOH it is 
converted into di*Qhioro.tetra'bromo-anthracene 
(Hammersoblag, B. 19,1107). 

m*CHLOBO*BBOHO«B£NZEirE PeH^ClEr 
ri:3]. From p-obloro'aniline by bromination 
and elimination of NH, by the diazo* reaction 
(Edrner, J’.187^826; G. 4, 306). 

p.ChlorO’bromO'benzene O^H^ClBr [1:4]. 
[07®]. (196®). From j)-bromo-anilino by dis¬ 
placement of NHj by Cl; or from p-ehloro- 
aniline by displacing NH, by Br (Griess, Tr. 
1864 [.3] 702). Also by boiling p-ohlorO'benzene 
with bromine [EOrner, 0. 4, 342). 

Chloro-tri-Womo-benzene CtH^ClBr, [1:2:4:6]. 
[80®] (S.); [82°] (L.). Formation.—!. By heat¬ 
ing the perbromid^ of tri-bromo-diazo-benzene 
chloride (from ti^romaniline) with glacial acetic 
acid (Silberstoin, J. pr. [2] 27, 113).— 2. From 
C,HCIBr,(NH,) [123-5®], alcohol, and amyl 
nitrite at 100® (Langer, A. 215, 113; B. 15, 
1065). Properties.—Long satiny needles. Insol. 
water, si. sol. cold alcohol and glacial acetic 
acid, V. sol. hot alcohol, hot glacial acetic acid, 
ether, benzene and GHCI,,. 

Bj ■ cMoro * di - bromo * benzene OiIIsBr^Cl^ 
[67®] (Garzino, G. 17,502). 

Bi*€hloro*tzi*bromo^cnzene CgHCl^Br, 

tl»:2;4:6]. [121®], From q.(NHJCl,Br, by 
treatmeM with amyl nitrite ana i^pohol (Langer. 
d. 215,120; B. 16,^832). Small thin ueodios 
(from alcohol). 

Tri*ehloro-di*broztio«benzene G„HCI,Br, 

[1:3:5:2:4]. [119®]. From 0,(NH,lCl,Ur, and 
aftyl nitrite in alcohol JLangor, A. 215, 119). 
Slender needles. V. solrboiling alcohol. 

CHLORO-BBOIfO-BEKZOIC ACID 
C,H,ClBrO, U. O.H,01Br.COH. [151®]. 8. •20 
at 21®. Formed by adding brom^e to a hot 
solution of silver o-chloro-benzoato (but not of 
the free acid) (Pfoifer, B. 5, 05C). Slmdor 
needles (from wate*); may be sublimeij.—KA'aq. 
—BaA'a 3a<|.—CaA, 2aq. *• 

Cbloro-bromo*benzotf *aoid O^TIsGlBr.COjH. 
B.-09Ht 2f*. From m-ohJorq|benzcdo acid and 
bromine (1%. iflondcr needles^SSPaA', 2aq. t 
BI.CHLOJtQ|BI-BftOHO*B17TANE 
C4H.Cl,Br, lts.CH,.CHBr.OHBACHCV From 
Br and the di-ohloro-butylene derived from cro* 
Ionic aldehyde (Kokuld, A. 162, J8; Newbury, 
dm. 5, fts). l^oomposes above 100®. Con*, 
verted by Ifoklng dilate C-CO. into C.R^GlBrCr 

(U6®.120®).T 

CHIOBO%Z-BBOMO.BBm ALCOHOL 
C^H,ClBr,0. Obtained by the union of bromine 
With ohloro*4bteDy] (ebbro-erotyl) ^oohol which 
u itself got by rednotioa of m*<ialoro*batyl al¬ 


cohol (GarzaroIH-Tliurnlackh, A. 213, 878). 
HNO, oxidises it to chloro-di-brorao-butyrie 
acid. 

CHLOBO-BI-BBOUO.BBTTBIC ACIB 

C^HjClBrjO, i s. CH,.CHBr.CClBr.CO,H (?) 
[92®]. From o-chloro-crotonio acid and Br 
(Samof!, A. 164,105). Prisms, m. sol. cold, do* 
composid by hot, water. Distillation, or treat* 
ment with zino and HGl, converts it into chloro- 
erotonio acid.—PbA',.—AgA'. 

Chloro-tri-bromc-bntyric acid CiH^GIBrnO,. 
[140®]. Formed by oxidising the corresponding 
aldehyde with fuming HNO, (Pinner, B. 8 , 
1324). Small plates. 

CHLOBO.BI*BBOHb*Cu,^IO ALBEH7BE 
C 4 SsClBrj.O i. e. GH 3 .CIIBr.CClBr.GHO. From 
Br and a-cbloro-crotonio aldehyde in the cold 
Pinner, B. 8,1322). Oil; with water it slowly 
orms a solid'’ hydrate or orthaldebyde 
C^n.ClBr.lOH),. 

ChlorO'^-bromO’butyrie aldehyde 
Cj^^ClBrjOr^Formcd by wanning a-chloro- 
erotonio aldehyde with bromine (P.). Oil. 
Forms a hydrate or a>:thaldehyde 
C,H,ClBrj(OH), [78®] crystallising in slender 
needles. 

Bi-chloro'di-bromo-butyrie aldehyde 
CH. 3 Cl.CHBr.CClBr.CHO. [0.-78®]. From 07 - 
di-chloro-crotonic aldehyde and Br in the cold 
(Natterer, M. 4, 540). Combines with NaHSO,. 
It forms a crystalline hydrate or orthaldebyde 
CH,Cl.CHBr.CClBr.OH(OH), [72®]. 

CaiOBO-BBOHO-CAHPfiOB v. CAursoB. 

CKLORO-BI-BBOHO-n-CUMENE 
CJLCHBr.CHBr.CHjCl. [96-5®]. From styry! 
chloride and Br. Tables (from ether). 

TBI-CRLORO-BBOHO-CYIIENE 
" 0 ,Cl,Br(CH,)(C 3 n,)(?) [65®]. From sodium 
tri-chloro-cymene sulphonate and bromine- 
water (Kelbe, B. 16, 619). Needles, 

CHLOSO -PENIA - BROMO -DECTLENE 
OigH^ClBry From Br and menthyl chloride 
(Opponheim, A. 130,177). 

s-CHLORO-BROMO-ETHANE CH^Cl.CH^Br. 
Ethylene chloro-bromide. (108'). S«P* ^ 1’79; 
iiJ 1*70. 

FonmtioiK—l. From s-chIoro-iodo*ethansr 
and Br (Henry, A. 150*,’ 14).--2. From ethylene 
dl-bromide and HgCI^ (MontgdAer a. Giran4, Bl 
[2] 33,12).— 8 . From CH. 3 CI.CH 5 .OH and Br at 
130® (Demole, B. 9, 556).—4. From ethyl bro* 
»mine by chlorination (Loscoeur, Bl. [2] 29, 484). 

Preparation,—!. Bromine (600g.) is dis¬ 
solved in 700 e.c. iICI mixed wifii 700 0 . 0 . 
water, cooled with ice, and treated with chlorine 
as soon as the temperature^ of the liqdd has 
fallen, to 2°. Tlie chlorine is passed in, with 
h'e<iuent shaking, until the colour of the bromine 
has disappeared. Ethane is then pssed in, 
and the oil washed, dried, and distilled. It 
boils at|^07®-109®. If it boils at 109®-1U® it 
contains ethylene bromide (Bf. Simpson, Pr. 27, 
119; J. W. James, /. pr. [2] 20, 380; 0. /. 43, 
87).—2. OjH^Br, is gen^y warmed with SbClj. 
the produ^ poured into strong HCl, and the oil 
washed with very dilute NaOH and distilled 
(Ldssner, J. pr. 121, 421; James, 0. /. 85,806). 

Rfoetioni.—1. Acts upon boiling alo^lm 
E0NSfonniimOAOl(CNS).-2. AloidioUoXOH 
gives KBr and ohloro-sthylene^ 
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CHrCHClBr. alaohol into ohlore-bromo-ethylene (o.a 

w‘i *• ® > 1 ™™ with aRoholio^KOAo*it /orm» 

ao. 1-61 (B.); 12 1 . 67 . 0 HBr:C 01 , [IM'-llO”!. 

Formanon .— 1. From bromo-elbylene and <'})i-ohlorowdl-bromo«otlutndOHGlBrGH01Br 
Mnc. HOUq a( 100® (Moul, il. 166, 215).-2. Acetylene di-chloro-di-brtmvh. (19(P-196-l! 
B^bro^natmR ethyl ^lotide in snnl.^ p brommo and acetylene di-chlorlde; or fftm 

^ 19 ^J— 8 . By chlormc-and foetylene di-bromide (Sa.). Gives, 

jUonnatmg ethyl bromide (Loaomur, JJt [ 2 ] 29 , j with zinc and floohol, aootylSediWrido ( 50 °- 


by alcoholic bi-oh'iorc-di-bromo-ethane CHBr.CBrCf- 
KOHintoKBrandbromo.cthylone. Ag,Ogives (177°). S.G. Jtf 2-270. Krom CfiTcHCl and 
aldehyde. Br in sunlight (S.; D.). 

I / Di-ohloro-til-bronio.ethane « CHBr,.CBrCI,. 

.i, J (216'’-220°). From CH..CHC1, aneb Br in sun- 

of ethyl ohbnde iirtunlight (Stuedol, B. 11, light (S.; D.). ^ 

1789; Denzel, A. 19X 1961. Liouid. Converted Di.chlorn .t.Afrft.t)f>Amn-ci41ta«im /I /II 1 ).. .■ . 


Of ethyl chloride iirt'unlight (Stuedcl, B. 11, 
1789; Denzel, A. 19^ 196). Liquid. Coovected 
by alcoholic KOH into CH,:CClBr. ^ 

Chlero-di-bromo-ethaae CHoBr.CHClBr. 
(168® i. V.). S.G. ^ 2*268.* From chloro- 
ethylene and Br (Hugo Mttller, A. Su^ipl. 3.287). 
Prom ohloro-bromo-iodo-ethane an^Br (Henry, 
BU QQ 42, 263). Also from EtCi^li^ Br in sun- 


aquid. Conveifcd Di.chloro-tetra.bromo.fithan6 aci^r^ lA 

nTTT> /ixrr.m [180®], Colourl^sB crystals. Pre- 

^ CMjBr.OHClBr. pared by the action of bromine on CILBr.CCI.Br 
I. From chloro- (Denzel, B. 12,2207). o -a 

, A. Su 2 }pl. 3.287). Tri-chloro-bromo-ethane CCL.CH.Br. (162®). 
(Henry, 8.0. § 1*884. Formed by heating tri-ohlorof’ 

*.r!T*»^r Til. tn oMM. I nr>i rtrr ..-.i. 


* f - -—a; v.''.'*A»iy.vxx^r. vxinveriea oy aioohoiic K(. 

Chlon^bromMthane CU.,Cl.CHBr.,. From ; into CCi,;CHBr (115°) (Honry. C. ^98, 37m! 
^de ohloro^romo-iodo-ethatbd and Br (IL). i Tri-ohloro-di-bromo-ethane CHBr .C( 


^de ohloro^romo-iodo-ethatfti and Br (IL). Tri-ohloro-di-bromo-ethane CHBr CCI 
<^“«=CBr, (89°) and ( 200 °). S.G. 2 2-317. From chloral and BfclX 
CUj,CBrCa re8°). (Paterno, J. 1871, 512 ; Q. 1, 590). 

1 Xetra.chIoro.dl.broiiio-othaao CCLBr.CCl Br. 

i. V.) at 786 mm. 8.0. “ 2-®^. Formed by Bromide of pcr-chloro-ethylene. S.G. 21 2-3. 
the action of bromma on Ri* . nn £.»Kwl , n r%i n-.*_t. . .. .... 


41 . ' *• It -• — «wr : ^/umuto oj pcr-cnioro-emyiene. s.w. a* 2 - 3 . 

the action of bromine on CH,.CC]Br„ on ethyl From C,CI, and Br in sunsh^e (Malaguti. A. Ck 
«Wond«g OT CH.®nCHBrCl or on CHj,:CaBr [3] 10,14). Tablee (Irom SlAol). Begins to 

tnw 2'>‘2“'‘2« at 100“ Oat decomposes at 200° into 

KOH. BbOl, forms CHjBr.CCI,. Brcnd C.,C1,. 

sSSS-J-EBs 

jIES - 

e, 261(). Pungent crystals; t. e. sol. alcohol and cciBr “““ “‘“‘""O® a"^ 

ether. . a . 3 * 

Ohlofe-peata-bromo-ethaae C.ClBr.. [170®!. ■< CHLOBO-BROMO-EIHFH Chlobo-bhoiio- 
Prepared by the action of bromine on chloro- j oxroE.^ 

Iribromo- andchloro-tetrabromo-ethane (Denzel ! 5-CHL0B6-BK0M0-ETH\LENECJ^ClBriA 
B. 12 , QdtP?). ’ I CHChCHBr. Accfy[ej«cfifd,'o- 6 romuie.( 82 ®). S.G. 

Di-ohlora-bromo-ethano CH.-CCl^Br. (90® i “ (S*); 1*747 (S.). Bromine 


iwDro*o-eiaaneuil(;i,.CH..Ur.(138®). "y *ne yieia le smaU (FUmp- 

8.0.1*869. From CHClyCHjOH and PBra(Lacro, ■ ^* Formed also by treating 

O. ii. 104,1180). From CHBrj.CH.vBr (Henry , CHC4.CIIBr, with zinc and alcohol (SabanejefT, 
0. JB. 97.1491; Bf.[2] 42,262),or CHCIBr.CHir 216, 258). Liquid, does not polymerise. With 

and Sb01|. Cavorted by iJoohoiio KOH into J ®^®obolio l^H it gives off an explosive gas, pro- 

j bably CjHCl. 


CHpCClf. j bably CjHCl. 

i)i.K!hloi».br«ino..than.CHCIBr.CH.,CI.(140° I ebloro-bKmo.ethylon» CH,:0ClBr. 
eor.). S.G. ^1-8(85; ]| 1-8542. M.M. 10-995 | t’rom oMoro-ethyJene bronilde OH^r.CF 
at 21-6®. Formed by gradually adding bromo. j and KCy (Hugo Stiller, C. J. 17,420) or aico- 
a^ylane to chloroform through which a current, hollo KOH (Denzel, I. 195, 206 u Demole a. 
of ehlotuu Upasaing (jerkin, C. /. 45, 635). J Durr, B.-liHm2). Also frem chloroSromo- 
AM^ing to Leeoceur (Hi. (2) 29,485) three* iodo-ethane (from Cja,Br and ICl) by alcohoUo 
isomerie di.<diloro-bromo-ethaneB are fjrmcd by KOH (Henry, ^1. [2] 42, 263). • lingent odour, 
dUorioating ethyl bromide, viz.: ( 1 ). (187°); readily polymerisee, becoming .Sid. Absorb. 
^^ 21 ^ 8 ,—( 2 ). (161°); 8 .G. 2X'99d.~.(3). (e. ^ oxygen forming chloro.aoetyl bromide and 
160°); 8 .G, 2 2'llS. , bromo.acotyt chloride. - 

M^hlon^l-bromS^thana CHClyCHBrr' Chloro - di. brom%-athyleoe CHBr:0Br(31. 

(142°) at 785mm. S.O. U 2-2f5 (S.). From 
25; . . *• acetylene dibronude and ohloro-tri-bromo.ethane CHJ3r.CBr,a end aleo- 

Bl>01,m fee cold (to^iefl, X. 216,256). Alee hollo KOH (Staedel, B. llTndO). 

foiling ohloro-tri-broma-propiapie acid with 

HOO. iUa«<iciM.-I. C(»TWted by Za and baryta-water(Mabl^y,dm.6,266ridt!iid. 
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O]ilor 0 *tri-bromo««th 7 leae 0,01Br, ».«. 
CBrjK)Br01. [84*]. (2fl4f) &t 730 mm. Pre¬ 
pared by the aotion ot alooboHo EOH on chloro* 
tvtra-brom^-ethane (Denzel, B. 12, 2208). 

Dl>elfloro*broiA)-ethylene CHBr:004 [114*- 
116^. S.G. I'OOO. Formed b}uthe action of 
aloobolio EOH on pH^Br.CBrCl, (Denzel,M. 195, 
206), ot on CClvCHjBr (Henry, <7. B. 98, 370). 
Alzo from CHBr^OHCl, • by alooholm EOAo 
(Sabanejeff, 4.216.261). 

Di* obloro • di - bromo < ethylezv CC4:OBr,. 
(o. 194* 7). Fren^ed by the action of alcoholic 
KOH on di • ohloro - tri - bromo - ethane 
CHB/.i.CBrCl, (Staedel, B. 11,1740). Also from 
CGl,.C01Br, by heating with aniline (Bourgoin, 
BL [2] 24, lli). ^Bolidifles below 0*. 

CHLOBO.DDraOMO.in.STHYL OXIDE 
CHClBr.CHBr.OEt. (170*-180*). From ohloro- 
vinyl e^yl oxide and (Oodefroy, C. B, 102, 
869). 

* Tri-oblero-di.bromo-di-etbyl oxide 
aHjClaBr^O Is, CCLBr.CClBr.OBt. [17*]. From 
tn-chloro-vinyl ethyl oxide and Br(Bnsch, B. 11, 
446). With AgOAo it gives C,Cl,Br{OAo) 2 . 0 Et 
(180^-190*). 

Hexa • ohloro • tetra - bromo - di • ethyl oxide 
C^CljBr.O. [90*]. Obtained by union of Br 
with ohloroxethose C^H^O, a substance formed 
by the aotion of alcoholic E 2 S on percblorinated 
ether (Malaguti, A. Ch. [3] 16,19). 

DI-CHIOBO-TEm-BBOMO-FlBOBESCElE 
C«H,0»Cl,Br, t.ef 0 .H 2 Cl,(G,O 2 )(C,HBr 2 OH) 2 O. 
Ih-chloro-eosvt. Formed by brominating di- 
ohloro-fiuorescein (from resorcin and di-chleiro- 
phthalio anhydride). The alkaline solution has 
a bluer shade than that of eosin (Le Boyer, A. 
238, 358). 

S alt.—CaiH^E.O.a^Br,. 
CBLOBO-BBOHOFOBH v. CnLOBO-ni-BaoMO- 

UETKA^B. . 

CHLOBO*DI-BBOHO.H£XANE O.HMClBr,. 
(219*). From bexonyl chloride and Br m COI 4 
(Deftrem, A. Oh. [5] 27, 58). 

Chloro-^tra-bromo-hexane G,H^IBr,. From 
Br and ohloro-diallyl plenry, C, R. 87,171). 

CHLOBO-DI.BBOMO-HEXYL ALCOHOL 
0 ,H„ClBr 20 . ( 0 . 264*). S.G. ^ 1'99. From 
ohl^-bexenyl aloohoi (186*) and Br (Destrem, 
A. Ch. [ 6 ] 37. 58). e 

CELOBO-BBOKBnrDBlH v. Oulobo-b&ouo- 

r&OPTI. XLCOBOL. ' 


CHLOEO.BEOXO.HTDBOQEIHOHS 
C,H 2 ClBr(OH) 3 . [172*]. Formed by laponifica- 
tioD of its di-aootyl-derivative produce d by^he 
action of acetyl ^ronude on ohloro-quinone 
(Schulz, B. 15,656). Formed %!so by tBe aotion 
of cone. BLBrAq on ohlo^-quinone (Levy a. 
Sobultii A. 210,160). Long ne q^les. ^1. aloo¬ 
hoi and ethir, •£ acH. water. oxidation 
it gives ohloro-hrqmo-qninone [172*]. 

Di>acttyi-a$rivativ$ 

[146*]. Short needles. Sol aloohoi and benzene. 


Di«ehloro-di-bromo-hydroqnl&oiia 
C.Cl,Br,(Oa). [6:2;6:8 j 4:1]. [238*]. ^Formed bv 
mductionof ui&oorresponding quinone bySaOl, 


^vy.B. 16,1^7; 18,2809; Srause, B. 12.64; 
Hantsch, B. 20, 2279). MonooUnio orreti^: 
»2-976;l:a‘76; 8-77* 22^. 

: 1^0*] (Levy, B. 18,8869). 


a:b:c 


Tn-ehloro*brome>hydroqnlaoneG«BrO!,(OH), 
[329*]. Fromtri-obloro-bromo-quinone, HI, and 
phosphorus (Stenhouse, A. Su^l. 6,219). Also 
from tri-ohloro-quinone and oonc. HJBrAq (Levy 
a. Schultz, A. 210, 1611 Monoclinio needles, 
a:5:c-2-916:l:2*671; 3-77*40'. Insol water, 
sol dilute alcohol 

CHL 8 BO - BBOHO-KYDBOTHTMOaOlNONB 
0,Me(0|H,)01Br(0H)j [8:6:2:5:4:13. or 

[73*3 {?)• From cbloro-tbymoquinone ^ 
0 ,HMe(C,H,)Gl( 0 H )2 [3:6:2:4:lj and HBr; or 
from bromo-tbymoquinone • 

C«HMe{C,H,)Br(OH )2 [3:6:2:6:1] [45*] and HCl 
Obtained also by redumna ohloro-bfomo-thymo- 
quinone [87°] with hydroxylamine (Sehuiter, B. 
20,^318). Needles. 

Chloro'bromo-hydrothymoquinone 
C.Me(0,H,)ClBr(0H)2 [3:6:5:2:4:1]. [ 66 ^. 

Formed by reducing ohloro-bromo-thymoquii 
none [78®] with hydroxylamine (S,). 

CHLOB%.. BBOHO • HYBBOXOLUOXTIKOKE 
O^B(^eCiBr(45ftj. [123*] (anhy.). Formed by 
the action of HBr upon ohloro-toluquinone. 
Crystals (containing aq). V. sol Alcohol and 
ether, m. sol water and ligr9Sn, si sol. benzene 
and chloroform (^ohniter, B. 20,2286). 

Chloro-bromo-hydrotoinquinone 
C«HMeClBr(OH).j. [121*] (anhy.). Formed by 
the aotion of HCl upon bromo-toluquinone. 
Long needles, containing aq (from hot water). 
Begins to sublime at 105* (Sohniter, B. 20, 
2287). 

CHLOBO • BBOHO • lOBO • ACBYUC ACID 
O 301 Brl.CO,,H. [116*]. Formed by beating 
bromo'propiolio acid with an ethere^ solution 
of lOI (Mabery a. Lloyd, Am. 4,96; P. Am. A, 
17, 99). Monoclinic prisms (from water) melt¬ 
ing at 110 *; but at 116* when crystallised from 
CSj; may be sublimed. — AgA'. — CaA'^ aq : 
branching needles.—BaA'^S^aq: prisms; S. 
25-4 at 20*. 

Chloro-bromo-iodo-aerylic acid C,HGlBrlO« 
[129*]. Glistening oolourlcas plates. V. sol 
water, alcohol, and ether. Formed by the action 
of a chloroform solution of CiBr upon iodo-pro- 
piolio acid (Stolz, B. 19, 539). • 

GHLORO-BBOHO-IODO.BIHANE C^H.ClBrL 
(194*1. 8 .O. 2-63. SJowly formed by union 
of ICl with bromo-ethylene in the cold (Maxwell 
Simpson, A, 136, 142; Eenrf, C. B. 98, ftO). 
Oil Converted by aiooholio EOH into ECl 
(3 pts.), El (1 pt.), bcomo-iodo-ethylene CHjrCBrl, 
and onloro-bromo-etbylone CH^CGlBr. Henoe 
the ohloro-bromo'iodo'othane must be a mixture 
of isomerides. 

OELOBO-BBOtfO-IODO-F:^PAKE 
GiHsClBrl. S.O. ^ 2*325. fnm ohloro-iodo- 
propyl Alcohol and PBr, (Henry, B. 4,708; qf. 
8 , 851). Oil. 

« DI-CHIOBO-BBOHO-XEBITTLEKS 

0,H^rOl,t.«.O,ByBr(CH,)(CH,Cl)^ [76^. From 
bromo-diA>-oxy-mesitylene by beating with oono. 
HOUq (Colson, A. Ch. [ 6 ] 6 , 101). Beadily 
gives off HOI iif the air. 

. OELOBO. BBOHO • HBTHAHX OH,01Br. 
( 68 *). 8 .G.*|j 1-991. V.D. 4-48. Formed br 
the aotion m exoesi of bromine oa OBtOu 
(Henry, C. B. 101, 690). Oil; not deoomptM 
by light. 

Chloro-di-bromelMthane GHCSBr. OMora. 
bwm q lbm. (11^ at780mai.(£an.}.)MRNi1P 
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(J. a. N.)- 8.0. u 2'445. Y.D. V-37 (for 7-23). 
Ooonn in orudo bromine (Dyson, 0. J. 43, 38). 
Formed by boiling di-chloro-totra bromo-aeetono 
CClBr,.CO.CClBr, with baryta-water. Prepared 
also by the action of NaOH on ohloro-di-bromo- 
acetio aldehyde (Jacobsen a. Neumoister, B. 16, 
601). Colourless liquid, of sweetish odour (Dery 
a. Jedlibka, B. 20, 2319). < 

Sl.^loro-bromo-methane CHCl^r^- (02°). 
8.0.14 1*9254. Broniochloroform. Colourless 
Squid. Prepared by the action of NaOH on di- 
'ohloro-bromo-acctio aldehyde (Jacobsen a. Nou. 
meister, B. 15, 601). 

Trl-chlofo-bromo-metbaue CBrCl,. (104°), 
S.O. « 2 0560 (Thlrfe. C. J. 37, 203). C.E. 
{0°-10°) -001089; (0°-100°) *0012005. ^.V. 
108*43. 

Formation. —1. By heating CCl,.SOjBr with 
alcohol at 100° (Doew, Z. 1869, 624).—2. By 
bromination of chloroform (Faterno, 0. 1, 693; 
Friedel a. Silva, Bl. [2] 17,638).yt. By action 
of bromine on potassic tri-ohloi^ixetate at 120° 
(van’t Hoff, B. 10, 678). 

Properilea. —Liquid, smelling like carbon 
tetrachloride. 

OmOEO-BEOMO-METHAKE SBIPHOKIO 
ACID. Barium salt (CHClBr.SO,),Ba. From 
ehloro-solpho aoetate of barium and bromine 
(Andreasch, M. 7,170). Satiny plates. 

CHIOEO - BEOUO - UBTHYL ■ ETHYL - OLY- 
OXALINE OAClBrN, ie. C.ClBr(CH,)(C,H.)N,. 
Chloro • bromo ’ oxal ethyline. From chloro- 
methyl-ethyl glyoraline by treatment with Br in 
CS, followed by boiling water (Wallach, A. 214, 
290; B. 10, 1193). Oil with narcotic odour. 
SolidiOes with ^fficulty. 81. sol. water Not 
volatile. With Br it forms C,H,ClBrNjBrjHBr. 

Salts.—BTICI: prisms.—(B'HCl),PtCl,.— 
B'jAgNO,. 

CHLOBO-BBOUO-NAFHTEALEHE 
C,AClBr [1:4]. [116^. From (a).naphthyl- 
aniine p-sulphonio acid by conversion into 
bromo-naphthalene sulphonio acid, and treat¬ 
ment of the latter with PCI, (Cldve, Bl. [2] 20, 
540). 

Chloro-bromo-naphthalene 0,^,ClBr. [119°]. 
Formed, together with the following, by the ac¬ 
tion of Br (1 mol.) on (o)-ohloro-naphthaleno 
(1 mol.), or of Cl oS (a)-bramo-naphthaIene 
((Biareschi a. Biginelli, 0. 16,162; C. G. 1887, 
618). Xhin plates. Oxidised by CrO, to ohloro- 
phthalic acid [184°]. Possibly identical with 
the preceding. , 

Ohlore-bremo-napbthalena C„H,ClBr. [67°]. 
(803° uncor.). Prepared as above. Needles (by 
sublimation). CrO, in acetic acid gives chloro- 
bromo-naphtho Jbinone [167°] and chloro-bromo- 
phthalide. , 

Dl-oUoro-brcmo-naphthalene C,iiH,Cl,Br. 
r^]. From .di-ohl4ro-naphtholene [38°] aijd 
Br in the cold (Laurent). Slender needles. 

The following ohlaro-bromo-naph^aleneB de¬ 
scribed by Laurent {A. Ch. 49,218; 52,275) are 
insnOieiently oharaoterised: (l„,B,Ci,Br, (two), 
0,JH,Cl^r (three>,#nd C, (‘wo). 

« The following compounds ate probably mi*- 
tnres or molecular compounds: (a) C 2 ,H,Cl,Bc,. 
[76°]. From di-ohloro-n^hthalene [88°] and Br 
followed by aloobolio EOH (Faust a. Saame, 
A. 160, 69). Needles i^m etber-alcobol). 
(5) C*H,Cl,Br,. [78°]. From di-ohloro-napb- 


thalene [68°] by successive treatment with K 
and aloobolio EOH (F.-a. S.). 

OHLOBO-BBOUO-HAFHTHAIENE TBTEA 
BEOMIDE C„H,ClBr,. [110°]. Feom chloro 
naphtbalens and Br (Lajrent). »Criclinir 
columns. o 

CHI.0S0‘^- DI ■ BSOHO - NAFHTHALENlt 
TETEA-OHL(HlIDE C„H,ClBr,Cl,. [160°]. From 
di-bromo-naphthaleqis tetra-obloride and ohlo< 
rine. Triolinio columns, si. sol. ether. 

CHL0B0-p0H0-HAF,HTH0QRnN0NE 
0,.H,ClBr0,. [167°]. From ohloro-bromo-naph- 
thalene [67°] by CrO, in HOA«((}uareschi, 0. 0-. 
1887,618). , 

CHLOBO-BEOHO-NITEO-ANILINE • 
O.H,ClBrN.A t.«. C,H,ClBr(NO,)(NHJ 14:6:2:1], 
[106°]. From chloro-nitro-dtailme in HOlAq 
by bromine-vapour (Earner, J. 1876, 352; Q, 4, 
<805). Orange-yellow ipedles. 

CHLOBO-BEOaO-NITEO-BENZEHE 
C,H,ClBr(NO,) [1:3:6]. [82*6°]. From the pre¬ 
ceding by diaso- reaction (EOmer, 0. 4, 877). 
Lamina). ® 

Chloro-bromo-nitro-beasene 0,H,ClBr(N0J 
[1:4:2]. [69°]. From p.cbloro.bromo-benzene 
and HNO, (E.). 

Chlcrc-bromo-nitro-benzene 0,H,CIBr(N0J 
[1:3:4]. [49*5°]. From ohloro-nitro-aniline [123^ 
by displacing NH, by Br (E.). With alcoholic 
NH, at 160° it regenerates the ohloro-nitro- 
aniline. 

TEI-CHLOBO-DI-BBOKO^ITEO-ETHANE 
OCl,Br.CClBr(NO,). From CC1,:C01(NO,) and 
Br at 160°. Crystalline (Hoch, J. yr. [2] 6.95). 

CHLOEO-BEOHO-DI-NITBO-KETEANE 
CCtBr(NOJ,. Formed by passing chlorine into 
an aqueous solution of potassio-bromo-di- 
nitro-methano CEBr(NOs) (Losanitsch, B. 17, 
848). Oil. V. sol. alcohol, insol. water. By 
caustic alkalis the Br atom is displaced by a 
metallio atom. c • 

Chlore-di-bromo-nitre-metMae OClBr.,(NOJ. 
8.0. ra 9-421. Formefl by simultaneous potion 
of bromine and potash on CC1H,(N0.J (Tseber- 
niak, B. 8, 8l0). An oil, insol. potash, volatila 
with steam. ® 

CHLOEO-BEOMO-HITEO-PHEHOL 
C.H,ClBr(NO,)OH [4:2:6:!]. [126°]. From 

(4.6,l)-chlora-nitro-phenol [87°] and Br in WAo 
in the cold (Ling, Ct J. 61,787). Converted by 
Br and water at 100° into tetra-brmno-quinone. 
C,H,ClBrNO,E: dark red needles.—BaA', aj.— 
CaA, 2Jnq. 

Chlor4-bronio-nitro-phenolO,H,ClBr(NOJOH 
[2:1:6:1]. [120°]. Formed by boiling (4,8,1)- 
cBloro-nitro-phenol [87°] with Br and HOAc, an 
isomcrib obangeitaking pidbe (L.). Formed also 
by ohlorinatingl4,41).bromo-nitro-phenol [88°]. 
When heated with Br and water it givM ohloro- 
tti-bro!#o-q«S8bno.—0,H,ClBtN0^E: rra plates. 

“ ^a^E^-ilHLORO - eso-Dia BBOUO - sso - DI- 
HITEO-DI-PHEHYL-ETaANE * 
CCl,.OH(C,^r.NO,)r 

[170°]. From 0^.CH{0,H,Br),^a faming 
HNO, (Zeidler, B*7, 1180). Needles (from 

alcohol). 0 _ 

CHIOEO • BSOHO • SI - 0XH.(a)-HAFHTB0. 
QUnrONE DISYDEISE 0„H,CIfitO, is. 

yOO.C{OH), a 

C.H.C I . [106°]. IWm bromo-ozy* 
\0O.0ClBr 
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’a)-oaphihoqainoo 6 and 01 in HOAo. Needles. 
Oxidation gives a body [T41°] (Zinoke a. Gerland, 
B. 20,8216). 

DI. CHtOEO - BI. BHOMO - TETBA - OXY- 
JIPHSm AHClBr(OH)a.C,H01Br{OH),. 
M#“]. From di-onloro*tri*bron^resorom by 
lucoessire treatment with NaH^, and with 
io and HCl (Bene^t, 4,227^ 
OHIOBO.BROH0.1>I.OXT.QiriNONS 
),blBr(OH)jQ, [6:3:5:2:4:1] (Hantzsch Schni- 
er, B. 20, 2879). Prom m-dij^ohloro-w-di* 
iromo-qninone ^d aqueous KOH (Krause, B. 
2, 64) or tri'offloro bromo quinone (Levy, A, 
al0,168; M6,1444; S. 18,2370). Red leaflets 
(oonfaining aq); may be sublimed—KjA"2aq.— 

NaaA" 2 aq.— 

OHLOBO-Bl-EBOMO-OXT.YALERIC ACID 
CjH,ClBr,0,. [169®], Prepared by the addition 
of Br to emorO'Oxy'angSiio acid (Pinner a. Klein, 

B. 11,1497). Sol. ether, msol. oenzene. 

• CHLOBO.BI-BBOUa.PENTANE 0,H,ClBr,. 
From isoprene l^droohloride 0,H,H01 and Br 
(Bouoharaat, O.B. 89,1217). 

Di-ohlerO'di-bromo-pentane 
CH 3 .CHBr.OBrCl.CHCl.CH,. ( 0 .143®) at 31 mm. 
Prom di-ohloro-amylene CH,.CH:CC1.CHC1.CH, 
and bromine (Thurnlaokh, A. 223,161). 

Di • obloro. di • bromo - pentane OjE^Cl^Br,. 
(980°-240®). From di-obloro-amylone (146®) 
and Br (Pinner, A. 179,86). 

Dl.CHIOBO. BBOHO.PHBNOL 
0,H,Cl,Br(0H). ^^®]. (268®) (Garzino, C. C. 
1887,1646). From (4,2,l)-di-chloro-phenol and 
Br.. Tfi*chl(m)-hromo -phenol C 3 HCl 3 Br((^). 
Bromine oonverts tri-ohloro-phenol [67®] into 
OjHjCljBrO [99®]. This is perhaps CgHjCl,(OBr); 
it is converted, by heating under water, into 
an isomeride, which is probably OgHCl 3 Br(OH) 
(Benedikt. M. 4, 236). 

TM. CHLOBO - DI • BBOMO • DI - PHENYL- 
EIHaVe CCI,,CH(C5l,Br),. [Ul”]. From 
bromo.bonzene •(! pt.L chloral (2 pte.), and 
H 39 O 4 (Zeidler, B. 7, lloO). Silky needles. 

Di-ohlero-U-broino-di.pbeny)*^hylene 
CClj: 0 ( 04 B[,Br),. [12J®]. Formed%y the action 
of alooholio KOH upon the preceding body 
(Zeidler, H. 7,1180). Needles (from alcohol). 

0 - CHLOBO. a ■ BBOMO. 0 -PHEN YL-PBOFI- 
owe ACID OA.CHCl.CHBr.COjH. [182®]. From 
a-bromO'B-oxy.R-phenyl'^opionio acid and oono. 
HClAq at 100® (Glaser, A. 147, 92). Monoolinio 
tables (from obioroform). Boiling water forms 
HGl and bromo-oxy*pbenyl-propionio acid, to¬ 
gether with a little pnenyl-acetio aldehyde and 
w-bromo-Btyrene. p 

«t-Chloro • 0 • broqto - 0 • phenyl • propionic aeid 

C, H,.OHBr.OHCl.CO^. [183^. Fronfa-chloro- 

8 -ozy.jS.phenyl-propfon(p Aci^nd oono. HBrAq 
at 60° fa.), ^onoolinic tables ( ^om chloroform). 
Boiling wat 8 ^ giVbs w.chloro-styfnFe and a little 
ohloro-oxy-pt^vl-propionio acid, and phenyl- 
aoetio aldehyie. * 

a-Ohloro-aR-dl-bromo-jS^phenyLpropionioacid 
OgH 3 .CHBr.CBrCl.COaH. [186®]. j^ma-ohloro- 
^-phenyl-Aopionic acid and Br (Forrer, B. 16, 
966). Tablds Hrom watei|. 
OHLOB^OKO-FHTHALIDE 

C,H,01Br<^>0. [179®]. Formed by oxi- 

dation of chlftro-bromo-naphthaleno [67®] with 
CrO. (Gnareiohi, 19.1154). 

Vofc. II. 


CHLOBO - BBOMO • PICBIH v. Chloro-di- 

BROUO-NlTSO-MSTnANK. 

or-CHLOBO-o-BBOMO-PBOPANE CgHgClBr U 
OH,.CHBr.CH 2 Gl. Propylene chloro-bromde. 
(120®). Formed in small quantity, together with 
CHaBr.CH 3 .CH^Cl by treating ally! chloride with 
fuming HBr (Beboul, A. Ch. [ 6 ] 14, 487). Con¬ 
verted 1^ alcoholic KOH into HCl and bromo- 
propyleae. ^ 

o-Chloro-w-bromo-propane CH,.CHG^uH-Br. 
(120®). S.G. 2 1-685. V.D. 6-62 (calc. 5-46). 
From propylene bromide by boiling with HgCl^ 
(Friedel a. Silva, Bl. [2] 17, 632). Alooholio 
KOH converts it into ohloro-propylwiG (25®-30®). 

Chloro -bromo-propW JjjHgClBr. (119®). 
Frqm ClBr and C,H, (Maxwell Simpson, Pr. 27, 
119). Probably a mixture of the two preceding 
bodies. 

(tf-Chloro-B-brSmo-propane CH: 6 r.CH;.CH,Gl. 
Tri-methylenechloro-bromidc. (142®). S.G.21'63. 
From tri-n^tbylene bromide and HgCl,. It is 
alsathe chief ^oduct of the union of with 
allyi chloride (Beboul). Boiling alcoholic KOH 
gives ethyl-allyl oxide. f 

o-Chloro - a • bromo - propane CH,.CClBr.CHv 
Acetone chloro-bromide. ( 0 . 95®). S.G. 1-474. 
From o-chloro-propylene CH,.CCl:CHj and cold 
cone. HBrAq (Beboul, A. Ch. [ 6 ] 14,482). Alco¬ 
holic KOH gives a-ohloro-propylene and allylene. 

ft»-Chloro-«-bromo-propane CH,.CH.,.CHClBr. 
(111®). S.G. 82 1-69. From w-chloro-propylone 
CH,.CH:CHCl and HBr (R.). Alcoholic KOH 
gives CH 3 . 0 H: 0 HC 1 . 

Chloro-di-bromo-propane C,HjClBrj. (198®). 
From allyl bromide and ClBr. They unite slowly 
in the cold (Maxwell Simpson, Pr. 27,119). 

wObloro-wa-di-bromo-propane 
CH,.CHBr.CHClBr (177® cor.). From 
CH 3 .CH:CHC 1 and Br (Beboul, Bl. [2] 26, 278). 

o-Chloro-wa-di-bromo-propane 
CH,.CClBr.CH,Br. (170°). S.G. 2 3-064 (Friedel, 

A. 112,237). From CH 3 .CCl:CHjand Br (P. a. 8 .; 

B. ). With alcoholic KOH it gives CiHgClBr 
and ethyl-propargyl oxide CHsO.CH,O.Et (Oppen* 
heim, A. Sitppl. 6 , 372). 

wChloro-a^-di-bromo-propane 
CHjBr.OHBr.CHjCl. (195®) (0.); (203®) (B.). 
S.G. 2 2-085 (B.)* From allyl ohlonde and Br 
• 0 

(0.). Also from epiohlorhydrin A 

0 ^.CH.CH 2 Ci 

ttnd PBr, or PCljBrj (Bebonl, A. Suppl. 1,330; 
Darrastadter, A. 162, ^20). Solid KOH gives 
CH,:CBr.OH,Cl. Alooholio KOH gives rise to 
CH-O.CHyOEi 

a.Chloro-wB*fli*broiiio-propa&e 
CHtBuCHClCH^Br. (200®). From glycerin 
dibromhydrin and PGI 3 (Bertbelot a. de Luca, J. 
►jw-.72.8n). ' 

Chloro-tri-bromo-propane C,Hg01Br,. (288®). 
S.G. 14^‘39. From chloro-bromo-propylene 
(from glyoide) and Br (Beboul, A. Suppl. 1,331). 

Di-chloro-bromo-propwe CjHgCLBr. (180®- 
' 187®). Frgm allyl bromme and ClBr at 100® 
(M. Simpson, Pr. 27,119). ^ 

» 3 -Di-e]lUoro*a-bromo-propa&e 
CH,01.CHBr.0H,01. (176®). From i-dichlorhy- 
diin and PBr, (Besthelot a. de Luna, J.pr. 17, 
817). 
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iMi.Ili4li]ora.$.|)n)ma-prapase 
CH,01.0H01.CH^t.FroinCHjCl.CH(OH).0H^r 
and PBrj. 

Di^hloro-teomo-pmpane CjH,01jBr. (1S6“- 
160°). From bromo-propylone and chlorine 
(Liniiemann, A. 138,123). 

wii-Di-ohloro-aS.di-bTonio-propane 
CHjOl.CCIBr.OHiBr. (203°). S.G.22-161 From 
CHjOl^ChCHi and Br (Friedel a. Silva, 0*B. 74, 
808; rlS^l: Bl. [2] 17, 386). 

u0.lii.eliioro.ai3-di-bronio-propane 
QHiCl.CHBr.CHClBr. (221°) (F. a. S.); (212°) 
(Bartenetein, J.pr. [2] 7, 313). S.G. 2 2'19 (F. 
a. S.); 1L» 2 083 (H.). From CH,CI1.CH;CHC1 
andBr(B.; F. a. apE.).' 

<ini.Di.ohloro.<iia.dl-bromo-propatte 
CH,.CClBr.CHClBr. (189°). From allylene'Si. 
ohloride and Br (F. a. S.; Pinner, A. 179, 44). 
Alooholio KOH gives C,H,CljBi*(143°). 

Bi .chloro - tri - brorao - propane C,H,Cl;Br,. 
[207°]. From di-ohloro-bromo-propriene (143°) 
and Br (P.). Alooholio KOH re-eon^rts it into 
0,H,Cl^r. ^ 

8-CHLOItO.a.BEOMO.PBOPIONIC ACID 
CHjCLOHBrXO^. [37°]. (c. 213°). Formed 
by the action of HNO, on theeproduct of the 
union of BrOH with allyl chloride (Henry, B. 7, 
767). 

a-Chloro-O-bromo-propionic acid 
CHjBr.CHOl.COjH. [37°]. (c. 213°). Formed 
similarly by oxidising the product of the union 
of ClOH with allyl bromide (H.). 

Chloro-tri.bromo.propionio acid 
OjHClBr,.COjH. [103°]. From chloro-bromo- 
acrylic acid [70°] and Br (1 mol.) by heating for 
2 hours at 100°; the yield is 70 p.c. (Mabe^y a. 
Weber, Am. 4,104; 6, 256; P. Am. ri. 17,106). 
Triolinio prisms (from CS,); v. sol. alcohol and 
ether. Boiling bai^-water forms CjHClBr,; 
cold baryta-water gives chloro-di-bromo-acrylic 
acid.—KA'aq.—CaA',.—BaA',: S. 23 at 20°. 

Di<hloro.41-broino-propionio acid 
CjHC4Br2.CO^. [96°]. Prepared by the com¬ 
bination of di-ohloro-acrylio acid [88°] by heat¬ 
ing with bromine at 100° for several hours (Hill 
a.Maber^P.A»t. A. 17,140; Am. 4,267; S. 14, 
1679). Triclinio prisms, o:3:c->1 023:l;1052; 
0 = 91 °; 8-76° 31'; 7 = 108° 62'. V.sol.water, 
alcohol, and ether, m. sc£. CS, or bensene. 

Splits.—A'Agp fiat needles.— A',Ba: long 
easily soluble needles. 

eO-Bi-chloro-OO-di-bromo-propionio acid 
0CIBr,.CH01.0O^. [100°]. Prepared by passing 
chlorine into di-bromo-acrylio acid at 100°; the‘ 
yield is 96 p-o. (Mabery a.^icholson. Am. 6,166; 
ef. Am. 4, 270; P. Am. A. 17,140; B. 14,1680). 
Monoolinio prismsi v. e. sol. ether and alcohol, 
sol. hot CBCl, and GS^ si. sol. water. 

Salts.—CaA',ljaq.—KA'2aa. " 

Tri-chloro-bronio-pr^ionic acid 
0,HGl,Br.C0,H. [84°]. Prepared by passing 
cUorine into a cold chloroform solption of 
ohloro-bromo-aorylio acid in sunlight. The 
yield is 90 p.o. (Mabery, Am. 9„1). Trimetrio 
prisms; si. sol. vnteu sol. ether, alcohol, and 
CHCjr Its salts arr onstablo.—EA' 2aq: tri¬ 
metrio plates,—CaA',: oblique prisms.—BaA',: 
gammy. 

letra-chlcra-bTCmo-propionic acid 
CIBrO^.O04.CO,B. [226°]. Brepared by passing 
ghlotine into a solntion «( bromo-ptopiedio acid 


a 

in chlorotorm, till the product orystalUses out 
(Mabery, Am. 6,165). 81. sol. CS, and chloro¬ 
form. Its salts are unstable. 

a-CHLOBO-O-BHOHO-PBOPTI AlCOHOL 
C,n.CIBrOi.e.CHJBr.OHCl.CB,OH. (lOlP). S.G. 
2 1'764. From allyl bromide and HOCl (HeuAy, 
B. 7, 409, 768^. (Oxidation gives chloro-bromo- 
propionio acid snproj). • 

O-Cbloro-a-bromo-i^opyl alcohol 
CH,Cl.CHBr.CH,OH. (197°). S.G. U 1-769. 
From ally! chloride and HflBr (H^. Oxidised 
by HNO, to cnloro-bromo.propionio acid [37°], 
(216 ). *^0 " 

Nitrate CH,(NO,).OHBr.OH,OH. From 
the alcohol, HNO, and H,SO,. Oil. 

a,-chloro-a,.bromo-i8opropyl alcohol 
CH3Br.CH(OH).CH,Cl. Ghl&ro ^)yromhydrin. 
(19'7°). S.G. ^4 1-740. From epichlorhydrin and 
HBr, or from epibromhyiriu and HCl (Ueboul, 
A. Suppl. 1, 226). Cone. KOH splits it up into 
HBr and epichlorhydrin. Oxidation gives ohloror- 
bromo-acetone [35°] (Theegarten, B. 6, 1212). 
Also from epiclilorhydrin and 'Br at 100° (Gri- 
maux a. Adam, Bl. [2] 33, 257). 

Bfliyf ether C,H,CIBr.OEt. (187°). From 


epichlorhydrin CH,.CH.CH.,C1 and EtBr at 200° 
(Beboul a. Iiourenco, A. 119, 238). 

CHLOEO-BEOMO-PKOPTL-BENZENE ‘ o. 
Cni-oRo-naoMO-cuMEKE. 

CHL0E0-BE0M0.PE0PW.IIfE C,H,ClBr t.e. 
Cn,:CCl.CH,Br. (121°). From a-chloro-allyl 
alcohol and PBr, (Henry, C. B. 96, 849). 

Ohloro-bromo-propylene CHBr:CH.CH,Cl. 
(120°). S.G. — 1-63. From B-bromo-allyl afeo- 
hoi and PCI, (Henry, B. 6, 453). 

Chloro - bromo - propylene CH,:CBr.CH,Cl. 
(127°) (E.); (120°) (H.). S.G. u 1-69 (B.). From 
CH.,Br.CHBr.CH.,Cl and solid KOH (Beboul, A. 
Suppl. 1, 230; Oppenhefm, A. SmtoI. 6,'374). 
From fl-bromo-allyl alcohol and yci, (H.). 

Chloro-bromo-propyldne OH,.CCl:CHBr A?) 
(106°). From GH,.CClBr.CH,Br and alcoholic 
KOH (Friedel,“A. 112, 237). • 

Dl-chloro-bromo-propyltuo CH,.CCl;CClBr(?) 
(143°). From allylene di-chloro-di-bromide and 
alcoholic KOH (Pinner, A. 179, 46). Br gives 
C,H,Cl,Br, [207°]. 6 

CHLOEO-BBOHO-OSHHONE C,H,01BrO, 
[172']. Formed by oxidation of chloro-bromo- 
hydroquinone (Schulz, B. 16, 666). 

m-Dl-chloro-m-di-bromo-quinone 0 , 013 r, 0 , 
[6;2:6;3:4;1T. [233°]. 

Eormation.—!. Formed by the action of Br 
on dr-ohloro-phenylene di-imide (from bleaohing- 
powder atfdp-phewleno-dianSine hydrochloride) 
(Krause, B. 12,68'—*. By bromination of m-di- 
chloro-qninoneGI^Cl,(3,[6;2:4:1] (levy,^. 16, 
il447).—8.*ByHMRninationofp-di-ohbro-quinone 
C,H,C1,0, [6;3:4;1] (Levy, B. 18, 2367); in this 
case one of the (3l atoms muift 4tdergo trans¬ 
position from the p to the m-position,—4. From 
hydroquinone, oono. HCl and Br (Benediht, SI. 
.1,347). • 0 

' Propertia. —Monoq)Inicgolden-brown tables; 

o:5:c- l-446:l:8-0286 ; 8 - 74° 81®(l.). 81. s<d. 
ether and alcohol; insol. water. • 

Reactims.—U is very readily reduced by. 
hydroiylamine hydrochloride to tks correspond¬ 
ing hytoquinone [234°], whose acetyl dsrivatltt 




C3HL0R0.BtrrANE. 


BOlti at [370°] (Hanizsoh a. Soliftter, B. 20. 
1279). By boiling with aqueons alkalis it is 
sonvorted into a ehloio-bromo-di-oxT-quinone 

C.01Br(0H),0.. 

Tri-^loro-bromo-quinons CjOIiBrO^. From 
tri^hloro-quinonl and Br at 130“ (Stonhouse, 
A. Suppl. 6, 2l9). Also Irom tri.«hloroJ>romo- 
hydroqiiinone andicono. HNO, a. Mhnitz, 
A. 210, 162). Golden ^onochnio pyramids; 
fljb;c = 1*48:1;2'96; 0 = 7^ 41'. Sub^mes at 
I60“. Oilut# KOH gives chloro-bromo-di-oxy 
qninone. • 

CHLOBO-DI-SBOUO-BE80BCIN 


0,HBr3Cl(0^)s. [106“J. Got by adding excess 
ot bvomine water to a solution of ohloro-resorcin 
at 80°. Crystallises from water in silky needles 
(G. Beinbai^ Jlfir. [2] 17, 32S). 

Chloro-Si-bromo-resoroin C,HBr,Cl(OH),. 
[86”). From 0,HBr.Cl(pCl)(OBr) and NallSO' 
(Benedikt, M. 4, 227). 

, Di-chloro.bromo.rosorcin 0,diBrClj(OH)y 
{100“]. From Br and di ohloro-resorcin. Silky 
needles (from water) (B.). 

Di-chloro-tri-biomo-resoroin C,HC13r,0., i.e. 
09 HBr 201 (OCl)(OBr)(?) Formed by adding Br 
(216 g.) dissolved in cone. HClAq (1,000 c.c.) to 
a solution of resorcin (60 g.) in water (2,000 c. c.) 
(B.). Yellow crystals. At 176“ it gives crystal¬ 
line C|,HjCl,Br.;0, which is reduced by tin and 
HCI to di.chloro-di-bromo-tctra-oxy dipbenyl. 

Tri-chloro-dl-bromo-resorcin O^Cl,(OBr)-. 
[100“]. Propareibf adding Br to tri-ohloro-re- 
sorcin suspended in dilute HCI (B.). Small 
golden crystals. Gives off Br (1 mol.) on heat¬ 
ing: Reduced by tin and HCI to tri-ohSro- 
resorcin. 

HEICA-BROMO-IRI-OHIOEO-DI-THIENYL. 
pHANE CCl,.CH(C,Br,S),. [178»]. Formed 
by bromination of di-thienyl-tri-chloro-ethane 
(Peter, B. 17,1343). White crystalline powder. 
V. aok ether and ohl«roform, si. sol. alcohol. 
Does not give the indophenine reaction. 

fHL0R0-BBt>M:0-TK'¥M0ftDIN0NE 
C,JlePiClBrO, 11:4:6:2:3:6]. <78“]. Formed 

by bromisiation of m-chloro-lhymoquinoue 
plates (Schniter, 

B. 20,1319). 

Chloro-bromo-thymoqninone C.MePrClBrO, 
[14:2:6:3:6]. p-Chloro-benzyl bromide. [87“]. 
romation. —1. By oxidatk>n of the corresponding 
hydroquiMne with Fe.Cl.—2. By bromination ot 
0;Otiloro-thymo-quinoneC,HMePrC10,[l:4:2:8:6]. 

Golden-yellow plates (Sohniter, B. 20,1318). 

P;CHI,OEO-«-BBOMO-IOHJEHE * C,H,ClBr 
t.e. C,H,Cl.CH^r. [48-6“] (226“-230“). &om 
? (JMkeon a. FieldJ^m. 

1.102). White noe(llos(fromUcohol):*sromatio 
odour; volaGle in the a^. • 

“■®lon%-bromo.tolueneC^,Br.CH,Cl. b- 
oromo-benM chioride. Obtained; maed with 
“ eqmydent ijpantity of C.H^r.CH^r, by 
K chloride (Err*a, 0. 17,193). 

naUBt converts it into C,H,Br.C^.OEt (248“). 

snn?wT'*‘0,H,OtBr. (280“- 
™ ) (Jaofspn a. Field, B. 11,906)^ ' 

S'romthehydroqtilnone 
oxidation. Thick needles. V. soL 

wstm.’chloroform; toaroely sol. 
»ater (Schnit&, B. 20. 2287). 


n 

n “•‘’"•■’"“o-tolaquinone C,HMoClBrO.. 

[160 ]. From the hydroqainone, [121“], by oxi- 
dation. Glistening yellow plates (from alcohol) 
(Sohniter, B. 20, 2287). ' 

Ip ■ CHWBO - DI - BBOMO - Dl. lOLYI,. 

[148“]. From tri-ohloro- 
di-to yl-ethano and Br in CS, (0. Fischer, B. 7, 

DI.m0S0.BR0M0.VINYI.BEIfZ0IC ACID 
C^H^C^BrO, i.e. CClBr:CCI.C,H,.C30jH>n74'>]. 
From 0(,H4<^^^lg^^CClBrand alcoholic NaOH 

dUuted with water (Zincke a. Frdhlioh, B. 
20oo). Needles. 

Methyl ether Med,'. .[82“].* 
CHIOBO-BITTANE v. BSTvn cHLoanm. 
«"e-Di.chIoro-butaneCH,.CClj.CH,.CH,. (96“). 
From methyl ethyl ketone and PCI, (Briiylants, 
B"®® CH:C.OH,.CHr Al- 
«'®®® CH,.CiC.CH. (Favorsky, Bl. 

[Jj 4o, 247). 

ww-Di-AJore-isobutane (CH,),CH.CHCI,. 
Isohulylidene Shloride. (104®). S.6. ^ 1-OH. 
wl?' “ 1) • I'rom isobutyric aldehyde and 

PCI, (Oeconomides, C. It. 92, 884). f queous NH, 
at 180“ gives ohloro-isobutylene (67°). 

Di-chloro-isobutane C,H,CI,. (107“). From 
5,™ .°^'®®'’“‘l'®“® CHj:CMe.CH,Cl and cone. 
HCI (Chdehoukoff, Bl. [2) 43,112). 

Di-chloro-butane C,H,C1,. (128“) (P.); (128“) 
(Faraday). S.G. M 1-112. V.D. 4-43. Formed by 
umop of Cl with the mixture of butylenes (q. o.) 
obtained by treating isobutyl alcohol (25 pts.) 

HjSO, (25 pts.), CoSO, (40 pts.), and k;S 0 
(10 pts.) (Puchot, A. Cb. [5] 28,608; c/. Faraday, 
2^-1826, 440; Kolbe, A. 69, 269; 64, 839). 

m-ohloro-butane C,H,C1,. (106”). From tert- 
bntyl ohlorido and Cl in daylight (D’Ottroppe de 
Bonvette, Belg. Acad. Bull. [3] 4, 369). 

Tetra-chloro-butaae C,H,C1, i.e. 
CH,.CC1,.CHC1.CH,CI. (85“) at 10 mm. From 
I m-obloro-butyl alcohol by gradual addition of 
I PCI, (GarzaroUi-Thurnlaokh, A. 213, 372). Oil. 
Tetra-cbloro-butane 

CHjCi.CHCl.CHCl.CHjCl. Butinene telra.chlo~ 
ride. [78“]. From butiuone and Cl. Also from 
erytbrito and PCI, (Henninger, Dl [jf 84,195). 
Prisms. 

letra-chloro-iso-bntane CCl,.CMe,CI. IW- 
Moro-tri-methyUarUnyl chloride or chioo- 
leobutyro-tri-chloride. (167“). Strong odour. 
Formed, together with hexa-ohloro di-terf-bntyl 
^xide (CCl,.CMe,),0, by the action of PCI, upon 
acetone-chloroform (Willgorodt a. Dttir, B. 20 
6391. • 


Hsxa-ohloro-butane C,H,a_ (148“) at 
60 mm. S.G. 14 i-oy. A liqOid formed by the 
^tion^ chlorine on isobutyl iodide (Pmnier, 

I Hexa.ohloro.hatano *0,11,0, Formed by 
the action of chlorine on G,H,C1, (from isobntyl 
aloohol)»in snnlight (Puchot, O.B. 86, 767). 
Oil. Converted by KOH into 0,H,cL 0,01,, 
and 0,01,. • 

I Eeza-ohloro-butane •H,C1, («. 116“) tit 
uusvo. From ferf-butyl ohlorido and ohlorine 
in sunlight (d'O. de B.). 

Eepta-oklon-bnUns C,B,0, £86“]. (128“- 
186“) fit cocao. From ferf-bntyl ehloiioe ud 
O in lonlight (du de B.). 

at 
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Hipta-oUoro-butane C^HjOl,. [42®]. (185®- 
145®) in vacuo. Formed at the same time as 
the preceding. 

CHIOSO . B17TAKE TETBA - CABB0X7LIC 
ACID C01(C0^,.C(C^»)(C0.^)j. EthyUchloro- 
autyl6n6’U(/ra-car}Mxylic acid. 

T6tra^ith^l•ether A'*Et|. S.G. ^ l OTC. 
Formed by chlorination of butane-totra-car* 
boxylftnether. Oil (Bischoff a. Bach,®B. 17» 
2786). 

. CBXOEO-BDTENYL ALCOHOL C<H,C10. 
Chloro-crotyl alcohol. (158 3° i.V.) at 742*6 mm. 
8.0. m l*iai2. V.D. 8-60 (for 8 * 68 ). From 
tri-ohloro-bniyl aloohoi'. by zino-dnst and HCl 
(Garzu^Ui-ThumlaSkh, A. 213, 375). Crystal¬ 
lises in a freezing mixture. Smells like allyl clm- 
ponnds. M. sol. water, but separated by KXO, 
or NaCl. Forms with Br in OHCl, chloro-di- 
bromo-butyl alcohol, which is very unstable. 
If it be oxidised by HNO, it forms chloro-di-- 
bromo-butyrio acid (not isola^edlt which is 
reduced by zinc-dust and HGl to^loro-crol^jnic 
Boid [97®J. t 

Acetate (168®-169®) at 741mm. V.D. 
6*23 (for 6*14). Colourless fruity liquid, heavier 
than water. V. si. sol. water. 

CHLORO-BUnNENE C,H,C1. (65®). From 
di-chloro'butylene CH^.CHiCH.CHClj and alco¬ 
holic ROH (kckul4, A. 162, 90). 

Hexa-chloro-butinene C,C1„. [39®]. (284®). 
From 4 -hexyl-iodido and ICl, at 100®-240® 
(Kraffi, B. 10, 803). Thin prisms (fiom 
alcohol). 

TBI.CHLORO-BUXTL ACETATE 
C,H.Cl,OAo. (ai7 S°) K« 733 mm. S93. ” 
1*344. From tri-chloro-butyl alcohol and AcCl 
at 110® (Garzarom-Thurnlackh, A. 218, 373). I 

a-CHLOEO-ISOBUTTL ALCOHOL C,H,C10 
M. (CH,),GC1.0H,0H Buiylcne‘glycol chlorhy. 
drin (137®). From isobutylene and HCIO (But- 
lerow, A. 144, 25). 81. sol. water. Reduced by 
sodium-amalgam to isobutyl alcohol. Oxidised 
by HNO« to chloro-isobutyric acid (Henry, B. 0, 
1084). , 

Chloro-sec-butyl alcohol. Ethyl ether 
CH,.CH 2 .CH{OEt).CH,Cl. (141®). S.G. 2 *9736. 
From di-chloro-di-ethyrozide and ZnEt, (Lieben, 
A.f28,133). 

Dl.chloro.fcrt-butyl alcohol C.H.CljO. (148-5® 

1. 'iy. S.G. 2 1*0335. From (CH,)jC:CHCl and 

UClO (Ooconomides, 0. B. 92, 1285). < 

iM-ehloro-butyl alcohol 
CH,.CC1^CHC1.CH,.0H [62®]. (120®) at 45 mm. 
From tzi-cbioro-butyrio aldehyde (butyl chloral) 
and ZnEtf, ZnFr„ or Zn(CH^’r)„ followed 
by water, thus: C,H 4 Cl,CHO + Zsi(C;^HJ 3 
" CjH.Oli.OHjOZnCsHi 4 G 3 H 4 (Garzarolfi- 
Thumlaokh, A. 213, SCO; 223,166). Also fronr 
urochloralio acid and HCl (Mering, JET. 4, 98). 
Trisms (from etherl. V. soL alcohol oc ether, sL 
sol. hot water. Sol warm cone. HjSO^, but de¬ 
composed by boating the solution. 

Beactione.^X. 1 ^ has hardly any action^ 

2 . Fuming HBr at 110® has no action.—3. PCI, 
gives tetra-ehloro'butane.—4. Fuming HNO, 
gives tri-chloro-butyrio acid.—5. Zme-dust and 
HCl reduce it to cbloro-butenyl alcohol (g.v.). 

Tri-ehloro-ferf-biitjl-fleehol 9 . Acbtoxb- 

moaomM. 


CHL0EO.180.BDTYL.180-A]tTL-OLT0XAXN 

XBE (?) (LjHjiClNy. Chl^o-axalarnyUM. (267®- 
270®). Prepared from di-isoamyl-oxamide in 
the same way as chloro-oxalethyliife from di- 
othyl-oxamide (Wallaob a. Soleulze, H.tiS, 516: 

A. 214,816).. • , 

S a R g.~ (B'HCl>,PtCl4.~BTICl. 
‘y-CHLORO?n.BDTFL-BEirZENE C.^H.^Cl 

U. C,HyCHCl.C,H,. tFrom C,H*.CH(0H).C,9, 
and HOI (Engler a. Betbgo, B. 7,1128). Liquid. 

CHLOEO-I?O.BUmE3rE(CH,r,C:CHCl. Jio- 
hutcnyl chloride. Isocrotyl cldoride. (0. 65®). 
S.G. A2 .079. V.D. 89*7. From isobutylidene 
chloride (CH,).,CH.CHCl3 and alcohblic ROH or 
NHj. Formed together with (CH,),GH.CdCl3, 
by treating isobutyrio aldebyda^witii PCL (Oeoo- 
nomides, <7. B. 92, 884,1235 5 Bl. [2] 85, 498). 
Formed also by the action of oblorine on iso¬ 
butylene, especially belo% 0® (Scheschukoff, 7. B. 
16, 493; Bl. [2] 41, BSS; 48, 127). Converted 
by water at 90® into isobutyrio aldehyde. ' 
Chloro-isobutyleue CH3.C(CH3CI):CH,. Bute- 
nyl chloride, (c. 73®). S.G. 2 Formed, 

: together with the preceding, by chlorinating iso- 
j butylene, especially above 0® (S.). Heated with 
aqueous E^CO, it forms isobutenyl alcohol (113®). 
HCl forms C^HgCla (107®), whence E.CO, gives 
C4HJOH), (178®). 

Di. chloro - n - butylene CH,.CH:CH.CHC1,. 
(126®). S.G. 22 1-131. From crotonic aldehyde 
and PClj (Rekul4, A. 162, Q8k Alcoholic ROH 
gives 0,H,C1 (66®) and C^H^Ol.OEt (134®). Br 
gives G4H„Cl2Br, whence aqueous R.CO, gives 
(0. 118®). 

Xotra - chloro - butylene C^H^Cl,. (200®). 
From tri-ohloro-butyrio aldehyde and PC1| 
(Judson, B. 3,790). 

Fenta-chlorO'butylene C^H.Cl,. (187®) at 
460 mm. From ferf-butyl alcohol and chlorine 
(Lieben, B. 8,1017). ^ ^ 

TEI-CHLOE-BUTYLIDENE-IUIDE 
CH,.CHC1.CC1,.CH:NH. [104®-166®]. (P.a.K.); 
[170®] (S.). Prepared by the action of anihio* 
nium acetate on tri-chloro-butyrio ^rtho-alde- 
byde (hydrate of butyroch^oral) (Pinner a. Elein, 

B. 11,1491). Also by heating tri-chloro-butyrio 

aldehyde-ammonia with benzoic aldehyde (B. 
Schifl, G. 9,438). Sol. alcohol, ether, hot water 
and hot benzene. « * 

a - CHLOEO - ISOBBTYL • XALOHIO ACID 
C4H,.CC1:(C0,H)3. Di-ethyl-ether Af'Eir 
(246®). S.G. Ai 1091. Prepared by the action 
of chlorine on isobutyl-malonio ether. Liquid. 
On saponiheation with ROH it gives iso-butyl* 
oxf«mslonio acid (Conrad a. Bischoff, B. 18,600; 
X 209, 937). • 

E£XA-CHL0E0.d)I.T£BT.BnnL OXIDE 
C^HijClgO t.e. ^Cl,.0^62)30. * A4ftonf^chloro* 
form ether.' fl56®). Formed, Ipgether with 
GCl,.CMe20H, and its oily isomeride, by the 
action of PGHt upon aoetone-^h^roform (Will- 
gerodt a. Durr, B. 20, 539). Liquid. Volatile 
with steam. Very pungent. 

(fCHLOttO-n-BVIYBIC AdS (p[,C10, A«. 
CH,.CH.CECl.CO^ From ^'emoridc and 
water. Thick liqoid, T. >ol. horwatar. 

Chloride CHrCH,.CB01.0DCl. («. 181°). 
S.G. H 1’257. Formed by chlorinating bninjl 
chloride in preeence of lodineWMatkoimikoS, 
4 . m,Ulie/.Z.l9H,«»l). 



OnLORO-BtJTVllIO ALDEHYDE. SS 
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$thtt EtAl ( 0 . 158"). S.a.!i-‘ 

^ acid 

CH,. 0 HC 1 . 0 Hr 0 qiH, 

Vortnation.~i: By eaponiflcattoa of allyl 
cyanide by HCa (Pinner, B. 12, »5G).-j^. By 
oxidation of the oorresponding aldehyde (Karet* 
nikoff, /. -B. n, 2621.-^. By treating the 
bvdrochlorido of 0 *ohloro*butyrio iraido-ether 
CH,.CHCl.CI%.C(Nmj[OEt) with water (Pinner, | 
B, 17,200a). • I 

Bcacfions.-Boiling baryta*water forms HCl j 
and crotoni&aoid. j 

mhvl ether EtA'. (o. 170"). 8.0. « | 

1-072 (Ba.); V 1<^517 (Br.). fifl 1*430. Bco 
59-1. Obtaiifed <by chlorinating butyric acid 
(Balbiano, B. 10, 1749; 11, 348; 0. 10. 137). 
Probably tho same confound is got by satu* 
rating an alcoholic solution of crotonio acid 
vttth HCl (Brtthl, A. 203,* 23). Converted by 
into crotonio acid and B-oxjj-butyric acid. 
Heated with alctholio NHj it gives B-omido- 
butyramide. 

7 -Cbloro*butyrio acid OHjCl.CH,.CH«.CO..H. 
[10®]. S.G. 12 1*260. From the nitrile by IICI 
(Henry, 0. R. 101,1168). Viscous liquid or thin 
laminto, si. sol. water. At 190® it splits up into 
HCl and the lactone of 7 -oxy-butyric acid. 

Methyl ether hleM. (174®). 3.0.121*391. 
From the nitrile, MeOH, and HCl. 

Ethyl ethermfK'. (184"). S.G. ^2 1*122. 
Chloride CH,C1.CH..CH,.C0C1. (174®). 

S.G.ig 1*208. . 

AmtdeCH..Cl.CH.,CH.,.CONH.,. [90^]. * 
Niirtle CH«C1.CH,.CH...CN. '(190®). S.G. 
1*102. From CH,Cl.CH..CHBr and KCy. 
a-Chloro-isobutyrio acid (CHj),.CCi.CO,H. 
From (CH,),CCI.CH 50 H by oxidation with UNO, 
(Henry, Bl. [2] 26, 24). Formed also by clilori- 
nating^Bobutyric acid (Balbiano, B. 11 , 1693). 

Ethyl ethe%BtM. (149® cor.). S.G. 2 1-062. 
Couferted by alkalis into oxy-isobutyric, metha- 
orylic, and * di-batyllactio ’ (CgH^O,! acids(Tesla, 
Q. 10. 877^ ^ 

a^Bi-ehloro-btttyne acid 
CH,.CHC1.0HCI.CO^ [63®]. Formed by com- 
bining solid crotonio acid with chlorine, in CS, 
sohftion. Large glistenu^p’ colourless prisms. 
By aqueous KaOH at the ordinary temperature 
it is converted into alto-a-cbloro-crotonic acid 
[ 66 ®]. If ihe solution is heated during tho re¬ 
action some ordinary a-oh!oro-crotomc acid is 
formed simultaneously. On heating tne neutral 
alkaline salts in aqueous solution af/o-a-chkro- 
propylene is formw (Wislioenus, B. 20, 1008; 
Michael a. Brown, Am. 9,281 [2] 36,174; 

cf. Friedrich, 4.219, 8714. * 

SaBs.-^A'.—BaA',: gummy. , 

^ethyl^ethfr MeA'. (84®) at 28mm.; 
(177®). 8 .G. y-2809 (Zoisel, M. 7, 868 ). 

RthylttJfirBtk'. (96®) at 96 mm. Con¬ 
certed by alcohoUo KOH into a-ohloro-orotonic 
acid [98®]. . 

Chlor^e OH,.OHaOH01.COa (164®). 
Prom orotonfo gl^yde aiM chlorine (Z.). 

AUo-a^-di-^loro-bntyrio acid 
CH,.CHCl.CHCI.COjH. Liquid. Formed, to- 
8 ®^«r with some solid ajS-di-ehloro-butyrio acid 
lo 8 ^, by oombmatiqn of liquid iso-orotonio acid 
Cl By exoett of cold aqueous NaOH it is 


converted into ordinary a-chloro-crotonio acid 
[09®]. On boating the neutral aqueous solution 
of the alkaline salts, ordinary a-chloro-propyleno 
(36®) is formed (Wislicenus, B. 20,1009). 

A di-ohloro-butyrio acid is formed by chlori¬ 
nating »-butyrie acid in sunlight (Pelouze a. 
Golis, A. Ch. [3] 10,434; Naumann, A. 119,120). 

aa-Di^ohloro-butyrio acid. Anilide. 
CII,.CH*CClj.O.NHPh. [200®]. Prom^iline 
ctbyl-malonate and PCI, (Schramm, B. 21, 289). 
Distillation with aqueous Na.,CO, converts it into 
NPh:CH.O.CClEt.CO NHPh which yields phenyl-* 
carbamine when boiled with cone. KOHAq. 

0 ‘Toluidd CH,.CH.CQ4.0Nfl0,H,. Pre¬ 
pared in a similar way. Is cen verted by miueous 
Na..«0, into NC,H,:CH.O.CClEtCO.NHCrH,. 

, [107®]. 

I Tri-ehloro-butyrio acid CIIj.CHCl.CClj'COjH. 
[GO®] (K.); [58"] (G.). (237®). 8. 4. Formed 
by oxidising tri-chloro-butyric aldehyde (Kramer 
a. Pinner, 8^ 380; Judson, B. 3, 786; Kabl- 
bau«t, B. l‘i, 1^337). From the alcohol and 
fuming (GarzarolU-Thurnlaekh, A. 213, 

374; 182,185). The silver salt whe#boiled with 
' water gives di-cliloro-propylene (78®).—AgA'.— 

: CaA',.—PbAV 

Ethyl ether BiM. {212'). 

Chloride CH,.CHCl.CCl,.COa (c. 164®). 

Amide CH,.CH01.CH,.CONH,. [90°]. 

Trl-chloro-butyric acid 

CHACH,.CCl,.CO,H. [75®]. S. 5. From the 
corresponding alde^de and fuming HNO, (Nat- 
tcrer, M. 4, 539; 6, 251). 

Tri-chloro-lsobutyric acid C^HjCljOj. [60®]. 
S( parates when chlorine is passed intoan aqueous 
I solution of sodium oitraconato (Gottlieb, J.fr. 

[2] 12, 1). Prisms. Boiling alkalis convert it 
I into di-chloro-methacrylio acid. Zino-dust and 
' 110 form chloro-mcthoorylic acid. 

Salt 8.—NH 4 A'.—Ba A'j.—PbA',. —A n i li n e 
salt NH,PhHA'. [164®] (Daccomo, J. 1884, 
1335).~[4:l]0,H,Mo.NH,A'. [164®] (D.). 

Tetra-chloro butyric acid C,H,Cl,Oj. [140®]. 
From n-butyric acid and Cl in sunlight (Pelouze 
a. G61ia, A. Ch. [3] 10, 434). 

^-CHLORO-n-BUTYBIC ALDEHYDB 
C,H,CIO t.«.CH,.CHCl.CH,Clio. [97®]. From 
crotonio aldehyde and gaseous HCl (EekulA A., 
162,100). Needles (from dilutg alcohol); i^oL 
water. 

Tri-chloro-butyrie aldehyde 
CH,.CHOl.CClj.CHO. 

t ButyUhlwal. Mol. w. 176^. (165®). S.G. 
V 1*3966. (tg 1*482. Bab 97*99 (Brilhl, A. 203, 
20 ). 

Eormation.-^l. By the act^pn of chloriqe on 
aldehyde (Pinner, A. 179,21; B. 3,383 ; 8,1661). 
*2. From chloro-acetio ortho-aldehyde by heating 
with an equivalent quantity of aldehyde and a 
^race of HCl; the oily priduot (tt-ohioro-crotonio 
aldehyde) being subsequently chlorinated (Lieban 
a. Zeisel,49f.4,631). 

Prc^ftes.->Liquid; combines with watw 
forming a oiyltalljne hydrate, whence it is 
liberated bv distillation IB a current of HOL 
Oxidation ^ves tri-ohloro-butyrio acid. PCI, 
gives C*H,C1«(200®). 

Rcaethna. —1 ZnMe, in ether followed, after 
a time, by water gives tri-chloro-amyl alwhol 
(0 ,HA)CHMoOH 7~2. ZnEt 3 (l mol.)gives off 
ethylene, and the residue when treated with 
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CHLOEO-BUTYBIO ALDE^yDE. 


watet forms trf-ohloro-butjl alcohol (Garzarolli- 
Xhumlaokh, A. 213, 370).—3. Tri^ohloro-laotio 

acid at 130° giVea OC1 ,.OH<^q SCH.OAC1, 
[107°) (Wallaoh, A. 193, 47).-4! Lactio acid 
gives CH,.CH<^q >CaC,H.Cl, (261°,). — 6 . 
Tri-ohlhao-oxy-valerio acid at 176° slowlj' forma 
C,Cl,H,Cn<^Qp.CH.C,CI,H. [85°]. (300°- 

310°) (W.l.—6. fB,l forms C.H„Cl.PO, [9C°] 
(Oirard. A. 6h. [6] 2, 6^. Split up by cone. 
NaOHAq into HCl, p,FOS £ormic acid 

and hydrogen. 

Comhinations. — 1. With water 

Tri ‘ chloro - butyric ortho - aldehyde 
CH,.CHa.CCL.CH{OH)j. Mof. w. 193i. [78°j 
(K.a.P.); [76^] (L. a. Z.). V.D. 3-33 (calc. 6*7) 
(Moiteeier, C. 90,1075). Trimetnc laminre; 
a:6:c<»‘05:l:l‘2. Dissociated l^oneat. lie- 
action9,—ia) Converted by boinng Na^CCfjAq 
into di-ohJ^o*propyiene (77°) whicli on oxida¬ 
tion with CtOt yiddfl acetic aoid.~(b) Zn and 
HOi reduce it to chloro-crotoaio and crotonio 
aldehydes (Sarnow, A. 104,108).—(c) Iron and 
HOAo give butyric aldehyde, n-butyric alcohol, 
and botenyl alcohol (Lieben a. Zeisel, M. 1,840). 
—(d) After being taken into the system it is 
excreted in urine as tri-ohloro-butyl-gly- 
OQTonio acid G,oH,}Cl ,07 (Mering, H. 0, 401; 
Edla, J, Th. 1882, 95). This acid crystallises 
in aiiky needles, is isevorotatory, and split up 
by boiling dilate acids into glycuronic acid and 
tri-ohloro-butyl alcohol.—(e) Heated with dry 
NHfOAc it forms G^H^ClsKH [165°] (Pinner a. 
Klein, B. 11,14911; [170®j (Schiflf, B. 11, 2167). 

2. With nydrogen cyanide: — 
Tri-thloro-oxy-valeronitrile 
.CI^CHCl.CGL,.GH(OH).GN. [102®]. (c. 230°). 
This is converted by alcoholic NH^ into chloro- 
crotonomide; and by H-^SO, intotri-chloro-oxy- 
valeramide. Heated with urea it yields chloro- 
crotonyl-nrea GngCH:CCl.CO.NH.CO.Nfl, as l 
chief piodnet (about 60 p.c.) and butyro- 
cbloral'binret 

CH,.CHaCa.CH<^J^“>NH ss s by- 

product (about 4 p.c.) (Pinner a. Lifschiltz, B, 
20, 2347). 

8 . Wxth acetamide:—C4H5C1,(0H) (N H Ac). 
[170°] (Pinner, A. 179, 40); [158°] (Schill a. 
Taasinari, 10,1785).^^Tables; v.sl. sol. water. 

4. With benzamide: - C 4 HjCl,(OU)(NHBz). 
[160°] (Pinner, A. 179, 40); [133°] (Schifif a. 
Tassinari, B. lOt 1785). Formed by melting 

^ tri-chloro*batyrie aldehyde with benzamide. 

5. With oarbamic ether:— ^ 

C,H,Ci,(OH)(NH.COj^). [125°]. Prom trv 
cbloro-butyric aldehyde, carbamio ether, and 
HGl (Biso^ff, S. 7,632). Small pri^s. 

6 . With ammonia:—[62°] (S. a. T.)« 

7. With alcohol:— » 

CH^CHCl.CCl^CH(^)(OBt). Oil (P.). 

8 . With acetyl chloride:—e * 

CH,.CHOLCH,.CH(OAo)Cl (220°). 

Tri^bloro*bntyrio aldehyde 
GH,C1.0H-CC1,.GH0. [-78%Froma7.di-<diloro« 
crotonio aldehyde CH,Cl.CH:CCl.CHO and HCl 
(Natterer, Af. 4, 551; 5, 253). Forms no 
hydrate. 


&. cHi.0R0.BTnvRiani}0.£m£.sms 
G,H^Cl.G(NH).OEt. Tbehydrochlorideis formsd 
by passing HOi into a mixture of aiiyl oranide 
(1 mol.) and ethyl alcohol (1 nj^h). TIm hydro¬ 
chloride (B'HCl) orystallisos in large ot^orlesa 
prisms ^Pinnlr, B. 17, 2007). 

CHLOEO-CAFFElNE v. OA^rs'iHB. 
CHLOBO-CAUPHQK v. Gxupuob. 
CEL6BO-CAPBOIC ACID v. Cblobo-hbxoio 

ACID. e ® 

CHLORO.tAiCAEBAII.YLIC acid. Methyl 
ether CH.XCO,Me).CCl(COyiae).CH,(C08Me). 
From tri-methyl citrate and PClj (Hvoffiua, B. 9» 
1750). Oil; split up by heat into HCl and tri¬ 
methyl aconitate. 

TRI-CHLOEO-CABB AZ0I.E C, AC1,N. [180^. 
Prepared by passing chlorine into acetic acid 
containing carbazolo in suspension until the mass 
appears bright green (Grojbe, A. 202, 27). 
Keedles; sol. benzene, ether, and alcohol. 
solution in oono. H^SOi is bright green. Its 
picric acid compound [O0°] forms red 
needles. 

Hexa-chloro-earbazole C,jH,ClgN. [226°}. 
Obtained by further chlorination of the above. 
Long needles; its solution in cone. UjSOg is 
yellowish-green. 

Octo-chloro-carbazole C,jHCl,N. [276°]. 
Formed by chlorinating the above in presence 
of SbCl^. Long needles, si. sol. alcohol. Farther 
chlorination in presence of* SbClj at 160° gives 
hcxa-chloro-benzene. 

^CHtOBO-CAEBONlC ETHEB v. Geloro-xob- 

MIC ETHER. 

(iS).CHLOBO.CABBOSTYBIL C,HgClNO ♦.«. 
yCH:CCl 

I 3, Z)-Chloro-oxy-quino» 

\n : C(OH) 

line, [242°]. Formed by heating di-chloro-quino* 
line [104°] with dilute HCl to 120°. ByTOlj it 
is converted back into the d^hloro-quinoline 
[104°] (Friedlander a. Weinberg, B. 16, 336, 
2679). 

Ethyl elher CAClN(OEt); liquid,volatU. 
with steam. 

Cbloro-carbostyril OgH^NOCl. [246°J. 
Formed by boiling a dilute HCl solution of 
o-omido-piienyl-propiolic acid (Baeyer a. 

B. 15, 2148). Sublifiable. Silky needles. 81. 
sol. hdt, insoL ccU, water. May be identical 
with the above. 

Di.chloro-carbost^ G,HjCljKO. [249°]. 
Formed b^ chlorination of carbostyril (Fried- 
laqder a. Weinberg, B. 15, 1425). Fine white 
ne^les. PCI, converts it mto m-chloco-quino- 
lino [16f°]. c ^ 

CODECA-CHfOBO-CESOTIO ACTS 

C, ,H,,01^,0,. From Ssrotio acid«nd i^hlotioS' 
(Brodie, A. 07, l90). Gummy man. EtA'. 

CHLOEO-CETYL AlCOHOi 0^„010. (800°). 
From cet««i C,A. ‘U'i mints HCIO- 
(Cariur, A. 136, 196). Liquid. KOH givoa 
C,.H.,0 [8£] (300°). 

DI-CHEOBO-CHEUDAltlO ACI5 V. Cuuu- 

DOHIC .OH). 0 • 

E£FTA.CHL0B0-(iE0IE8T£BIH v. Oholes- 

taBUJ. ° 

CH10B0-41HB0MIC AOXD. Name sometimes- 
given to CrOoCL, v. CBROuinu,«C>7pcbi[oridM o/.. 
CHt0B0-0HBT8SN£ t;. CaRTtxKt. 
a-OKLOBO-GINVAlflO AOZD 



OHLORO- COMPOUNDS. 


0|H(.OEUOOLOO^. a-ChlorO’&’ihenyl-acryUc 
acid. [U2% 

Formation.—1. By heating sodium chloro- 
aoetate with acetic anhydridejmd benzoic alde¬ 
hyde 4Pi^hl, B. Id, 194o).->-2. By heating a. 
obloro-d-ozy-3-jmenyl-propionio acid withNaOAo 
and Ao,0 (Forrer, B. 16,854).—If. Tog^her with 
a small quantit^f the 0 isom^ride by heating 
C,H*.CHCl.CHCl.CO,H\with alcoholio KOH 
i(Jatz, B. 15, 788).—-4. By digestinf benzoyl- 
acetic ethe^with P^ljand PO^lj^at 100° (Perkin, 
C. cT. 47,240). In this reactionfhe 0 acid might 
have been antilipated. Needles. Volatile with 
steam. V*al. sol. water, v. sol. alcohol and ether, 
il.*8ol. ligroln. 

d-Chloro-einnamic acid CtfHyCChCII.COjH. 

? Allo-a-chhro^n7tamic acid. [114®]. Formed 
as above {Formation 3) and separated from the 
a-acid by the smalier^olubility of its potassium 
salt in alcohol. Trimetric crystals (Haushofcr, 

• ^.£.0,382,880). 

o-ChlorO'Oinnamic acid j 

[2:l]C,H,Cl.CIftCH.CO,H. [200"]. (a.a. H.) ;| 
[196°] (S.). Formed by boiling o-diazo-ciuiiiuruo ' 
acid with strong HCl (Gabriel a. Herzberg, B. 16, ' 
2036). Also by heating o-ohloro-benzylidone- 
malooic acid to its melting-point (Stuart, C. J. 
53, 141). Sol. alcohol, ether, and acetic acid, 
nearly insol. petroleum-ether and hot water. 

7/»*Chloro-oini3amic acid 

[3:l]C,H*Cl.C,H.^.CO,U. [107°]. Formed by 

boiling m-diaz#(#nnamic acid with strong IICl ' 
(G. a. H. B. 16, 2038). Needles. V. sol. hot 
water, hot alcohol and ether, si. sol. benzene 
and petroleum-ether. * 

p-Chloro-oinnamic acid 

[4:l]C„H,ClO,Hj.CO,II. [242°]. Formed by 
boiling p-diazo-cinnaniic acid with strong HCl 
(Gabriel a. Herzberg, B. 16, 2039). V. sol. 
alcohol, si. sol. cold water, benzene, and ether. 

lJi-chloro.cinnaiaftacidC,Ha.CUCH:CHCO.JI 
[1:3:6], Formed by the action of AOyO and 
NaOAc on (/5).dicbloro-bonzoio aldehyde (Seelig, 
A. 237, 168). Fine needles (from dilute alco¬ 
hol). • * • 

(a)-Tri-ohloro-omnamio acid 
C,H,01,.CH:CH.CO^C1:3:4:6]. [201°]. Formed 
by acting on (u)-trichIoro-benzoio aldehyde with 
fcetic anhydride and st^um acetate (Seelig, A. 
237,161). 

(j0)-Tri.ohloro-cliinamio acid 
C,H.^Cl,.CH:CH.COjH [1:2:3:6J. [186°]. 

Formed by the action of acetic ^hydride an(i 
sodium acetate on (i6)-tri-chloro-benaoioaIdehyde 
(Seelig, A. 237,161). ^ 

CHLOEO-CITRACONIC ACID C,^^,C10,. The 
salts of this acid are forgioJfrora the anhydride. 
TheJree jpid, liberatet by the addition of HjSO^ 
to tne bsjdum splits up <it once into water 
and anhydride. Zn and HCl reduce it to pyrotaf* 
tone acid. / • 

Salts. - CaA". —BaA"3Aaq. -BaA" 4aq.- 
PbA".--AgHA"-Ag^". ^ 

An)^dride C,H,C10,. ^9°]. (212°). 

Formed uy distilling citra-di-ohloro-pyrotartai4e 
or ohioro-citramalic acid (Gottlieb, J. pr. [2] 8, 

V 1873, 682). Lamina); may bo ! 

sublimed. 81. eol. water, v. sol. alcohol and ether. 

CHLOR^CITBIC ACID C,H.C10.. Prom j 
ioomUo acid and HOCl (PawoUeok, A. 178,166). | 


; Unstable syrup. Boiling with water cr baryta- 
1 water gives oxy-oitrio acid. 

CHX<0£0*C0D£lNiE v. Codeivs. 

I CHLOBO- COMPOUNDS. See also Bromo- 
I COMPOUNDS. In organic compounds chlorine can 
: displace hydrogen atom for atom, the resulting 
i compound possessing as a rule considerable 
resemj^lance to the parent substance. This 
obser^tion in the hands of Laurent and Dumas 
, overtwew the electro-chemical theory ojkiheraioal 
affinity which had been established by Berzelius 
(cf. E, 1, 66). The hydrogen that is displaced 
by chlorine is usually that attached to carbfin. 
Chlorination may be effected by a mixture of 
KCIO, and HCl, by 9%, gbCl„or AcCl, bat it is 
usually effected by the direct action of chlorine 
gfs. The chlorination of aromatic hydrocarbons 
may be effected by heating the hydrocarbons with 
the theoreticahamount of PCI, at 190°; in this 
case the PCI, splits up into PCI, and chlorine, the 
latter then attacking the side chains; the pro¬ 
ducts ar# pearly pure (Colson a. Gautier, Bl [2] 
4i, 6; C. 01,1064). In the same way acetyl 
chloride heated for several weeks with PCI, in 
an open flask is converted into chlminated acetyl 
chlorides (Micliael, Am. 9, 216). Acetyl chloride 
itself may bo used as a chlorinating agent; thus 
benzene-azo-benzene heated with AcCl at 170° 
for 4 hours is converted into j)-chloro.benzene- 
azo-chloro-benzene and p-chloro-acetanilide 
(Becker, B. 20, 2006). When free chlorine is 
u^d the substitution is usually slow unless it is 
aided by daylight, by sunlight, by heat, or by 
carriers. 

Sunlight enables chlorine to enter the side 
chains of aromatic hydrocarbons even at 0° 
(SAiramm, B. 18,1272), which it will otherwise 
, only do at a high temperature; in the cold and 
I in the dark it only enters the benzene nucleus, 
j Chlorine enters the methyl group of aoelophe- 
I nono whether the action take place in daylight 
or in the dark; the chlorination is, however, 
much more rapid in daylight (Gautier, C. R. 104. 

I 1714). 

! Carriers. Iodine greatly assists chlurina- 
I tion, probably forming IClj, which reacts more 
I vigorously than chlorine alone (Hffgo Muller, 

I C. J. 15, 41). The chlorides of metals which 
; form two chlorides (Ulso act as carriers; e^. 
SbCl, (Hugo Miiller; Beilatein a. Oeitoer, A. 
139, 334; Buoff, B. 9,1406), MoCl, fAronbeim, 
B. 8,1400; 9,1788; Page, A. 225,199), Fo,Cl„ 
AljCl,, TlCl, and the chlorides of Au, Sn, Bi, S, 
Te, Ga, Zr, Nb, In, Ta, and Ur. On the other 
hand the chlorides of Na, K, Li, Ag, Gu, Ca, Ba, 
Sr, Mg, Zn, Hg, B, P, As, Se, Y, Ce, and Di, are 
not carriers (Willgorodt, J^pr. [2] 84, 264; 35, 
398). According to Page,' however, the ohlori^s 
of S, and Bi are not carriers, as is also the 
case with the ohlorid^ of Ti, Cr, W, Mn, Co, and 
Ni. It is, however,mot possible to draw an 
absolute lino of demarcation between carriers 
and non-carriers; the weaker carriers can only 
attack substences prone to chlorination. The 
effect of various ohlorides is modified byeixoum- 
Btance8,|uch as their sllabilityin the vabstance 
to be chTorinated, their stability in presence of 
water, and the temperature rl the ^action. 
MoClj acts as a carrier of chlorine to aromatic 
bodies only and ^ot to fatty compounds. It may. 
be supposed that th^se various carriers act hy 
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ftitern&tel; ghing up eblorine to the oompooQd without ao^iodo-beozeneB being formed (Sit* 
and taking it up again: thelot, Bf. {2} 9,80). « 

MoCl^nG^^Cl + MoOli'i'ClH Chlorinated hyoroearbons. , 

MoCla + CIssMoClA. i^ormafton.~l. By ehlorination«of hydro* 

This does not account for the fact that carriers carbons. Chlorine enters the m and a jmsitiona 
promote entrance into the benzene nucleus, nor in fatty hydrocarbons; thu^ n-pentane gives 
for the observation that no ferrous chloride is • GK,.GH,. 0 HrCH 3 . 0 H,Cl 

formed when benzene is heated witl^ Fe^Clf. and GH,.0£L.QE}.GH01.CH,. sDn further ohleri* 
An alternative supposition is that in th^oaso of nation, the chlorine out hydrogen that is 
aroma^ bodies a molecular oompoun ^is first attached to the same atom of carbon as the 
formed, possibly aided by the somewhat un* chlorine atom already present. If the case of 
saturate condition of the benzene ring, and aromatic hydi 6 carbons chforine enters the side 
that this molecular compound is subsequently chain only at a high temperature or in sunlight, 
decomposed chlorine. In presence of i^ine or SbCl^ enters tho 

Displacement oP oae* halogen by another, benzene nucleus even at boiling temperature (v. 
lodo- compounds mky be converted into ohloro- supra). The rules relating to substitution in the 
compounds by digestion with HgClj; on \ho benzenenuoleusaregivenintheariloleBBNZBNK. 
other hand, chloro- compounds may be changed The displacing action of chlorine is not confined 
to iodo* compounds by treatntent with El or, to hydrogen; thus it oi^ convert nitro^benzene 
better, Gal^lHjO. Even acetyl chloride may into 0^01, (Page, A. 225, 208).—2. Mono-chlori* 
be converted into acetyl iodide by heating witli nated hydrocarbons ot alkyl chlorides are form^ 
crystallised calcium iodide, without being affected by treating alcohols with HCl, PCI 4 , PG1„ 
by the water of crystallisation. In^eneral, mllals POCl,. The action of HCl om alcohols is pro- 
with low atttnio weights prefer the lighter halo- moted by ZnCl.^ (Groves, C. J. 27, 036; A. 174, 
gfens. The following elements prefer chlorine to 372 ; Kriiger, J. pr. [2] 14,195), but in the ease 
bromine or iodine, and brominoto iodine; viz., of thehigher fatty alcohols the resultingohloride 
£, Mg, Ca, Br, Ba, Al, Mn, Co. is sometimes mixed with an isomeride derived 

On the other hand, Cu, Ag, Hg, Bn, Pb, As, from the olefine formed by dehydration of the 
and Sb prefer iodine to bromine or chlorine, and ' alcohol (Schorlemmer, C.J. 28, 308; B. 7,1792). 
bromine to chlorine. P and Ti are indifferent. , The polyhydric alcohols will not exchange all 
The metals Zn, Cd, Tl, Bi, Fe, and Ni are vari- | their hydroxyls for Cl by treatment with HCl but 
able in their behaviour (Kcihnlein. A. 225.194). : require tlie use of PCl ^.—81 olefines and 
Thns n-propyl iodide is not acted on by MgCl,, \ HCl; the chlorine attaching itself to the atom 
SrCl^ or BaCl,; it is split up into gas and Ill i of carbon that is combined with the fewer 
by MnCl| and TiCl^; it is but slightly affected i hydrogen atoms. Di-chlorinated hydrocarbons 
by FeClj, CoClf, and NiCl^; but it is con^rted ! are formed by tho union of Cl with olefines, or 
into propyl chloride by ZnG)|, GdCL^, SnCl^.SnOl^, of HCl with tho hydrocarbons CnH,.,-j. Al- 
SbClj, and TICL | though chlorine combines with olefines in the 

n-Propyl chloride is converted into propyl 1 dark, its combination with benzene and acetylene 
iodide by Cal^ Sri,, Mnl,, and Col^; is but requires light (Romer, A. 233, 172).--4. From 
alighily affect^ byFeljand Nil,; and is not aldehydes or ketones aad PCly-S. From aro- 
affected by SnI,. matio amines by the diazo- reaction (o. Di-Azo* 

The substitution of chlorine by iodine may compounds and AmiiVes). The*conversion may 
be effected by the use of KI in the case of chloro- j also be effeoteiby gradually adding HNO, to a 
lactic acid, chloro-acetone, di-chloro-acetonc, hot solution df the amine in HCl (Lo^nitsch, B, 
epicblorhyt^n, and dicblorhydrin; on tho other 18,39). • 

band, KI does not act on dichlorinated ethyl React Boiling waUr very slowly de¬ 
oxide, and decomposes chloral into chloroform composes chlorinated hydrocarbons; t)>e chlo- 
and CO. * rides of tertiary alkyls are the most readily 

•'Whe Bubstitutton of Cl by I may be effected affected (Niedorirt, A. 185, 888). Presence of 
by A1,I^ m the case of CCl* and GHvCHCi^; but j Pb(OH), or E-CO, in the water promotes tho 
AJLI, docs imt act on C^Cl, or on O^Gl^, while it | conversion of chlorinated hydrocarbons into al- 
^lits up into C^Cl^ and Cl,. | cohols. If two chlorine atoms are attaclied to 

KBr convertsdi-ohloro-acetone into di-bromt^- j the same^carbon atom, the product is an aide* 
acetone. Al^r, converts CC1«, C^C1„ and C-^Cl, j hyde or ketone; if three are attached to tho same 
into CBr,, cjBr., and C,Br„ respectively. } caAon atom, the product is an ocid.—2. Anu 

The conversidh of Etl into EtCl is not effected | rrumia cenverts the alkyl oMorldes into aminea. 
by BaCl,, CoCl^ or PbCl, at 72®, but is partially 8, AlcoJiolic ^Utsh^remoyw HOI in two stages 
brought about by BaCi, at 140®, and 19 com- from di-ohlonnated h^rocarbous.^e Cl and H 
pletcuy effect^ by OfOl, and PbCl, at 160®| being detached<i;om neighbouring garboB atoms, 
The obBCrration of Henry (C. B. 96,1062) that the hydrogen coming from the carbon aitom to 
silver nitrate oonverts ethylene chlq|obromide which the lets hydrogen is atiad|ed.—4. Ohlor- 
OH^.CH^r into chloro - ethyl nitrate ine may be displaced by hydrogen by treatment 
OH,OICH/).NO, is in acoordanae with the state- with sodium-amalgam in presence of dilute alco- 
mentmade above, thfSt silver prefers bromine to hoi; with aino-dust and HOAc; ojwith cone, 
chlorine. Chlorine may be displaoed by iodinw HIAq.— 5. Drv oxa^ add displjoces chlorine 
by heating with oono. HIAq in sealed tubes,, but by oxygen in ine compounds BtiiC4 and RGCl, 
the resulung iodo- compound is, especially in the (Ansebiitz, A. 226,18). a' 

case of aromatic compounds, liable to loss of Chlorinated acids. 

iodine in exchange tor hyA'Ogen; thus chloro- Fomkriiow.—I.Bydirectchlylnationjohlor- 

be&aenes ore redufiad to benzene by HI at 250® ine taking the « poaition if possible, espodalty 
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if tittt temperatura ba not above fto° (£rlen< 
mever, B. 14t 1818).—3. ^rom salts of oxy> aolds 
andPOli, the resolting chlorinated alkoyl chloride 
being decoBiposed b/ water.—8. By addition of 
oUorinOeOr of HOI to ansatarated acids; HCl 
onitixkg with aoidi of the form BOHtCH.COj,H 
gives rise chiefly to i8«obloro* acide^ « 
B0HC1.0^.00,H» « 

Boilis^jirith ioat6r or alkalis 
paually converts ct-chloro* acids into acids, 
fl<chloTO> aolds int<} unsaturated acids, and 
Y-ohloro* acids into lactones. 9he /3-ohloro< 
acids also split ofi into HGl, 00,, and an olefine 
•Fittig, .i. liU, 169; c/.Erlenmeyer, B. 14,1818; 
15, 49). &OEt converts a*ohloro> acids into 
ethoxy* acids. ao^di'Chloro* acids are but slightly 
affected by btffling water; a8*di-chIoro • acids give 
the chloro-oxy* acid, and also split off COj. 
Alcoholic EOH oonveits acids of the form 
K0H01.0HCl.C0jH chiefly into KOH:CCl.COjH. 
9 Acid chlorides. * 

Formation. —1. By the action of PCl,^, POlj, 
or Pool, on the Acid or on a dry salt of the acid 
(Gorhardt, A. 87, 63; B4obamp, 0. R. 40, 944; 
Kanonnilcoff, A. 175, 878). Although PCI, does 
not convert tri-chloro-methono-sulphonio acid 
into its acid chloride, it acts upon methane sui* 
phonic acid and chloro-metbane sulphonio acid 
in the usual way.—2. By the action of HCl on a 
mixture of the acid and P^Oj (Friedel, Z. 1869, 
489). 

ifeoefions.—l#<|uickly decomposed hj water 
into HOI and the corresponding acid, and even 
more readily decomposed by akohoU with for¬ 
mation of ethers.—2. Ammonia forms amifes; 
primary amines act similarly.—8. SaltioJ organic 
acids form anhydrides. Dry oxalic acid also 
converts them into anhydrides (Ansohiitz, A. 
226,18; V . Anuvouidss, Ohoamic).—4. Zinc ethyl 
unites with them forming compounds such as 
It.O(OEnEt)EtCl wbicit are converted by water 
into ketones HCO.Bt; further action of zinc 
etli^l forms K.u(OZnEt)Ctf whence water forma 
tertiary alcohols U.G(OH)Etj. Thus COjEtCOOl 
becomes CO,Et.C(OH)Et, (Henrjf -B. 5,949).— 
5. Alumintnm chloride forms with acetyl chloride 
diluted with CS, a white solid OigH^OjAljOI, 
decomposed by water into GH,.CO.OIi,.OO.OH, 
withavolution of CO,, and by alcohol into acetyl- 
aoeto^acetic ether. Al,fl, acts similarly on 
chlorides of other normal fatty acids (Combes, 
A. Oh. [6] 12,199).—6. Chlorine acts by substi¬ 
tution more vigorously upon acid chlorides than 
I'pon the acids themselves (Jazukowitzsch, Z. 
1868, 234).—7. Sodium amalgam added to a 
mixture of an acid with its chloride reduodi the 
latter to the corresponding alcohol (Lkinemann, 
A. 161,184; Baoyer, B. 2,4)8)^ 

ChlproaBideB and bhloroimides B'.NHCl, 
B',B'^01,^N0WwheTe B'. B',f and B'^ are acid 
radicles, ana B', acid or alcoholic. 

These bo^# are formed by Adding a cone, 
solution of omoride of lime to the solution of the 
amide or imide aoidiflied with AcOH. 

By tre%tment with alkalis, HOl^o., their 01 
atom is readily replaoeA by H (Bender, B* 19,' 
2272). • 

OHIORO-AOKHKE o. Oomohs. 

(a)^HLOBO-OOBXABnr 0,H,010,. [138»]. 
From ooumaijto and POl, at 200°. Also from 
ooumarin dicluoride and alcoholic EOH (Perkin, 


O. J, 34,48). Flat needles, m. sol. aleohoi, si, 
sol. hot water. Converted by alcoholic EOH into 
ooumarilic acid. 

(d)‘Chloro.cottmaria 0,H*C10,. [162®]. From 
Ao,0 and sodium chloro-o-oxy-benzoio aldehyde 
C,H,Cl(ONa)OHO (Basecke, A. 154,85). Crys- 
tale, si. sol. cold alcohol, v. e. sol. benzene. 
Boiling |COHAq converts it into ohloro-coumario 
acid. 

Tetra-ohloro-coumarin 0,H,CI,0,. ^146®]. 
Formed by passing chlorine intocoumarin dis¬ 
solved in CCl, containing iodine (P.). Small 
needles (from alcohol). * 

CHhORO-p-CBESOL C,H,(CHaCl{OH) [1:3:4] 
(196®). B.G. If 1'2108.^ Farmeaby the action 
of dry chlorine on sodiunAp-cresoI (Sohall a. 
Drtflle, B. 17, 2528). Liquid. 

Methyl ether C,H,MeCl(OMe). (214®). 
S.G. If 1*1498. Liquid. 

Ckloro-cresol C,H,(CH,)C1(0H) or 
C.,n,(CH,Cl)(OH). [ 66 ®j. (0.240®). Formed by 
cbiorinaticili pf boiling crude oresol (Biedertnann, 

P. 9, 325). Noedlcs; v. sol. alcohol, ether, and 
benzene. 

Ghloro-creicl. Ethyl ether 
C,H,MeCl(OEt).. (c. 215®). S.G. •?:» 1-127. 
From(a).omoro-nitro*toluenebyreductioD,diazo- 
tisation, and treatment of the diazo- sulphate 
with boiling alcohol (Wroblewsky, A. 168, 209). 

Chloro-oresol. Ethyl ether 0 .,H 3 MeCi(OEt). 
(c. 215®). S.G. 1® 1-131. Prom (j3)-chloro-nitro- 
toluene in the same way as the preceding (W.). 

Di-cMoro-p-cresol 0,H,(C]^)CUOH) 

[39® uncor.]. Formed by passing ohlorine into 
boiling p-crcsol (Claus a. Biemann, B. 16, 
1598^ Long prismatic needles. Sol. alcohol 
and ether, si. sol. hot water. By CrO, in acetic 
acid it is oxidised to di>chloro*p-ozy-banzoio 
acid [156® uncor.].—A^H,: long colourless 
needles [125®], sublimable. 

Di-ohloro-m-creBol CaH 3 (CH,)Clj(OH); pro¬ 
bably [1:4:6:83. [46® uncor.]. Formed by chlo¬ 
rinating m-cresol (Claus a. Schweitzer, B. 19, 
930). Colourless needles. Volatile with steam. 
V. e. sol. alcohol, ether, &o.. sol. hot water, 
nearly insol. cold. It is oxidised b^ Ej0r,0, 
and dilate H^SOi to di-ohloro-toluquinone 
1103®]. 

Bi-ohloro-o-cresol 0 Jh,(CK)C 1 ,(OH) 
[l:5:3or4:2] [54° uncor.]. Formed by otfloi- 
ination of o-oresol (C. a. K., B. 16, 1600). 
Large colourless needles. V. sol. alcohol, ether, 
ebenzene, chloroform and GS„ sol. hot water, sL 
sol. cold water. By €rO, and glacial acetic 
acid it is oxidised to a mixture of di- and tri* 
ohloro-toluquinone. By E,GrjO, and dilute 
H 3 SO 4 it is oxidised to mono-onloro-toluquinooe 
[90®] ^lauB a. Schweitzer, B. 19, 927). 


I JSsw-Bl-chlcro-o-cresol 04 H 4 (CHC 1 ,)(OH) 
f[l:3]. ^2®]. From salftyUo aldehyde (1 mol) 
and POL (1 mol.) (Henry, B. 2,135). Prisms 
(from einor); v. ^ sol. cold alcohol * 
Phosphorj/l derivative 
P 0 ( 0 . 04 H,.CHCIj),. [78°j. From salicylic alde¬ 
hyde and l^ls (Stuart, C.V. 63, 402). l^eedles 
jbom alo^ol). Not affected ^7 

From 0,H,(0Me)CH0 aarpOI, (Stuiirt, 
O.f. iS,iOi). on. Deoainposodiojll^i^ 


a 


TrfmUoro-oreiol C;B(CH.)C1.(0H). PB"]. 
(370°). One of the products of distillation of 
crude penta.ohloro-th^ol (Lallemand, J. 1856. 
630). Crntals; inaol. water, sol. alcohol and 
alkalis. 

Tetra.cUoro<resol 0,(CH,)C1.(0H). [150°]. 
Obtained by distilling pure penta-chloro Uiymol 
(L.). Needles. * 

«CHL0R0-CB0T0NIC ACID • 
CH,.CH;C01.C0.H. [97-5°]. (206°) (Kahlbaum, B. 
13, 2885): (212°) (Sarnow). S. 1-97 at 12° 
(K.); 2-12 at 10° (Michael a. Brown, Am. 
9, 283). 

Fonnattm .—}. Fropitri-ehloro-butyric alde¬ 
hyde by oxidation anB treatment of the resulting 
tri^jhloro-butyrio acid with sine an4 HCl 
(Kramer a. Pinner, A, 158,37) or with zino-dust 
and water (Sarnow, A. 16^, 93; B. 4, 731; 
6, 467).—2. By boiling tri-chloro-butyrio alde¬ 
hyde (29 g.) with K,FeCy, (42 g.) and water (500 g.) 
(Wallaeh, B. 10.1530).—3. From#olid crotonio 
acid by addition of chlorine ftSIoWed by ly)ating 
the product CH,.CHCI.CHCl.CO,H (Friedrich, 

A. 219, IS.3).—4. From chloro-butenyl alcohol 
(g, t».) by oxidation.—6. By the action of cold 
aqueous NaOH upon the liqufd oflo-aO-di-chloro- 
butyric acid (the addition product of isocrotonio 
acid and Cl) (Wislicenus. B. 20,1009). 

Properties.—Small flat needles; may be 
sublimed. Volatile with steam. Not attacked 
by alkalis below 220°, at which temperature 
acetic and oxalic acids are formed, together 
with COj and a syrupy acid (P.). Keduoed by 
lodium.amalgam to crotonic acid. 

Salts.—A'K: pearlpr plates or tables (from 
80 p.o, alcohol); nearlyinsol. absolnte alfohol.— 
MB,A'; laminffi.—CaA'j.—BaA',: lamina). — 
PbA'r aq.-CuA',: needles.—CuA'(OH); amor, 
phous.—AgA': needles. 

Methyl ether MeA'. (161°). S.G. 1 1-0933 
a. 1-4589 (Kahlbaum, B. 12, 344). 

Ethyl ether JStk'. (177° uneor.). S.G. n 
1-129. From tri-chloro-butyrio aldehyde and 
alcoholic KON (Wallaeh a. BOhringer, A. 173, 
801, cf. Claus, A. 191, 63). Turns brown in 
Ught* 

Ueacthm.—h Treated with KCN (2 mol.) 
and boiling alcohol ij forma a product whence 
toiling KOH produces tri-carballylic acid (Claus, 
M. 191, 64) and crotaconie acid, C,H,(COjH).„ 
isomerio with itaoonic acid. The tricarballylic 
acid is formed through addition of HCK to the 
crotaeonio acid.—2. With KON (2 mol.) and 
dilute alcohol in the oold it forms potassic 
eyano-orotonate (j.ti.) only. 

OAlor»d«w-!cH,.CH;CCl.COCl. (142°). (8.). 

Amide CH..OH:OCl.CO.NH,C112°] (P.a. K.); 
[107°] (8.). (o. 235°) (a). From the cyanhydrin 
of tri-ohloro-bntyiia aldehyde and alcoholic NH, 
or dry ammonium Ihrbonate (Pinner a. Klefti, 

B. 11,14881. Also from the ohloride and NH, 
(S.). lisminn; may be snblimed. * 

Nitrile CH,.CH:OaON. (136°). From the 
amide and P,0, (8.). 

Alia-a.ehloroH)r4tcaie add CH,jpH:CC!.CO.£. 
(67°). 8. 6-53 at 19°. Formed by the Mtion of 
an excess of aqueous MaOH upon aA-di-chloro* 
butyric acid [63°] at the ordinary temperature 
(Wislicenue, B. 20, 1009; Michael a. Brown, 
Am. 9. 283). Slender needles (from water). 
More so ubie in water than any of the other 
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chloro-crotonic acids; si. sol. oold ligroln.— 
A'K: concentric neeiAes; v. sol. absolute alcohol 
(difference from the a-acid, whose K-salt is nearly 
insoluble).-BaA’, Sjaq: orystaft, si. sol. al¬ 
cohol.—PbA',aq: prisms, sksol. watdb.—'AgA't 
amorphouA 

ff-Chlore-crotenic aciA CH,.CCl;CH.CO,H. 
[94-5°]. ( 0 . *209°). £. 1-9 at 19° (Miohasl a. 
Brown. Am. 9. 281); 2-25 at 12° (K.); 2-8 at 
19° (ft-)- , 

Format!^ —1. Theuhloride of this acid is 
formed together with that of o!fo-8-ohloro- 
erotonic acid by the action or excess of PCI, on 
aceto-acetic ether. The mixed* chlorides are 
saponified by water and the product distilled, 
whereupon fl-chloro crotonm aqid passes over 
first (Oeuther, Z. 1871, 237).—2. From tetrolio 
acid and fuming HOI (Friedrich, A. 219, 370). 

Properties.—Slenftr monoclinic needles -. 
o;6:c=. 1-2859:1;-6U)5; 8-73° 9'; volatile with 
steam; may be sublimed at 100°. At 16(F it 
slowly changes into aUo-8-c))ioco-crotonic acid. 

Eeaclioits.—l. Sodium amalgam gives cro¬ 
tonio acid.-2. Boiling aqueous potash (7 p.o.) 
gives tetrolic acid (K.).— Stronger potash (i8p.o.) 
gives chiefly acetone.—3. Sodium ethylate gives 
the same ethoxy-crotonio acid as is got from 
nlio-O-ehloro-crotonio acid. 

Salts.—NaA' Jaq; thin laminie, v. e. sol. 
water.—BaA',: trimetric octahedra. S. 45 at 18°. 
—CuA',aq. 

Ethyl ether EtA'. (m°oor.). 8. O. !£.* 

1-111 (G.). 

• AIia-8-chIoro-crotenic acid 
CH,.CCl;CH.CO.,H. [59-5°]. (195° cor.). S.1-12 
at 7°. Formed from aceto-acetic ether as above 
described (Geuther a. Frohlich, Z, 1809, 270). 
Formed also by heating the preceding acid lot 

I 20 hours at 160° (Friedrich, A. 219, 363). 

Properties. —81ond|r needles or prisgis; vola 
tile with steam; sublimes even at 20°. Not 
affected by boiling aqueous KOH. 

Reactions. —1. Alcoholio KOH convdrts it 
into the eU;/l derivative of affo-fi-oxy-crotonio 
acid.—2. Gone. KOHA&forms acetone and CO„ 
a small quantity of tetrolio acid C,H,0, [75°-77°] 
being also formed (Friedrich, A. 219, 341). Di¬ 
late KOH behaves similarly, but the tetrolic acid 
is the chief product 

Salts.—NaA'Jaq; satiny crystals, v. sol. 
water. — KA' aq. — TIA' |aq. — NH,H A', aq. — 
CaA', 3aq. — BaA', 2aq: four-sided prisms. — 
MgA'jSqq.-ZnA',2)aq.—PbA',4aq.—MnA',2aq. 
—CoA', 6aq.—NiA', 6aq.—CuA', 1 jaq.—AgA'. 

• Methyl ether MeA'. (142° cor.). S.G. 
1?1-143. 

Ethyl efitsr.EtA'. (161° cor.). 8.O. « 
1-113. Boiling alcokolic KON followed by KOH 
converts it ipto tri-carballylic Itcid^Glaus a. 
Lisohke, B. 14,1089). • 

Isomeri^ cf cbloro-orotqyls acid v. Cuioao. 

HETHlOBXUa JLOW. * 

afi-Di-ehloro-crotonic acid 
OH,.CCl:C01.00jH. From oaff-tri-ohloro-hutyrie 
acid (1 mol.) and KOH (3 mols.) (Barzarolli, B. 
9,12091. • a ' 

a-CmOBO-CBOTOHIO AXJIEHVDB 
OH,.CHiCaOHO. (148°). Formed, together 
with tri-dhloro-butyric aldehj^, by chlorinating 
al^hydo containing alcohol (Pfbner, A. 179, 31). 
Formed Mao by heating the hydrate of chloro- 
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■eetia kUebjie with »Hehjrde and a drop oi 
fuming HCl at 100® (Lieben a. Zeisel, M, 4, 631). 
Liquid. Combines with ohiorine forming tri- 
chloro-hutyrio aldehyde. Br gives ohloto-di- 
bromo- and ohloro-tri-bromo- butyric aldehydes 
(Pinner, S. 8, 1323). • , 

a7-l)i-ohloro-bntyrlo aldehy^p 
CH.Cl.CH:COI.OHO. (M°) at 18 mm. Gradu- 
ally separates as an oil when the hydrate of 
chloro-aoeti# aldehyde is heated with a drop of 
H.SO, at 100“ (Natterer, M. 639 ; 6, 667). 
■Oil; solidifiesowheu cooled with solid CO„. 
Forms a qrystalline compound with NoHSO,. 
Iteduces warm ammoniacal AgNO,. Bedueed by 
iron filings and acetic acid to »-butyl and butcnyl 
alcohols. Of idiscd by HNO, to oxalic and chloro- 
acetic acids. Bl' forms a7.di.chloro-a8.di*bromo- 
butyrio aldehyde. H(J| gives tri-chloro-butyric 
aldehyde. ZnEtj followed by dilute HjSO, gives 
^ di-chh^-hexenyl alcohol 117®) 

at 20 mm. 

CHlOEO-OaOTOHYl-BKEA 
CH,.CH;CC1.CO.NH.CO.NH,. [224®]. The chief 
product of the reaction of the cyanhydria of tri- 
chloro-butyrio aldehyde with urea; the yield is 
about 60 p.a. Rhombic tables. Sol. alcohol, si. 
sol. water. On heating it evolves IICl and is 
converted into di-oxy-ethylidene-metapyraxole 
CH,.CH:0.N^ 

I ^C(OH) (Pinner a. Lifschutz, B. 
(HO)C:N'’^ •• 

20,2347). 

CHLOKO-OEOTYL v. Ciiiono-norKSVi.. 

■ CH10EO-+-Ct;MENE C.H,(CH,).C1 [l:f:4:fl]. 
[71®]. White plates. Formed by the action of 
cuprous chloride upon diazo-pseudo-oumeno 
(Haller, B. 18, 98) or by warming the pipetidide 
of diaso-r^eudo-cumone with cone. HClAq (Wal- 
lach a. Ho.'Bler, A. 243,232). 

(S.Chloro tt.cumena CgHuCl i^. 
C.H..CH..CflLCH,Cl. Chloro-propyl- benrene. 
(419®). From OA-OH,.CH,.Cn,01I and HCl 
(Errera, 0.16, 810). Oil. Nqt aft'ectod by fused 
ZnCl, aot by AgOAc. Alcohdlio KOH gives 
C.H..C,H..OEt (220F). 

a.Chloro-».oumene C,,H,.CH..CH01.CH,. (c. 
206®). From OA-CH..CH(OH).CH, and HCl 
(E.). Formed also by chlorination of «-propyl- 
bensene (Errera, G. 14»606). Partially decom¬ 
posed by distillation into HCl and allyl-benzono. 
Alcoholic KOH alao forms allyl-benzone, as does 
ZnCh likewise. _ 

8.Chloro.»-cumene 0,Hj.CHC1.8H,.CHs. (o. 
203°). From the corresponding phenyl-propyl 
alcohol and HOI (E.). Partially rosolvo(|by dis¬ 
tillation, even in'vacuo, intp HOI and allyl-benz,- 
ene. AgOAoformBO,Hj.Cffi(OAo).CHj.CH,(227®). 

aiLa^-CFHlIIIE ACID 0 „HmC10s i.e. 
C,H^.Hicl.CeJl [4:3:1]. (123“]. Formed bv 
oxidation by HNO, of the ohloro-oymcne froth 
thymol andreci, (Geriohten, H 11, 866; Fileti 
a. Orosa, 0. 16,288). Long needles (from dilute 
alcohol). Reduced to ouminic acid by sodium- 
amalgam.—BaA'j 3aq: pearly pktes. 

CHLbEO'CDKOdUi^^OUliE V. CnLoao-isk 

mrvL-quiiAuNi. 

OKIOB^-GYAIIAHIDE «. Kmnum. 

OHLOEO-CYAHO-BEHZEIIE 0. Nilrilt of 

"OniOKO-BEMiOIO AOU). _ 

CHLOeTdI OYANO-NITEO-METHAKE 

>-<IC10y,(NO j. Fonued by warming ohlotopictm 


with alcoholio KOy (Basset, 0. /. 19, 852). 
Silver nitrate solution gives an orange pp. oi 
(AgNO,).30010y,(NO,). 

CHlOEfWJYMENE 0,.H„C1 ijt. 0.H,MePr01 
[1:4:2]. (210°). S.G. 14 1-014. From carvacrol 
and POl, (KekuW a. Fleischer, B. 6, 1090). 
Formed also by chlorination of cymene (from 
camphor) in presence of iodine (v. Geriohten, 
B. 10,1249). Oxidised by dilute EMO.tj^hloro- 
toluic acid (190“]. 

Chloro-oymone C,H,MePr01 [1:4:3]. (218®). 
From thymol (4 mole.) and PClj (1 mol.); tae 
yield being 85 p.c. (Carstanjen, /. pr. [2] 8, 64; 

V. Geriohten. B. 10. ,1250; lir866; Fileti a. 
Cross, a. 16, 287). Hof. affected by sodium 
amalgam (F. a. C.). Oxidation gives chloro- 
cnminic [117®], ohioro-toluio [149®], and chloro- 
terephthalic, acids. 

w-Ohloro-cymene 0,H4Pt(0Hj01) [1:4]. Cumyl 
chloride, (o. 227°). Formed bypassing chlorine 
into boilieig cymene (Errera, G. 14,277). De- 
ccaoposod by, long boiling with formation of 
CJl... Alcoholic KOH giveoO|,H„OEt. Sodium 
amalgam reduces it to cymene. BJlling aqueous 
Pb(NO,),, gives cuminio aldehyde. 

B-TO-chlotoloymene C,H,(0,H,Cl)Mo [1:4]. 
Two compounds of this nature are formed, to¬ 
gether with the preceding body, on passing chlo¬ 
rine into boiling cymene (derived from camphor). 
One of them is not attacked by alcoholio KOH, 
while the other is converted into aUyl-toluene 
CH,(O.H,)Me (Errera, G. 14, 283). 

»-Chloro-p-lsooymene C,H,Pr(CHsCl) [1:4]. 
Cumyl chloride. (O.230®). Formed, together with 
cumyl carbamate, by passing cyanogen chloride 
intb curainyl alcohol O.Hj-Fr.CHOH (Spica, G, 
6, 394). Formed also by the action of HCl on 
cuminyl alcohol (Paterno a. Spica, G. 9, 397; 
B. 12, 2366). 

B«.Di^!hloro-oymenoO,H,(O.H,).(CHClj). C«- 
mylidene chloride, (o. 258®). From cuminio 
aldehyde and PCI, (Cahours, A. 70. 44; Suppl. 
2, 311; Sieveking, i. 106,258). Reconverted by 
alcoholic KOH or by heating with water at 160“ 
into cuminio aldehyde. „ „ 

Tetra-ohloro.m-isocymons CjCl.BtMe [1:3]. 
[159®]. Formed by passing chlorine into a cold 
saturated solution of tri-ohloro-isocymene sul- 
phonic acid at 40® (Kelbe, B. 16,617). ^edles 
(from alcohol); may bo subumod. Not oadised 
by HNO, or chromic mixture. 

TRI.CHL0E0-m-I800YMKNE SDLPHONIC 
ACID C.Cl,PrMe(SO,H). From m-isoeymene 
sulphonic acid by passing Cl into its aqueous 
solution at 40“ (Kelbe, B. 16, 618).-NaA’: 
iaminffl. • 

CHLORO-DECANE v. Deoil CHLoniDi. 

8HL0S0.0ECYLENE 0„H.,01. (206®cor.J. 
From Cl and boiling decanaphthene (Markojmi^ 
koff a. Ogloblin, J. RKS, 883). Alcoholic KOH 
gives a mixture of dooinenes (165®-HM ). 

TlftEA-OKLOEO-DDEEKE C,H,(CH,01), 
ri:2:4:5]. [144®]. S.0.1-479. Formed by heat¬ 
ing durene -mth excess of PCI, at 190® for 5 houm 
(Colson Gautier, 0. S-102,1076; Bl. [2] 46, 

^'***DI.CHL0R0-E0SIH e. Di-OHLoao-mm- 
naono-rLUonascBm. 

OHLOEO-ETHAHE n. Ethvi, ohlomm. 

Di-chlcro-etMne v. Etuxuuix oaLouoE and 
Einvunsn* cauown*. 
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Irwhloro-ethane CH,C1.0Ha,. ObloroMyl- 
mi chloridt. (1U°) (Sohiff, J.. 220,97); (115°) 
(Perkin, C. /. 46, 631). V.D. 4-66 (for 4'60). 
S.G.^ 1-4577: if 1-4663: U1-4430. M.M. 6-796 
»tl6-7°. O.E. (from 9° to 118°)-00121. H.F.p. 
88980 (ITk.). HJB'.t. 82820. S.V. 102-77. 

jPormalim, —1. From ohloro-ethyleno (vinyl 
ehloride) end SbOi, (Begnault, .1. Ch. [2] 69, 
161; U, 366).—2. From ethyl ohloridl and Cl 
(Kramer, B. 3, 261).—8. By chlorinating ethyli- 
done chloride in presence of A1,C1, (Tavildai-ofl, 
•B. 13,2408).-4. From OHClj.CH.OH and PCI. 
(de Lacre, C^B. 104,1186). 

BeactUms. —1. Agugohs or alcoholic nmmonio 
gives a theoretical yield ol C-HClj (37°) (Ungel. 
C. B. 104,1621); alcoholic KOH forms tlio ftime 
body.—2. Sodium forma C.H„ OjHjCL, C,H;, 
and hydrogen (Brilnner a. Bmndonbmg, B. 10, 
1496; 11,61). 

Iri-chloro-ethane CH,. 
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Eeaa.%iloro.ethane C01,.00L. [179°1 

(Genther a. Brookholf.*/. pr. [2] 7,108): [186‘ 
oor.] (Hahn, B. 11,1736). (185° cor.) (H.). S.O. 
2-0 fechrOder, B. 18,1070). V.D. 8-16 (calo. 8-21). 

Forviation, —1. From CjCli and 01 u daylight 
orbybeatin^aradayi 2V.1826,47; Liebig, ,d. 1* 
219).-e-d. ultimate product ol the ohlorina* 
tion of ethyl*chloride (Laufent. A. Ch, [2] 84, 
a^28) or ethylene chlpride (Faraday), and hence 
formo^in the chlorination of most ethyl com¬ 
pounds in sunlight (Kegnault, a. Ch. [21 09, 
106; 81, 371; Bbelmea a. Bouquet, A. Ch. [82 
17, 00; Malaguti, A. Ch. [3] ft, C, 14; Geutbor 
a. Hofackor, A. 108, 61).—8, Bytpassing CCl, 
through a red-hot tube (Kolbe, A, 64, ft?) or 
over hncly divided copper at 120 '^^Badzi 8 zewsku 
B. 17, 834) or silver at 180*^ (Goldschmidt, B. 
14, 928).—4. From AoCl and PClj at 180* 
(Hiibner a. Muller. ,^.#1870, 828).—6. Ultimate 
product of the actioij of PCI, on succinic acid.— 
'* By heating propane, propyl chloride, or iio- 


COI,. (76^ (Perkin); I 0. By heating . . .... 

(74-6°) (Geuther). V.D. '4*5,3. S.^ 1*3247; | butyl chloride and ICl, at 200® (Krafft a. Mere, 

111*3114. M.M.6*740atl7*C®(?^erkin); '?^3-17 i B. 8 , 1208).—7. From propidnic acid and ICl, 
(Pierre. A* 80, 127). Formed by chlorinating : (Krafft. B. 9.1085).—8. By chlorination of boil, 
ethyl chionde (Begnault, A. 33, 317; Geuther, ' ing butyric acid in sunshine (Naumann. A. 119, 
J. 1870, 436). Converted by NaOEt at 100° into i 120).—0. Together with C.Cl, and CCl, by heat. 
OIL:CCl(OEt), acetic acid, and ortho acctic ether ! ing chrysene with PClj (Kuoff, B. 10,1234). 

. jx. Properties .—Tables (from alcohol-ether); 

smells like camphor. Trimorphous, crystallising 
hi tlie cubic, trimetric, and triolinio systems 

. K. 6 , 680). Insol. 

When its vapour 


OHj.O(0£tl,. Differs from its isomcrido in 
formlDg, wnen cooled, with aqueous H B, a crys¬ 
talline compound OjH,Cl,211^8 23aq (Forciand, 
A, Ch.[6328,25). 

«.Tetra-chloro.€tliane CILCLCClj. (135°) 
(Kegnault); 1,39® (Pierre. A.80,130); (130-5® i. 
V.) (Staedel, B. 16, 2663). S.G.s 1*6116 (P.); 
4* 1*676. Formed by chlorinating ethylene chlo¬ 
ride (Laurent, A. 22, 292) or CHCl.CHCli (R.). 
With NaOEt it gives CHCl:CCl(OEt) ami 
CHa(OEt).C 02 Na. H,S gives C,H.,C1,2H,S 23a(i. 

r-Tetra-chioro-ethane CHCI 2 .CHCI.,. Acetal- 
en* tetrachloride. (147° cor.). S.Q. ^ 1*614 
(P. a. P.); § 1*6807 (Kaconnikoff). 

Formation. —1. By passing acetylene into 
SbCl,, which slowly absorbs it and deposits 
C,H,SbCI„ the mixture of this body with SbClj 
18 then distilled (Berthelot a. Jungilcisch, C. R. 
79, 642f.—2. By passing acetylene into PCI,; 
ezpl<»ion often occurring (Sabanejeff, A. 216, 
262).—3. By heating ethylene chloride with the 
calculated quan^ty of PCI, for ten hours at 190° 
(Slson a. Gautier. C. R. 102, 1075).—4. From 
ui-ohloro-acetic aldehyde and PCI, (Paterno a. 
Pisati, 0. 1, 461; J. 1871, 608). 

Proj>erlie 5 .—Not affected by boiling water. 
Slowly decomposed af 360° giving HCl and 
bexa-chloro-benzeiie. 

Penta-chloro^tbane CHCl,.CCIv (158*0°) 
(Thorpe). S.O. J 1*70893. C.E. (0°-10®) 
•000949 ; (0°..100®] *0009944. S.V. U^. 

Foiinaiion.-^i. Fwm chlorine and EtC^ 
(Begnault, A. 33,821).—2. By chlorinating ethyl¬ 
ene chloride (Pier^ A. 80,130). « 

Prqwolicn.—P(31,(190g.) is gradually added 
to chloral (118^, boiled with inrerted condenser 
and distilled. uSe Mrtion distijiing below 170° 
is washed with water, dried with 0)^. atid recti¬ 
fied. The yield is small (Patem^ C. R. 68 , 
460; Thorpe, C. J. 87, 192,. 

iVoperlsM.—Liquid, solidifies iwlow -18°. 
Converted by alcoholic £08 into Kd and C 3 CI 4 . 
PCI, At 260^ gives C,CV 




(Lehmann, J. 1882, 369; 
w:ii,cr, sol. alcohol and ethli 
is led through a red-hot tuba C,CL is fonned. 

- Reactions. —1. Alcoholic wtam at 100° con. 
verts it into oxalic acid (Berthelot, A. 109,118). 
Solid potash at 200° does the samo (Geuther, A. 
111,174).—2. Boiling with NaOEt under pressure 
gives C,Cl,. OCl,:CCI(OEt), CHCl,.C{OEt)„ and 
CH 2 (OEt).CO.Na (Geuther a. Brockhoff). Zinc 
i and dilute H 2 SO 4 do the same. — 3. Finely 
! divided silver at 280° rfiso gives C^Cl^.—4. SO, 

I at 150° forms CCl;,.COCl and CQCl* (Prudhomme, 

I A. 156, 8-12 ; Armstrong, Pr. 18, 602).—6. 
forms C^Cl 4 , Al^Ci,, and iodine (Gustavson, B. 9, 
1607). • _ • 

CHLOBO-ETHANE Tlfft-CABBOXYLIC ACID. 
FAhyl ether (C 02 Et),.CCl.CH,(C 02 Et) 
(205°-215°) at 160 mm. Prom ethane tn-carbo- 
xylic ether and chlorine (Bischoff, A. 214, 46). 

Beactions.’-l. Btiling aqueous HCl forms 
fumaric acid.— 2. KOH and dilute alcohol form 
malic acid.—3. KOH and 97 p o. alcohol appear 
to form (CO,.Et)...C(OKt).CH,.CO.;Et. 

a-CHffOKO-ETHANE 8DLPHOK10 ACID 
d^.CHCl.SOHH. Its sodium salt A'Na is formed 
b^ieating etliylidene chlmido with solution of 
Na^SO, tit 14()°.« This salt forms plates, soL 
alcohol (Bunte, A. 1V(L 317). 

i 8 -Chl‘»ro-ctbaiie suiphonlo aoid« • 
CIl,Cl.CII,.SO,^i. • ^ ♦ 

Foi'nialion. —1. By the aoUoxt ol fumlnf 
HNO, on CK, 01 .CH 2 .SCy (Jafh*, J. w. [2] 20, 
353 ).—2. By boiling its chionde with water 
(Dittrich, pr. [2J 18 , 67 ; Kolbe, A. m, 88 ).— 
3. From (CH,CI.CHJ,S 2 and HNO| (l^pring a, 
liecrehicr, Bl. (2j 48 « 629 ). ® * - 

Properties. —Very dehquesc^t needles. Not 
decomposed by boiling water. Heated with am* 
monia in sealed tubes at 100 ° forms taurlns, 
CH,(Nnj)CHmH. # 

iiaUs.~(k HUbner, A. 223, 218; James, 
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/.Iir.i:*]36,882; aJ.48,41).-NH,A'.^NaA.'aq. 
U': needles, mad. alodhol.—UsA', eq IJL ).— 
BaA', 2s<]; needles (J.).—PbA', 2aq.—OuA', 3aq 
(H.).—CuA',Saq:ttioliniotabl6tB(J.).—ZnA',4aq 
jH.). — 2«A', Oaq ] pistes (J.). — MgA', 4aq.— 
SrA'j 2aq : needles.—MnA'. 4aq.—PeA'j 4aq.— 
NHeII,A': plates (from alcohol). < 

0^{ofi<le.-Crf,Cl.CILSOaCl •(200®-205®). 
From potassio isetHionatoVnd PCI, (Kolbe, A, 
I22‘f 8y. AIbql from SO-^Cl.CHj.CHj.SOjCl and 
PClj (K6nig8, S, 7,1163). It is orw of the pro- 
ducts of tho action of SO, on ethyl chloride 
(Purgold, 6.50^, Oil, smelling like mustard. 
Does not givv an amide with ammonia, or an 
etherVhen heated with alcohol. PCI, at 200° 
gires ethylene^hlgride. 

Dl<ehioro>etbane sulphode acid 
C;n,Cn,(S 04 H). From ethane sulphonic acid 
and ICl, (Spring a. Wiissingor, B, 15, 446). 
inverted by baryta into cjiloro-isethioiiio acid 
Cil£,Cl(OH)(SOaU). Ammonia at 100° gives 
chlorinated taurine. 

CHLOEO.ETHJlWYL.TRICARBOXYlIC ACID 

V, OHLOBO*ETnANR*TEICAnBOXrLIC ACID. 

CHLO^-RTHER v. CiiLoao-RTiiYL oxinn. 

CHLORO.ETHDimC ACID C,H,C10... A brown 
amorphous body formed by adding sodium to 
chloroform containing alcohol (Hardy, A. Ch. 
[81 66, 340). 

CHLORO*£TH7L>AO£TAMID£ v. CuLoao- 

ETHTLAMINE. 

wCHLORO-ETEftt ACETATE CH,.CHCl.OAc 
1 >, ALDEnVDB. 

luChloro-ethyl acetate Cn^Cl.CIH.OAo^t;. 

CeiiORo-XTBin ALOonoL. 

Other Chloro-othyl acetates r. Acetyl deriva¬ 
tives of the corresponding ciiLoao-ETinL alco- 

BOIiS. 

CHLORO-ETHYI-ACETO-ACETIC ETHER 
C,H„ClO, U. CII,Cl.CO.CHEt.COoEt (102-5° 
oor.). S.O. ^ 1*052. A product of action of 
PCI, on ethyl-acsto-aeetic ether (Isbert, A. 234, 
187 fc/ Conrad, A. 186, 211). Oil, smelling of 
peppermint. Sol. alcohol or cthrfr. With dilute 
HCl at 189° it gives mono-clilorinated methyl 
propyl ketone. Wilh^aOEt (1 mol.) in alcohol, 
it gives rise to ethoxy-cthyl-accto-acctio ether 
CH,(OEl).CO.CHEt.CO,Et (210° cor.). 8.0.« 
*957. Alcoholic KOH at 120° converts it into 
EtO.CH^CO.CHjEt. • 

Di*chloro>ethyl-aceto-acetic ether OgH^CljO,. 
(220°-225°). S.O. 1*183. I'ormed at the same 
time as the preceding. 

Cbloro-di-ethyl-aceto-acetlc ether 
CH,aCO.CEt,.CO.,Et. 8.0. 1*063. PCl^has 
no aotiop on di-othyl>aceto*acetio ether, evA at 
100°, but at a higher tenme^ature HCl, EtCl, 
ethyl-obloro-orotonic (chlpro-hexenoic) ether, dU 
eUiyl-cMoromceto-acetio ether, and di-ethyl-di* 
chloro>acoto*ffeett<f ethers are fomed. The pro* 
duct Jil^ freed ^om PCI, by distillation, is then 
poured into l^tor and mstille^ with steam 
(James, 0,J, 49, 50; A. 281, 235). DUthyl* 
phloro*Meto*aoetio ether is a D^nid, which is 
eonVeiftd treatment with sodium methylate 
hfeOHa: Into .OH,(OMe)sOO.CEVCO,Et and 
CB^Otf^.PO.WMeEt (181°). 8.0. au *855. 

&.8hiOFO.dfethyl*aeato-aoetie ether 
CHCVOO.CEt,.CO^t. 8.0. ^ 1-X55. One ol 
the prodocit A the action of PCI, on di*ethyl« 
iceto aostie ether. OUi with pleasant imeU* 


Miscible with alcohol and with ether. Converted 
by NaOMe into CH(OMe),.CO.CEt,.CO,Et (e. 
196°) and CH(OMe) 5 .CO.CHEt, (134°). 8.0. 

*880 (James, C. /. 49,57). 

«.CHL0R0.ETHYE AlCOHOL CH,.CHC1.0H. 

S """ lidene chlorhydrin. (25°) at 40mra. An un- 
3 body formed by combination of aldehyde 
with HCl>in the cold. It changes spontaneously 
into ‘ etHylidene oxy-chloride' or di-chloro-di- 
ethyl oxide (Hanriot, A. Ch. [5] 26,219), v.'Xldb- 
BTDB, vol. i. p. 104. 

Acetyl derivative CH 3 .CHCl.OAc. {12P6°, 
cor.). Formed by combination of aldehyde with 
acetyl chloride; v. ALnEHYOB, val. i. p. 105, 
where other alkoyl dcvivaiivt* are described. 

Methyl derivative Cllj.CHCl.OMc. ( 0 . 
74°^ ko. ^ *990. Formed by passing HCl 
into a well-cooled mixture of aldehyde (1 vol.) 
and methyl alcohfbl (1^ vols.) (Rubcncamp, A, 
225, 2C0). 

Ethyl derivative CH,.CHCl.OEt 9, 
CnLm^o-Di-irnYL oxidb. 

c!nloro.ethyl**alcohol 02 H 5 C 10 i.c. 

CH.,C1 CII-iOH. Glycol chlwhydrin, ^ol.w.SOj 
(128°-1.'11°). S.G. 2 1-2233. 

Formation.—1. By repeatedly saturating 
glycol with HCl and distilling the product 
(Wurtz, A. 110,125; c/. Schorleramer, C. J. 39, 
143). Besides tho pure product (128°) a fraction 
boiling at 106° is obtained; this fraction may be 
represented as (C^HjClOjjHCl 8 aq, and has 
S.Cr. 2 1-1926; by means of KOH (1 mol.) it 
may be decomposed with liberation of the pure 
chlorhydrin (Bouchardat, C. B. 100,462).—2. By 
heating glycol with S..C1, at 100° and extracting 
the pioduct with moist ether (Carius, A. 124, 
257); the yield is over 60 p.o. of the theoretical.— 
3. From ethylene and ClOH (Carius, A. 126, 
197; cf. Butlerow, A. 144,40).—4. From ethyl¬ 
ene oxide and HCl; the union is attended with 
disengagement of heat : (C,H,0,HC1) = 86,000 
(Bcrthelot, C. B. 93,185). 

Proj>erties. —Liquid, miscible with water. A 
mixture of glycol chlorhydrin (1 mol.) with water 
(4 mols.) solidifies at —17°. 

BeaciioTts, —1. Oxidised by ohromicjpnxture 
to chloro-acetic acid (Kriwaxin, 1871,265).— 
2. Reduced by sodium amalgam and water to 
alcohol (Louren<?o, A. 12f),92).—3. Converted by 
Mfoshinto ethylene oxide.—4f With COCl#in 
the cold, reacts thus: CH.d.CH 30 H+C 4 C 0 
=HCl-i-CH 2 Ci.CHj.O.COCl, forming the chloro* 
ethylic ether of ohloro-formio acid.— 6 . Heated 
with KjSOj and water ^180° it forms isethionio 
acid CH 30 H.CH,S 0 ,&-C. AmmtUa forms 
oxyethyl-amine CH^OH.CHjNH^ together with 
CH 30 H.CHr 0 . 0 H,.CHjNH, (Wurts, A. 114,61; 
121 , 22 f).—7. Trimethylamine in aqueous solu- 
tion forms neurine (Wurta, A. Suppl. 6,116, 
€ 97 ).—a. JXmeihylamim gives di-methyl-oxy- 
ethyl-amine CH, 5 H.CH 3 .NMe, (Ladenburg, B. 
14. 240^, tud C^0H.CH3.0.CHj.CHaNMe, 
(Motley, 0. /. 87,234). 

Nitroxyl derivative CH,Cl.CHyO.NO,p. 
Ohloro-eihyl nitrate. S.G. “ 

From CHi&C^OH, nitric acid, and H^SO,, or 
from OH.Cn.OH^r and alcoholic AgNO, (A. Ck. 
[4] 27,267 *, Henry, 0. B. 96,1062). OR. 

Aoetyl derivative CH,C1.0H|PAo. 
eMDraoefln. a 1*1788. JPormofioii.-* 

1.HOAo, and gaseotu Ed at 100* 
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(SimiwoB,i.lia,147)—2.FromCHjOn.CII,OAo 
knd UOl (Simpson, A. 113,116).—3. From glycol 
*nd AoOl in the cold (Loaccnoo, A. Oh. [8] 67, 
260 i 114, 128).-4. From chloro-ethyl alcohol 
GH^Ol.OHjOH and AcCl (Henry, B. 7, 70; De- 
Iscre, Bl. [2] 48,707), or Ao,0 at 110° (Ladenburg 
a. Demolo, B. 6, 1024). Pm^erltes.—Liquid; 
flonvertcd bysqueons potash into ethylcpe oxide. 

Chloro-aeetyl derivative . 
CH,a'OH,O.CO.CH,Cl. (198»). From chloro- 
ethyl alcohol and chloro-acetyl chloride (Delacre, 
Bl. [2] 48, 708), or from ethylene and C1,0 
(Mulder a. Bremer, B. 11, 1958). 
Di-chlornracetyl derivative 

OH. Cl.CHrO.CO.CHCl„(*ll''). S.a.lil'200 (D.). 
Tri-ehloro-atetyl derivative 

CH,C1.0H,O.CO.CC1,. (217°). S.G. « 1-251 (D.). 

Butyryl derivative CH^Cl.CHjO.CO.Pr. 
(190°). S.G. S 1-0854. From glycol, butyric 
acid, and gaseous HCl (Simpson, A. 113,119). 

Bentoyl derivative Cli,Cl.Cil,.OBz. 
(260°-270°)i. From glycol, bcnzoio^acid, and 
HCl at 100° (S.). • • 

va-DiMjUoro-ethyl-alcohol Cn,Cl.CHC1.0H. 
Acetyr derivative CHjCl.CHCl.OAc. 
(o, 168°), From acetyl-chloride and the hydrate of 
chloro-acetic aldehyde (Natterer, M. 3,453). Oil. 
An isomeride (147°) is formed by treating 
CCI,.CHC1.0Ao with Zn and HOAc (Curie a. 
MilUet, B. 9,1611). 

Dl. ohloro - ethyl alcohol CHCl,.CH.,.OH. 
(146° i.V.). S.G. 15 1-145. V.D. 3-93 (calc. 3-97) 
(Delacre, 0. B. 104, 1184). From di-cliloro- 
acetio aldehyde and ZnEt., the product being 
decomposed by water. Liquid, el. sol. water, 
sol. alcohol and ether. Beduces ammoniacal 
AgNO|. Does not dissolve CaCL. Fifming 
HNO, gives di-ohloro-acetio acid. Converted by 
PCI, into CHC1,.CH,C1 (115°), and by PBr, into 
CHCL.CH,Br (138°). 

Nitrozyl derivative CHCl.,.CH.,.NO,. 
Di^ehloro-ethyl nitrate. (156° i.V.). V.D. 5-56 
(calc. 6-53) (Do Lacte, O. B. 104,1180). From 
CHClrCH,OH by HNO, and H,80,. 

Acetyl derivative CHC4.CH,.OAc. Di- 
eklorehethyl acetate. (167° i.V.). V.D. 5-74 (c.alc. 
6-42). S.G. U1-104 (Delacre, C. B. 104, 1180). 
Chloro-aeetyl derivative 

OI, CH.CH,0,C.CH.,C1. (*16° cor.). S.G. J-'i 1-216. 
Prepared by acting with mono-chloro-acetyl 
ehlmde on m.chloro.ethyl alcohol on the water- 
bath until , no more hydrio chloride is evolved 
(Delacra,H{.[2] 48,708). 

Di-ehloro-aeetyl derivative 
Cl,0H.CH,O,C.CHCl_ •(223°). S.G. W 1-25. 
Formed by heating di-chloro-ethyl alcohol and 
di-chloro-acetyl-cfaloride together on the water- 
bath (Delacre). 

Tri-ehloro-aeetyl derivative* 
C1,CH.CH,0,O.CC1,. (M0°). Formed by the ao-J 
tion of tri-obloro-acetyl ohloride on di-chloro-' 
ethyl alcohol (Delacre).' , 

Tri>chlaro.«tbyl alcohol CCl,.CH,uH. [18°]. 
(16^. 8.G.« 1-560. . 

The sine salt JCCl,.CIHrO),2n is formed by 
the action of ZnEtfon ehlom; is decom¬ 
posed by water into Zn(OB), and tri-a-chloro- 
cthyl alcohol (OaisaroUi-TOumlackb, A. 210,63; 
Delacre, Bl, [2] 48,786), It is also formed, to¬ 
gether with glycntonio seid|P,E„0„ by treating 
nroehloralie acid with (Ulnte HCl (KiUz, Z. B- 


20,161). Jfygrescopio trimetrio tablet i *>1. 
water, v. sol. alcohol apd ether. HNO, forma 
tri-chloro-acetic acid. Beduces hot Fehling'a 
solution. , 

Acetyl derivative Cl,C.CH,OAo. (170°). 
8.G. Bl 1-189. Formed by dilating eOt gentle 
heat aqctyl cMoride and trichloro-ethyl alcohol. 

Clitoro-Otcetyl derivative 
Cl,C.CH,0,O.CH,c!. >220° cor.). S.G. “ 1-25. 
From crnoro-acetyl-omorido and tri-ohloro-ethyl 
alcohol (Delacre, Bl. [2] 48,710). a 
Di-ehlorv-aeetyl derivative 
C1,C.CH,0,C.CHC1- (231°) ah 767 mm. 8.O. 

1-267. From di-chloro-acetyl chloride and 
tri-chloro-ethyl alcohol. . 

Tri-chloro-acetyl derivative 
CI,C.CH,0,C.CC1,. [26°J. (236°)3 From trl. 
chloro-acetyl chloride and tri-chloro-ethyl aloo- 
hol. , 

oioa-Tri-chloro-ethyl alcohol, Aeetyl de¬ 
rivative CHClj.CHCl.OAo. (185°). Fr^ 
AcCl and di-chloro-acctio aldehyde (Delacre, 

[2] 48. 714). , 

DI - CELOBO - BTRYLAUIDO - ACETIC: 
ETHEE C.H„Cl,NO, i.e. NHEt.CCl,.CO,Et. 
[above 60°]. From NHEt.CO.COjEt and PCI, 
(Wallacb, A. 184, 76). Needles or prisms. 
Water regenerates NHEt.CO.CO,£t. Ammonia 
forms ethyl-oxamido. 

p ■ CHLOKO -TEIBA- ETHYL -p- DI - AMIDO- 
TEI-PKENYL-CABBINOL 
C,^l,Cl.C(OH):(C.H,.NEt,),»* [121°]. Largo 
glistening colourless tables. Formed by oxi¬ 
dation of its leuco-base, the condensation-pro- 
j duiS of diethylanilino andp-ehlorobenzaldehyde. 
Its zinc double chloride is a bluish-green dye¬ 
stuff (Kaeswurm, B. 19, 745). 

TBI-CHLOKO .p -ETHYL-AMIDO-PHEim- 
ETHYL ALCOHOL CCl,.CH(OH).C.H,.NHEt. 
[98°]. From chloral hydrate and ethyl-aniline. 
Crystals (from alcohol) .-a-B'HCl. • 

Nitrosamine CCl,.CH[OH),C,H,.NEt.NO 
[138°]. Crystals (Boesincck, B. 21,783). , 
Tri-chloro-di-ethyl-amido-phenyl ethyl alc». 
hoi CCl,.CH(ftH).C,II..NEt,. Yellow oil. Formed 
by adding 10 grms. of ZnCI, to a cold mixture of 
60 grms. of dicthylaniline and 20 grms. of 
chloral hydrate, and allowing to stand for 2 days 
at 40°. It ia decomposed by alkalis into 
chloroform and v-di-lthyl-amido-benzaldebyde. 
—BHCl: orystalline solid (Boessneck, B. 19, 
367). 

p. CHMEO -TETBA-ETHYL-n-DI-AHIDO. 
TEI-PHEHYL-METHANE 
C.aCl.CH(C.H,.NEyr [110°)- Obtained by 
bcaflng together dicthyl-anjline, p-ohloro-benz- 
aldehydet and ZifCL (Kaeswurm, B. 19, 744). 
Email oolonrless neeulgs. Bo), benzene, alcohol, 
and ether, inso^ water. On oxidathen itgives a 
bluish-green dyestuff. * • 


CHLOBO-ITHYL-AHINE J>,,a , 
amine, descriM under EraxirimHa. 

A-Chloro-athyl-amlne Cl.CHrCH,.NHr From 
vinylamine«nd cone. EClAq. Formed also by ' 
heating oxyethylphthalimide with.oono. BCl to- 
200° (Gabriel, B. ft, 678, • l«4§).-SaUl.— 
BHCL V. a. sol. alcohol, ethK and water.— 
Piorats.—B'C,H,I^, ^aq. Yellow needles, 
[143° anhydrous]. B'^PtCl, .Orange platssf 
V. sol. water, si, sol. aloahol. 
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flHIiOEO-ZimrtAKILINB 0,H„tlN U. 
!.H„NH.CH,.CH,C1. Formed bj the aotton o( 
iming HOI at 170° on the oompound <^H,NO, 
etived from.phenyl-carbamio acid (}.».)•— 
11101. [lip°] (Nemitowsky, /. pr. [2] 81,176). 

p.OhlorMthyl.aiftliiie [4:1] 0,H.01.NHEt. 
'romp-ohloto-aniline and EtBr. Liquid (9ol- 
lann, A. 71,148). * i 

p.Chloio.di-ethyl.aniUne\4:l] 0^,0I.NEtr 
'tom the pteoeding and HBr (H.). Liqiyd.'— 
I'APtOl, • 

£ao.CKL0B0-EIHTI.-BENZENS6 
i,H,OUOiH,). Thotthree oso-ohloro-ethyl-bene- 
nea are obtauted Bimultanoously by the action 
I Ojflj upon OjHjOl (500 g.), in presenee ol 
.1,01, (100 gr.). The mixture ie au oily liquid 
J.180n. S.O. ims. V.D.4-77. Very vola- 
ile, and ol agreeable odour. Sol. ligroin (1 vol.), 
IS„ 0H01„ and ether. S^. C,H, (2 vole.) and 
loohol (3 vole.). The proportion ol the three 
ionteridee is rongWy o;m!p=7:10:8. On 
xidation it gives a mixture ol the three chloro- 
enzoio aoida. HeAted with snlpharie acid it 
ives Bulphonio acids (Tstrati, d. Ch. [0] 6, 402; 
n. [2] 42,114). 

w-Chloro-ethyl-beniene 0H2C1.0H,.0,H, (?). 
0 .202°). Formed by chlorinating boiling cthyl- 
enzene (Fittig a. Kiesow, A, 166, 246; cf, 
Ichramm, M. 8,105). Split up by boiling into 
101 and styrene. Converted by alooholio KOy 
nto the nitrile ol /3-plionyl-propionio acid (?). 

a-Chtoro.etbyl-beMne GH,.CHC1.0,H,. 
194°). Formed by the action ol chlorine on 
ithyl-benzene in sunlight, and also on boiling 
ithyl-benzene (Schramm, Jf. 8,101). ForraeS 
dso by passing HGl into cold «.phenyl-ethyi 
.Icohol 0,H,.CH(0H).CH, (Engler a. Bethgo.B. 
', 1127). With benzene and A1,C1, it gives s-di- 
ihenyl.ethane (Ansohiltz, A, 235,829). 

Chloro.di4thyl-benzenes 0,11,01(0,H,),. A 
nixture ol ohloro-di-othyd-benzones is termed 
ly treating O.HilJl with 0,H, in presence ol 
Vl,01„ It is a mobile liHaid, with agreeable 
idour. (0.218°). S.O.21-036. VJ).6-65. Sol. 
igroin (in all proportions), C3„ -ether, and 
jHOU. Sol. benzene (>vols.), alcohol (7 vols.). 
)n oxidation, it gives rise to two ohioro-phthalio 
leids, and ohloro-ethylphenyl methyl ketone 
C,H.).0,H,.C1.C0.CH, (Istrati). 

Chloro-tri-ethyl-beiuenet 0,H;01(C,H-,),, A 
nixture ol these substances is obtained by oon- 
unuing the passage ol ethylene into ohloro- 
lenzene in presence ol A1,C1,. Mobile liquid. 
(248°). V.D. 6-87. Sol. Jin all proilortions) 
sther, petroleum other, Cs„ and CHOlr Sol. 
benzene (3^ vols.), and alcohol (30 vols.). 9n 
oxidation with permanganate iti^ves alri-car. 
boxylio acid, having an insed. Ba salt (Istrati, 
i. Ch. [616, <26). * 

6bl#K:tetc%ethyl-benzenetC,SCl(C,BJ,. A 
nixtnqKl isomerides ol this oom^ition is 
Iormod^;P thojlufther action ol upon 
0,H,cr'm presence ol Al,01r Liquid. 8.0. 
« 1-022. (o. 271). V.D. 7-17. V. sol. ether, 
ligroin, OS„ and CHOI, Sol. bonzeue (4 vols.) 
and 90 p.o. lUo^al (26 vols.),(Istrati). 

Chloro-penta* ethyl-bonsene 0,01(0,HJ, 
Formed by the ptolonged action ol 0,H, upon 
0,H,01 in pnssnoa ol ALOl. The yield is not 
HoUls Umiid. &0. a 1-065. (e. 292°). 
W.8-48. V.ioLatfiet, ligroin, C8« and oaoi,. 


Sol. benzene (5.) vols.) and 90 p.c. alcohol (82 
vols.) (Istrati, A. Oh. [6] 6,428). 

Oi-oblorc-etliyl-bonzene 0,H,0I,(G,H,) [1:4:2]. 
S.O. a 1-239. (218°). V.D. 6-24. Formed by 
the action ol 0,H, upon 0,H,C1, [1:4] in pre¬ 
sence ol Al,01„ at 12S°-150° (Istrati, A. Ch. [6] 

6, 476), Liquid. Sol. benzene (3 vols.) and 
90 p.c. aleciiol (9 vols.). Yields a di-chloro-ben- 
zoic acid qn oxidation. 

„».Dl-obloro-ethyl-bonzen6 C,H,.CH,.CCI,H. 
Phmyl-di.chlaro-iithan». Formed by the action 
of PCI, on phenyl-acetic aldehyde (Forrer, B. 17, 
382). Heavy colourless liquid. Volatile with 
steam. By boiling with water it Jp converted 
into w-ohloro-styrene. •, • 

ac-Di-chlorc-di-ethyl-benzeits 0,H,.CC1,.CH,. 
Acelo^hmom chloride. From acetophenone and 
POl, in the cold (Friedol, Bl. 1, 7; Ladenburj, 
A. 217,105). Beadily splits off HOI. 

ua-Bi-chicro-di-cthyl-benzene 
0,H,.CHC1.0H,0L Styrene dichloride. From 
styrene and tilhlorine (Blyth a. Hofmann, A. 53, 
309). Itecomposedqin distillation. Alcoholic EOH 
gives 0,HjCH:CHCl. * 

Bi-chloro-di-ethyl.benzeue C.H,Cl,(c,H,), A 
mixtureof di-chloro-di-ethyl-bcnzenesisobtained 
by treating p-di-chlor-benzene with GjH, in pre¬ 
sence of A1,C1,. Liquid. S.G. a 1-179. (o. 247°). 
V.D. 7-17. Sol. benzene (4 vols.) and alcohol 
(16 vols.) (Istrati, A. Ch. [6] 6, 482). 

Bi-chlor-tri-etbyl-benzene 0,HCI-(C,H,), 
[1:4:3:5:0]. S.G. a 1-131. (o. 278°). V.D. 8-77 
(calc. 7-99). Formed by the action of 0,H, upon 
p-di-chlor-benzenc in presence of Al,0l, (Istrati). 
Liquid. Sol. benzene (5 vols ), alcohol (80 vols.). 
UNO, gives 0,(N0,)C1..(C,H,),. [20°]. (312°). 
H,SO, Jves 0.(S0,H).C1,.(C.,H,),. 

Bi-eblcro-tetra-ethyl-benzene 0,0I,(0,H,), 
S.O. a 1-129. (296°). V.D. 9-26 (calc. 8-96). Pre¬ 
pared by the action of O .H, uponp-di-ohloro-bon- 
zene in presence of Al,Cl,. Liquid. Sol. 90p.o. 
alcohol (46 vols.) and benzene (6 vols.) (Istrati, 
A. Ch. [6] 6,485). 

Tri-ohloro-ethyl-beuzens 0,H,GI,(C,H,). A 
mixture of those bodies is formed by treating 
CaHgCI, [1:2:4] with C,H, in prosenco of^1,01, 
(Istrati, A. Oil. [6] 0,490). Liquid. S.G. a 1-389. 
(244°). V.D. 7-24. Sol. benzene (SJ vols.) and 
alcohol (17 vols.). • 

Tri.chloro-4i-ethyl-bonzene05HCl,(0,H,),.* 
mixture of these bodies is obtained by treating 
0,H,C1, [1:2:4] with 0,H, in presence of Al,Clr 
Liquid, greases paper. S.G. ai-305. (269°). V.D. 
8-37. Sal. benzene (5 vols.) and alcohol (26 vols.). 

Tri^hloro-trl-ethyl-benioao 0,01,(C-HJ, 
S.O. a 1-210. (291°). V.D. sp (calc. 8-19). 
Prepared by passing 0.,H, into a mixture ol 
A1,C1, ai^ 0,H,01, [1:2:4]. Oil. Sol. benzene 
(5 ToU.) and alcohol (41 vols,). 

• Tetra-ehloto-ethyl-benleae 0,H01,(0A). 
S.Q. a 1-648. ( 0 . 272°). V.D. 7 99 (calc. 8-47). 
Formed byweating 0,H,G1, [1:3:4:5] with 0.,H, 
in presence of iUiOl,. Yellowish liquid. Sol. 
benzene (64 voliTand 90 p.o. alcohol (16 vols.). 
HNO, gives Jt nltroAerirftive [80°] (Istrati 
A.C;t.L6]8,A7). 

cuwa-Tetra-cblero-ethyLbensene 
0H04.CCUC.^ From di-ohloro-styrsna and 
01 (DycketW.B. 14638). Liquid. On distil 
h^on U apUts up into Hul and CK)lrOCILQ,Br 
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Tetra-ebloro di-ethyl-beszena 0,01, 
[1:8;4:5:2;6]. «.0. ^ 1-431. [46°]. (290°). V.D. 
8-44 (o»lo. 9-07). Formed by treating «-tetra- 
ohloro-benzene with ethylene and AI,CI,. Prisma 
(from a i^iiitare of alcohol and benzene). Sol. 
benzene (7 rola.) and 90 p.o. alcohol (40 toU.) 
(latrati, A. Ch. [6] 6,600). 

Penta-ohlorb.ethyl.benzene 0,01,(C,H,). [86’]. 
(0.217°). S.0.1* 1-720. V.D. 9-67 (otic. 9-29). 
Prepateo by submitting 0,HC1„ in preaenee of 
CjH„ to thd influence of AljCl,. The yield is 
* small. HCl gas faoilitates the reaction and gives 
a better yield. White crystals (from alcohol 
with benzenS)-.- V. sol. ^thor, CHC1„ ligroin and 
OSr Sol. benzene (9*vol3.) and 90 p.e. alcohol 
(108 vols.). On oxidation with permanganate 
it gives 0,C1,.C0,H, which immediately loses 
CO, forming 0,HC1, (Istrati. A. Ch. [6] 6, 50-2). 

OHlOBO-ETHYt-BENZENE STOPHONIO 
ACID O.H,C1(C,H,).(SO,H). Formed by heating 
the mixture of ohloro-ethyl-benzenfs with H,SO, 
at 180°. The product uppers to oon^st of 
several isomerides (Istrati, A. Oh. [6] 6,411). 

£so-OtLOEO.EIHtL-BENZOIO ACID 
C,H,(C,H,)C1.C0.H. [116°]. Formed by fusing 
the ketone C,h;c 1.(0,H,).C0.CH, with KOH. 
White solid; tnsol. water; begins to sublime at 
100°.—BaA',; small crystals; insol. cold water 
(Istrati, A. Ch. [6] 6, 424). 

CHIOEO-ETHYL CAEBAMATE 
NH,C0,C,H,C1. [116°](a); [7G°] (N.). Formed 
by the a’etion of chloro-ethyl-alcohol (glycol 
ehlorbydrin) on chloro-formamide (Gattermann, 
A. 244, 41) -, and of C1CH,.CH..0.C0C1 on am- 
monia (Nemirowsky, J. fr. [2] 31,174). Colour¬ 
less, strongly refractive plates. Insol. cold, m. sol. 
hot water. 

TETBA-CHIOHO-DI-EIHYL OAEBONAIE 
(C,H,C1J,C0, Obtained by passing chlorine 
into carbonic ether in diffused daylight, ulti¬ 


mately at 80° (Cahours, A. Ch. [3] 9, 201). 
Heavy oil, decomposed by heat. 

Per-chloro-di-etbyl carbonate (C,C10,CO,. 
[86°]. Formed by ohlorinating the preceding in 
direct sunshine (Malagnti, A. Ch. [3] 16, 30), 
Mass 8f needles. Distils with partial decompo¬ 
sition into CO,, 0,01,, and CC1,.C0C1. Solution 
in alcohol converts it Into earbonio andtri-ohloro- 
^tic ethers. - Aqueous KOH gives potassium 
mmate, carbmate, and chioridc. Gaseous or 
aqueous ammonia forms tii-chloco-acetamide 
(Oerhsrdt, Traiti, 1, ICC) and a substance melt¬ 
ing at 37°. _ 

CHIOBO-ETEYIedSOTOHIO ACID 0,H,GI0,. 
Chloro-hexemie acid. [49-6°]. (215°). S. -2 

at 1°; -33 at IIS’. Formed, together with ohloro- 
and di-chloro^Uiyl-aceto-acetlc ether by the 
action of PCI, upon ethyl-aceto-aoetic ether. 
Neales (from alcohol or ether). Unpleasant, 
pungent odour flUberfl A. 234,188; c/.DemarqAy, 
B. 10,1177). Hot ledncod by sodium amalgam. 

Salts. — HaA' deliquescent BaA', — 
CaA'jflaq. S. 12 at 19°. Prisms.—AgA'. 

Ethyl tlhtriU.’. (iaif>). 

CHLOXO-EIBVi CYAHIDS e. Eilrih o/ 
OmdBornorioino aom. * 

CHBOBO-EIEnEHBI C,H,01 it. CH,:CHCL 
Viityl tMoridt. J-16°). V.D. 2-17. aF.p. 
-1880 (ITt). HJF.t. ^2400, Formed by 
the action of aloohoUo KdH on ethylene chloride 
OB,C!LOH,Cll (BegaMitt, A. U, 28), or on ethyl- 


« 

idene chloride CHj.CHCl, [Wurts a, FranoUl, A*, 
108, 224). It is a gasivhich polymerises in sun¬ 
shine, changing to an amorphous mass, S.Q. 
1-41, which molts and turns black at 130° (Bau¬ 
mann, A. 1C3, 817). Amnunia haseuo action 
on ohioro-ethylene below 100°, but at 100° it 
forms ethylene diamine C^NH,.0H,HH, (118°) 
(Kngel, £l.t2] 48, 94). Chlorine unites with 
GH,:CHC1 in sunshine. 

u-Si-chlorc-ethyUne CH.,;CCL. (86°). B.Q. . 
IS 1-260. V^. 3-32 (oalc. 8-36). Formed by the 
action of alcoholic KOH on J9H,C1.CHCI, (Keg- * 
nault, J. pr. 18, 80 -, Kramer, B. 8, 261), on 
CH,Br.CHCl„oron di-ohloro-iodo-bthano (Henry, 
C.B.97,1491; 98,518). Liquid, with alliaceous 
odour; changes spontaneous igto a crystalline 
isomeride. Chlorine in daylight followed by 
sunshine gives C3CI,; direct sunshine gives 0 
and HCl. Does not Aaot with KI. 


s-Di-chloro-ethjiiene CHChCHCl. Acetylene 
dichloride. Mol. w. 97. (65°). Form'eT’by 

passing acetylene into cool jibCl,, the resulting 
crystalline compound 0,H33hCl, being decom¬ 
posed by water (Berthelot a. Jungfleisch, A. Ch. 
[4)26,472; bntc/.Sabanejofl,A.216,262). From 
CllClBr.CHClBr and zinc in alcoholic solution 
( 8 .). 

Tri-chloro-ethylene CHChCCIy (88°). From 
either tetra-chloro-ethane by treatment with alco¬ 
holic KOH (Berthelot a. Jungfleisch, C. B. 79, 
642; A. Suppl 7, 265). •horn C,C1„ zinc, and 
dilute HjSO, (B. Fischer, Z. 1864, 268). Also 
from chloral and P,S, at 170° (Paternh a. Oglia- 
18ro, B. 7, 81). With alcoholio KOH it gives 
CjHCl,.OEt Aqueous or alcoholic NH, forma 
C,H,CI, (37°) (Engel, 0. B. 104,1621). Sodium 
forms acetylene, ethylene, 0,HC1„ and hydro¬ 
gen (Brunner a. Brandenburg, B. 10,1496; 11, 
61). 

letra-ehlcro-ethyltne C,CI, is. CGIjtCCI]. 
(121°) (S.) -, (125°) (a). S.G*!p 1-6312 (Schiff, 
A. 220, 97)-„°f 1-6190. V.D. 5-82 (calc. 6-76)- 
C.E. (9-4° to 120°) -001147. 1-61§. K» 49-06 

(Briihl). S.V. 114-18.e at’.p. -1150 (Th.). 
H-F.t. —1730. Discovered by Faraday {T. 
1821,47) by subjecting C,C1, to a rod heat either 
alone or in presence of H. Formed also by treat¬ 
ing C,C1, with alcoholic KHS (Begnault, A. Ch. 
[2] 70,104 : 81, 372), with water and granulated 
zino (Geuther, A. 107, 212), with alcohol and 
zinc filings, or with aniline (Bouigoin, Bl. [2] 
23,344)1 Formed also by the action of AlgCl, on 
chloral (Combes, A. Ch. [6] 12, 2,98). Obtained, 
tdSetber withCCl,, by heating per'-chloro-ptopane 
at 3002 (Krafft«. Merz, B. 8, 1300). 


BeaeUoni.—l.'Br<mme forms in sunshine 
crystals of (iCll4Bt,.—2. Dry chijrin^Mmbinea 
in sunshins%ormihg 0]Clp—8.# OAkWne-icater 
gives tri-ohloro-acetio acid (Kolbc, A. Ad, 181).— 
4. Dry oztAm has no actiontvtp at 120° (Demote 
a. Dte. B. 11, 1302).—6. Potaah-fumm givee 
potasainm oxalate and hydrogen (Geuther, A. 
Ill, IW). — 6. NaOEt at 120° givei 
CHCl,C(OEt)„ OgCVCOjEt. OH{OEt)-CaNa 
and COLiOaOBt (Geuther, A1864,816; f.pr. 
P] 7,108).—7. SO, at 160° ^ee 001,.COC1. 

OHIOBO-ETHTLEHE OXIDE O,H,0LO 
(89°-.92°). Formed by heatinfohloeo-iodo-etlwl 
cue OHOhOHI, with water (60 vuls.) at U0° in 
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S days {SabanejefE, A. 216, 268).* Lignid. BI. 
jol. water. • 

CHLOBO-ETHYIENE CHLORIDE v. Tm- 

OEI^BO'BSHANB. 

Ci^^OBO'ETOTI ETHER v. CHLORO-Di-KiriTL 

OZIDS. 

TEI-CHLORO-ETHYIIDENE-^CET(V-ACETIC 

ETHER V, ACKT9-ACBTI0 ACID. • 

T£l-CHLOBO-£THY\ID£N£ DIAMINE. 

• Acetyl derivative CCl 5 .CJt(NHAo)y 
Formed b;^ heating chloral with aceto-nitrile 
{Hiibner, Z. 1871, 712; Hepp, B. 10, 1651), 
the equation bling : CClj.CHO + 2 CH 3 CN +11.0 
ssCClj.C^NH.CO.CHj);^. Needles (from glacial 
Bcetio acid). Sol. water and alcohol. Sublimes 
without melting. 

Benzoyl ^derivative CCIi.CH(NIIBz) 2 . 
[267®]. From chloral, benzonitrile, and 00110 . 
ILSO.. Needles; V. si* 80 I. ether. 

CHLOBO-ETHYLIDENE-ANILINE 
.C8H,NC1 U. Ca^ChCHiNCA. [13G°]. 

Reparation. — Di • chloro - di • ethyl oxide' 
CHjOl.CHCl.Olt (1 mol.) is warmed with aniline 
(2 mole.) in the presence of water. A white 
powder [87®] is formed, which becomes red [166®] 
when driod. 

Properties.—Bodi brown powder. Sol. alco¬ 
hol ; it may be a polymerido of the white com¬ 
pound. 

Reactions, —1. HNO.^ produces a yellowish 
groy amorphous body which gives a blue colour 
with phenol andMbnc. 2. Warmed with 

aniline it forms phonylamido-ethylideue aniline 
C,HjN;CH.CH..N 11 C 6 H 5 [104®] which yields in¬ 
dole on heating (Berlincrblau a. Polikiev,*jlf. 8 , 
187-180). 

CHLORO - ETHYLIDENE DI - CARBAMIC 
ETHER CJI.jOlNjO^ i.e. CH. 2 ClCH{NH.C 02 Et) 2 . 
[147®]. Formed by the action of chlorine on a 
stro^ solution of HCN in alcohol; and also by 
ridding cone. aqueous*HCl to a solution of car- 
bamio ether ^n ohloro-acetal ClLC!.CH(OEt )2 
(£i8cboff,B.5,81; 7,(f30). Formed also by chlo¬ 
rinating ethylidene di-carbamic ether (Schmid, 
J. pr. [^] 24, 122). Needles (fiom dilute alco¬ 
hol). V. sol. ether %,nd alcohol. 

Di-chloro-etbylidene di-carbamic other 
CHCVCHINH.COjEt),. [122®]. Formed by 
passing Cl into an alcoholic solution of UgCy, 
(Stenhouse, A. 33, 92; BisoholT, B. 5,82). Also 
by passing chlorine into carbamic ether at 90® 
(Schmid, J. pr. [2] 24, 120). Long needles; v. 
sol. alcohol and ether. 

XRI - CHLOBO-ETHYIIDENE-TRI-CHLORO- 
LACTATE V. Chloralide. 

CHLOEO-ETHYLIDENE OLYCOL, der^atives 
of, V. Culobo-aldbhtdb. • * 

TRI - CHLORO - ETETYLIDENE - MALONIC 

ACII^C01,.CH:C(C0.2H5r 

BthylaethBr Et^\ (160®-164®) at23mnn 
Profn chloral, malonio etner and Ao-^O at 160® 
(0. M. Thorihgbn,A. 218,169). * 

TRI - CHLORO - ETHYLIDENE-DI-PHENYL- 
DIAMINE V. TBI-CUIiOBO-Dl-PHENYL-KTHYUnENli:. 
niAHIKB. • 

TRI.CHLOEO-ETHYJ.IDENE.QDINALDINE 

V. (py. 8).Qcfcl0LYi:,-ACnTLO.TKI-CUL01UDB. 

CHLORO • ETHYLIDENE - p - TOLUIDINE 
0,H„N0l ♦.«. CH,.C,U,.N.CH.0H2C1. [ 68 ®]. 

Prepared bjk decomposing di - chloro - ether 
GH,01.CHG1.0Et with water, and adding p- 
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toluidine. Sol. alcohol and ether; forms with 
aniline or toluidine a compound free from chlor¬ 
ine. Heated with aniline it yields indole (£er- 
linerblau a. Polikiev, M. 8,190,191). 

DICHLORO-ETHYLIDENE-DREA 
CO(NH) 2 CH.CHCl 2 . From di-ohloro-acotic alde¬ 
hyde and urea (Sohiff, A. 161,186). Neeles. 

Tid-chloro-ethylidene-di-ureaC^HjClsN^Oji-e. 
CClj.pH(Nn.CO.NHj) 3 . Is the chief product of 
the reaction of ohloral-cyanhydrin wfth urea. 
White needles. Insol. ordinary solvents (Pinner a, 
Lifschutz. B. 20,2346). 

GHLORO-ETHYL-MALONIC ETHER 
C^Hs.CCl.iCO^Et)^ ^28®). S^. i-n. Liquid. 
Prepared by passinjf CU iirto ethyl-malonic ether 
(Conrad, B. 14, 618). saponification with 
lAryta-watcr it gives cthyl-tartronic acid* 
DI-CHLORO-ETHYL MERCAPTAN 
CHjCI.CH,..SClt?). S.G. i-*- 1’408. Said to be 
formed from ethylene and SCI» (Guthrie, A, 
113, 275). Pungent oil, si. sol. ether. 

CHL6R0-DI.ETHYL OXIDE 0,H.C10 U 
CfIj.OHCl.OBt. Aldehyde ethylo-chlorlde. Mol. 
w. 108^. (98®). « 

Fomuition. —1, The first product of the ac¬ 
tion of chlorine on ether (Lieben, A. Ill, 121; 
146,180; Abeljanz, A. 164,197; Jacobsen, B. 4, 
215).—2. By the action of HCl on an alcoholic 
solution of aldehyde (Wurtz a. Frapolli, A. 108, 
226; Glaus a. Trainer, B. 19, 3004).—3. By 



of aldeliyde with EtCl. 


Reactions. —1. NaOEt gives acetal.—^2. Cone. 
H 2 SO 4 gives E tHSO,, aldehyde and HGl.—3. Gold 
water forms aldehyde, alcohol, and HGl. Water 
at 80° gives aldehyde (Lautsch, A. 218,36). 
Alkalis act in the same way. Cold alcohol has 
no action, but at 80® aldehyde and EtGl are 
formed.—4. Decomposes on keeping into HOI 
and a liqnid boiling at 76®. 

0 ) - Chloro-di-ethyl oxide CH 3 Cl.CH 2 .OEt. 
(108®). S.G. 2 1’0572. V.D. 8-73 (calo. 3-74). 
From iodo-di-ethyl oxide by the action of Cl, of 
SbClj, or of 101 in presence of water (Henry, 
C.R. 100,1007)* li is not affected hj ught or 
by water. 

wa-Di-chloro-dl-ethyl oxide CHjGl.CHOl.OEt. 
( 0 . 143°). S.G. 22 i-i74. V.D. 4*93. Obtained 
by the action of chlorine <xi ether belogr 30® 
(Lieben, A. Ill, 121; 123,130; 133, 287; 141, 
236; 146,180; 160,87; Abeljanz, A, 164, 197; 
cf. D’Arcet, A. 28, 82; Begnault, A. Ch. [2] 71, 
392; Malaguti, A. C\ [2] 70, 338; [3] 16,6,19). 
Formed also, together with the preceding, by 
passing HCl into a mixture of aldehyde and al¬ 
cohol (Natterer, M. 6 , 496)1 Also from vinyl- 
ethyl oxide CH 2 :CH.O.Et and Cl. 

lieactions.—l. Water at 120® gives the com¬ 
pound CHjOl.OH(OH) (DEt), together with ohloro- 
aoetio aldehyde, glyconio aldehyde, alcohol and 
HCl.—0. Cone. HjSO, produces EtH80« ohloro- 
acetio aldehyde, and HCl.— 8 . With oono. 
potash it farms chloro-aldebyde alcoholate 
and its anhydride, and. also‘oxychloro-ether,’ 
CH. 30 H.CH 2 Cl 0 Et (151®-166°). This latter 
body is split up by cone. H^SO, into HCl, tdoo- 
liol and glycollio aldehyde (?), CH^OH.CHO.— 
4. NaOEt gives chloro-aoetal OH,GLGH(OEt). 
and CE 3 (OEt).iH(OEt) 2 .- 6 . AgOAo givei 
CH 2 Cl.CH(aEt)( 0 Ac} (Bauer, A, 134, 176).— 
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6 . Dry metallie iino aots vigorously, producing 
HCl, ZnCl^ Et01,itcohol, OH,Oi.GHO, and a oo&> 
decsatioQ product of the alooholate of the latter, 
OJE„Cl,Oa OVislicenus, A, 226,271).—7. Zine in 
presence of water produces aldehyde, EtjO, 
alcohol and ohloro aldehyde, besides small 
quantities of orotonio-aldehyde, chloro-acetal, 
j§-oxy-chloro* ether (OHjOH.CHCLOEtl and 
(CHjCl.CH(OEt))iO (W.).- 8 . In etherea? sola- 
tion wi^ ZnEt;{ it forms CH,Cl.CH£(^.OEt, 
* ethyl chloro-ether' (ethyl ohloro-butyl oxide). 
9. Excess of ZnEtj gives ethyl hexyl-ether, 
CHjEt.CHEt.OEt.—10. With ZnMe, it gives 
CHjCl.CHMe.OEt, m. ethyl chloro-isopropyl 
ether. —11. DHHloro-di-^thyl oxide (26 g.) 
heated with aniUna. (50^.) and water forms 
indole (Berlinerblau, M. 8 , 180).— 12 . Pliev^l 
forms GjHj(C,H 40 H}, (WisHoenus a. Beinhardt, 
A. 243,151).—18. {a)-Naphthol forms amorphous 
0 ^i(C,oH,OH),. ( 8 )-naphthol gives crystalline 
plates of Oj^i.ClO [174®] (Wislicenus a. Zwan- 
eiger, A. 243,165).—14. Resorcint Pyn^.atechin, 
and Eydroquinone form compounds of the fopu 
CjH,(C«H,OjH 2)3 (Wislicenus a. Siegfried, A, 243, 
171).—15. TKiourea forms thiazoline (Hantsch 
a. Traumann, B. 21,938). 

Di.ohloro4i-ethyl oxide (GH,.CHC1).0. 
EthyUdene oxychloride. (117®). 8 .G. ilin iSC. 
VD. 6‘08 (calc. 4*95). From dry aldehyde 
cooled by a freezing mixture by passing dry HCl 
into it. The product is dried with CaCl. and 
distilled (Lioben, C. B. 46, 6G2; Eessel, A. 175, 
44; 176, 44; Geuther, A. 218,16). 

Reactions. —1. Water on warming decom¬ 
poses it into HCl and aldehyde.—2. Alcohol forma 
cbloro-diethyl oxide (CHj.CHCi )20 + 2H0Et 
-2CH,.CHCl(OEt) + HjO.-3. NaOEt converts 
it (in ethereal solution) into aldehyde-resin, 
acetal, and alcohol.—4. Alcoholic sodium ethyl¬ 
ate forms, besides the same products, a liquid 
jCH,CH.OEt)jO (163® cor.) S.G. Ai -891. This 
IS sparingly sol. water. It decomposes in a few 
days into acetal and aldehyde: (CH,CH. 0 Et )20 
« CH,.CH(OEt)j CHj.CHO.—5. Dry NaOEt 
mve 8 0 Hj.CH( 0 Et). 0 .CHCl.CH 2 (146®), a liquid, 
decomposed by hot water (Hanriot, A. Ch. [ 6 ] 
25, 223).-a 6. MeOH and NaOMe form similarly 
(C^CH.OMe)jO (126®-127®). S.G. 11? -OSS. 
This also baa an aromatic smell and splits up 
like the foregoing, though^more slowly, into di- 
met^l acetal and^aldehyde.-—7. Sodium sweei- 
ftafe gives 0 (CHMe. 0 C 0 ) 2 C 2 H 4 (Geuther, A. 226, 
228).—8. Zinc ethyl p^uces di-butyl oxido 
(CHvCHEt),0. 

Tri-cbloro-di-ethyl oxide CHClj.CHCI.OEt. 
(167®) (G.); (168®) (K.). From chloro-vinyl 
ethyl oxide and CJ (Godefroy, C. R. 102, 869). 
Also from di-chloro-acetal and PClj (Krey, J. 
1876, 475). Occurs in the product of chlorina¬ 
tion of ether. Fuming liquid ; with NaOEt it 
give 8 CHClj.CH(OEt),. Ctnc.aqueous KOH gives 
OCl,:CH.OEt (146®). 

Tetra-chloro-di-ethyl oxide CCI,.CHOI.OEt. 
Mol. W.212. (190®) (P. a. P.); (c. 183®) (G.). 
8.G.2 1437; 1-418. 

Fonnation.~-\. From chlorine and ether at 
90® in the dark.—2. From chloral ^Icoholate 
and PCI, (Henry, B, 4, 101, 435; Patom 6 a. 
Pisati, /. 1872, 803; Q. 2, 833).-3. From di- 
chloro-vinyl ethyl oxide OClj|Cfi.OEt and ohlo* 
tine (Godefroy, 0. i?. 102, 860, 


Reactionsi^l. Cone. H^SO^ gives chlor^ 
HGl, and alcohol.—2. Heated with alcohol it 
gives tri-ohloro-acetal CCi^CH(OEt) 2 .—3. With 
dilute (10 p.o.) alcoholicpo^k it gives trichloro- 
vinyl-ethyl oxide CCljtCCLO.Et.—4. HjS gives 
C^H^SjO [123®] and C^H^CL^SO ^72®] (Mdlaguti, 

A. 32. 29). r 

Pentfi-ohloro-di-ethyl oxide CCl,.CClj.OEt. 
( 100 ®- 210 ®). KG. 1M.J 

Formation, —l.Thelmal product of the action 
of cbloriift on ether in the dark (^cobsen, B. 
4, 217).—2. Fro^ CCl 2 :CCI.OEt and Cl (Busch, 

B. 11, 445). It IS partly decomposed on boiling. 
Penta-chloro-dl-etbyl oxide * 

CCI 3 .CHCI.O.CH 2 .CH 2 CI. (235®). S.G. s : 1*577. 
From PCI, and CCI,.CH(OH).O.CH 2 .CH 2 Ci; a 
compound of chloral and glycqlio fhlorhydriq 
(Henry, J5.7.763). 

Hexa-cbloro-di-ethyl oxide (CHCUCHCII^O. 
{250 ). From PCI, and tfce hydrochloride of di- 
chloro-aldehyde (Patern 6 a. Pisati, G. 1, 461). 

Octo-chloro-di-ethyl oxide C^HjClgO. Formed* 
by the action of Cl on aldehyd^ hydrochloride 
in sunlight. 

Crystals, smelling like camphor, may be sub 
limed (Roth, B. 8,1017). 

Per-chloro-di ethyl oxide C,C1„0. [69®]. S.G. 
A51-900. Formed by the action of chlorine in sun¬ 
light on ether (Begnault, A. 34, 27; Malaguti, 
A. Ch. [3j 16, 4). Dimetric octahedra (Nicklcs, 
A. Ch. [3] 22, 28). Splits up on heating into 
GjCl, and trichloro-acetyl chicle. 

CHIOEO-ETHYL-OXY-TOfimaUINOLINE v. 

ClllX>ftO-OXT-METBTL-BTHyi#-qUlNOI.INB. 

o-t CHLOBO - DI - ETHYL - DI - PHENYL- 
ETHANE C„Hj,Cl i.e. CHj01.CH{C,H,Et),. 
i (c.268®). From ethyl-benzene, CHjCl.CHCl.OEt, 

; and 11,80, (Hepp, B. 7,1414). On distillation 
it gives HCl anrt C,„H.,o. 

: A’.^o-CHLOBO-ETHYL-PHENYL METHYL 

' KETONE C„HjEt 01 .C 0 .CH 3 . Formed, together 
I with the two chloro-phthalic acids, by oxidising 
chloro-di-ethyl-benzene yrith chromic mixture 
(Iscrati, A. Ch. [ 6 ] 6,421). Liquid; not attacked 
by boiling alcoholic KOH, but converted into 
ohloro-ethyl-beuzoic acid by notash-fusfon. 

CHLOBO - TETBA - ETHlft.. PH08PH0NIDM 
CHLOBIDE (ClCHj.CHj)PEt,Cl. From PEt, and 
ethylene chloride in cold (Hofmann, A. 
Suppl. 1, 276). Needles. Moist AgjO converts 
it into an oxy-ethyl baseCH 3 (OH).CH^.PEt,OH. 

I Salt.—(C,H,Cl.PEt,Cl).;PtCl 4 . Orange needles. 
CHLOBO-ETHYL-PROPYL-GLYOXALINE 
CjHjjClNj. , Chlor-oxal-propyline (236® cor.). 
! V.D. = 6-66 (obs.). S.G. A* 1-09. From di-propyl 
I oxamide by PCI,. Oil. V. si. sol. water, miscible 
; with aicohol, ether,or CHOI,.cOnreductionwith 
! HI it gives* ethyl-pfopyl-glyoxaline (Wallach a. 
i Schulze, B. 13, 616; 14.<i23; A. 214, 312). 

! S alts .-(B'^pi)jPtCI,. —B^L-B^pOj: 

fieedles. 

{Py. 3, 2)-CHi-0B0-ETHYL.ftBH[0LINE 
XH«C(CjH.) 

C„H„CIN U, C 3 H/ 1 . [73®]. 

• ^N »CC1 

Prepared by the action * 0 ! PCl^ ottelhyl-hydro- 
carbostyril (Baeyer a. Jackson, B. 18,1201. Insol. 

I water, V. sol. other solvents. Volatile witn steam, 
j Weak base.—(B'HCl)jPtCl,. V. sol. alcohol, (U« 
composed by water. ^ 
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Chloro • HKyll?). iioquinoUne 0„H,«N01. 
[e. 80°]. Formed hj boiling the di-chloro- deriva* 
tive [166°] with HI and P. Colonrless crystals. 
By heatfhg with HI and P to 200° it is com* 
plotek deohloEinated (Gabriel, S. 20,1206). 
Di*ohloro>etbyl(?)-i8oqui]ioline 0„H,NCL 
X(0,H»): CCl 

probablyOjH,^ ^ [ 166 °]. Formedby 

'heating th^mideof phenyl*di-methyl*oarboxylio 
XMe^-CO , 

acid ^ | _ with POCl,; if the product 


NH 


is a derivative of ethyldsoquinoline an isomeric 
oh*ange must have occurred during the reaction. 
Long ooio«rle|s needles. By HI and P it is 
first reduced to the mono-ohloro'derivative 
[80°] and then to the etbyl(?)*isoquinoline 
[65°] (Gabriel, B. 20, !206). 

DI-CHLORO.DI.ETHyL SULPHIDE 


•(CHgCLOHjIjS. (217°). - Formed by the action 
of PCI* on S(GH„CH 30 H)j obtained from glycol 
chlorhydrin and K,S (V. Meyer, B. 19, 3259; 
20,1729). Oil. Very poisonous and violently 
inflames the skin (difference from di-ethyl sul¬ 
phide). 

Tetra*ohloro-di*etbyl sulphide (CJIiGD^S. 
(167°-172°). S.G.iU-647. A yellow o’il formed 
bypassing chlorine into di-ethyl sulphide, which ’ 
is at first kept cool and in the shade (Riche, A. { 
92, 358). Theijf^ appear also to be formed 
(C,n,C\,),S (18^192°), (CjHClJjS (217^-222°) 
and (C,C1,)^S (?)• 

Di-chioro*di*ethyl di-sulphide • 
(CH,C1 .CH,)jS 2. S.G.iM-346. From ethylene 
andCLS, at 100° (Guthrie, A. 119, 91; 121, 
108). Pale yellow oil. Alcoholic KOH gives oily 
(CH,,0H.CH,)2S. HNO, forms CHXlCHj.SO.H 
(Spring a. Locrenier, DL [2] 48, 629). 

Tetra*ehloro-di*et}^yl di-sulphide 
(C,H 3 CI,),S^. 8.0. It 1’590. Formed by passing 
ethylene through boiliiig S.Cl, (G.). Oil. 

• CHLORO-ETHYL SULPHOCYANIDE 
CI.OjH^.CNS. (208°). Formed by heating 
C3H,Br/(l00 g.), HONS (66 g.) and alcohol 
(250 0 . 0 .) with inverted condenser. The product 
is filtered, distilled to 150° and the residue 
in the retort cooled in a freezing mixture. 
C^,(CNS).^ now crystallises out. The liquid 
portion is distilled (J. W. James, C. J. 35, 807, 
J. pr. [2] 20, 362; 31, 411). Formed in the 
same way from ethylene ohloro-bromide (107°- 
109°) (James, C. J. 43. .39; 47, 3G5V 

Properties.—Oil. Smells like mustard oiL 
Burns with violet flame. Soluble in ^cohol 
and ether. Dissolnes in hot ^ater.but separates 
again on cooling. • 

Reactions.-—!. Fuming HNO, converts it into 
ohlor#ethhne eplphonio aoi^ Cl.C^H^.SOjH.^ 
Ammonia, course, will convert this into] 
taurine.—2. Alcoholic ^tassic ^sulpiiocyanide 
converts it ftito C,H^(SCN),-8. With aqueous 
Na,BO, in sunlight it forms M,(3CN)(SO,Na). 

DI.OHLOBO-(a)-STHYL-TRlOFHSNE 
0,H(C,H,)0l,S (286° cor.). A liquid formed 
by passing ob^rine into%ooled * $ ’-ethyl-thio¬ 
phene (Bon8,J9.18, 651). 

DI-CHLORD-ETHYL-TOLUENE (?). 

C,H„CL. (865°). Formed, together with propyl- 
ene and chldnnated oresol by distillation of 
penta-ehloro-thymol (Lallemand, 0, R. 43, 876). 


DI-CHLOEO-EUXANTHIO ACID v. Ems- 
THxo Acid. 

DI-OHLORO-FLUORENE 0„H,01,. [128°]. 
Formed by passing chlorine into fluorene (from 
coal-tar) in chloroform (Hodgkinson a. Matthews, 
0. J. 43,170). Colourless plates. Oxidised by 
chroi|iio mixture to di-ohioro-di-pbenylene 
ketone [158°]. 

rti-chloro-fluorene CjgH.CL [147°].* Formed 
by loading chlorine into a CS.^ solution of fluo¬ 
rene fora long time (Holm, B. 10,1082). Whjto 
plates. SI. sol. alcohol and ether. 

Fenta-chloro-fluorene di-chloride GuHjCl, 
[104°]. From di-chioro-fk»cffche in chloroform 
by chlorine (H. a. M.)! Ldhg needles. CrO, con. 
liBrts it into a yellow ketone (?) [104°]. Al* 
coholio KOH converts it into a red bod} 
(? CijHjCl,) which is insol. alcohol, but crystal¬ 
lises from chloroform, petroleum or acetic acid 
[o. 110°]. It is not attacked by HNO, or CrO,. 

CHI^KO-FLUORESCEtN 
^C ,(OH)^q 


heating chloro-phthalic anhydride [97°] with 
resorem. V. si. sol. water and CHClj. Wlien 
freshly prepared it is sol. alcohol and ether, 
but it changes on keeping into an insoluble crys¬ 
talline form; v. sol. acetic acid; insol. OgH,; sol. 
aqueous KHO, and KjGO., forming a deep red 
solution, which when diluted shows a fluorescence 
like that of fluorescein (Graebe a. B4e, C. J. 
49, 530). 

Di-obloro-fluorescein. Hydrate. 
C8lLCl2:C20^:(CaH,(0H),),. Formed by heating 
(8)-di-ohloro.phthalio anhydride [161°] with 
ros8rcin at 200°. Loses aq when heated. Alkalis 
form a rod solution with green fluorescence (Le 
Royer, A. 238, 367). 

Tetra-chloro-fluoresoeiu 

O, Cl 4 :C.p,:(C^n, 0 H) 30 . Formed by heating re¬ 
sorcin with tclra-chloro-phthalio anhydride 
(Graebe, A. 238. 383). Addition of acids to its 
solution in NaOH pps. the hydrate or ortho- com¬ 
pound, which at 180° is dehydrated. Insol. ether. 

Diacetyl derivative 
C,Cl 4 : 0 , 0 ,:(C,H 40 Ac)., 0 . 

Hydrate C,Cl4:CA:(0«H4(OH),),. Ppd.by 
adding acids to a soh^ion of the fluorescein in 
aqueous NaOH. Orange neadlcs (from et]|er); 
insol. water, si. sol. alcohol. Its alkaline solu¬ 
tion is red with strong green fluoresconco like 
fluorescein. At 180° it gives off H ,0. 

Chloride C80l4:CA:(0,H,Cl)30. [259°]. 
CHLOROFORM CHt)!,. Tri-chloro-methane. 
Mol. w. 119f [-70°] (Bertbelot, Bl [2] 29, 8]. 
(60-9°) at 754-3 mm. (Sohiff, A. 220, 96); 
(Thorpe); (62°) (Perkin, C. J. 45. 630), 8.0. 
1-6039; 1-4081; ^ 1*6009; if 1*4849. O.E. 

(11'8 to 60-9) -OOISB (Sohiff); (0°-10°) -001248 
(Thorpeh (0°-50°) 0013368 (1.); see also Qri- 
maldi, d. 17, 18. S. '987 at 0°; -775 at 55° 
(Chancel a. Parmeatier, C. R. 106, 577). V.D. 
4-12 (for 4-12). H.F,p. 24110 (TA). HF.v. 
23630. M.M. 6 659 at 16-3°. S.H.-233 (Sohtiller, 

P. Stippl. 5, 116,192). nt, 1-451 (Forbes, P. Jlf. 
[3] 85,94). 8.V. 84-6 (Sobiff); 85-6 (Ramsay); 
ai'6 (Thorpe). Oamllarity : Swan, 0. /. 1,174; 
P. Af, [8] 38,36. CpmprmibilityiQne^A.Ch. 
[3] 31. 487. 

Fortnaiioth —!• By the action of bleaching* 
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powder on dilate alcohol (Soubeiran, A. Ch, [9] (James Simpson, A. 66, 121) and antiseptio 
48,181; Soubeiran a. Mialh6, A. 71, 225) or on (Robin, 0. B, 30, 62; Augendre, C. R. 31, 679). 
acetone (Liebig, A. 1,198).~2. Bj the action of When a mixture of chloroform and water is'kept 
chlorine on marsh-gas in daylight, and ulti* at 0*^ for a long time with frequent shaking a 
mately in sunlight (Begnault, A. Ch. [2] 71, hydrate GHClg 18aq separates ^ long IgmintB. 
880).*—3. By passing a mixture of chlorine It is lighter th^n chloroform but heavier than 
and methyl chloride through animal charcoal water, and melts at I’O*^ (Chancel a. Parmentier, 
at 250°-860^ (Daiuoiseau, C. B. 92, 42).—4. By C. B. 100, 27; Sajoh^lyia. Ballo, B. 4,160). 
Uie action of aqueous potash on chloral* (Lie- Detection .—Ghlorof<frm may be distinguished 

big, A. 1, 199).—6. By the action of nascent from mo^^i other similar chlorinated hydrocari 
hydrogen on CCl^.—6. By boiling tri-chloro* bons by boilinff it with alcoholic potash and a 
acetic acid with aqueous alkalis (Dumas, A. Ch. primary amine^.p. aniline), whm the character- 
[2] 66, 116; A. 32,113).—7. From iodoform and istic disgusting odour of the oaroamines will be 
PClj (Gautier, ^2^ 13, ^16).—8. From CCl^, noticed (Hofmann, B. 3,769). When the vapour 
zinc, and dilute HoSG, ((Tfeuther, A. 107, 212). of chloroform is passed through a red-hot tube 
Preparation .—*1. By mixing chloral with di- ; chlorineiBliberated,andwillturnpap|rmoi8tened 
lute caustic soda.—2. Bleaching powder (dOpts.), | with starch and potassium iodide blue (Bagsky, 
water (100 to 160 pts.), alcohol(4 to lOpts.), and I J.pr. 40, 170; Luedeking, Am. 8, 358). Chloro- 
alakedlime (4 to 10 pts.) are distilled together. | form gives a reddish-purple colour (?roBolic acid) 
The distillate separates into two layers, the lower i when poured upon the hot residue obtained by 
one being chloroform. This is freed ^om chlo- | evaporating analooholiosolution of phenol mixed 
rine by shaking with potash, dr^d over CaClj ■ with caustic potash (Guareschi, Q. 3, 401). 
and rectified iKessler,/. PA. [3] 13, 162). j Impurities.—Ch\ovoioxm thft is to be used 

TAcoryo/rAcprocm.—The bleaching powder j fer surgical operations should not give any brown 
is supposed first to convert the alcohol into colour when shaken with H^SO^ (Gregory, Pr.B. 
chloral (g. v.), and the lime which is present (or ; 1850,391; c/.Vulpiu8,Ar. Ph. [3] 13,37; 26,998). 
formed) would then split this up into calcic , The presence of alcohol causes opalescence when 
formate and chloroform: 8Ca0.Glj-h2C^U„0 chloroform is mixed with water (Mialhd.J. CAim. 
« 2G.^Gl,HO -t- oCaGl^-f 3CaO + 5H.p j Mid. [3] 4, 279), and a green colour with chromic 

«2GG1,H + Ga(CHOJj + 5CaCl.;4‘2CaO + 4H.p. j mixture (Cottoll,./. PA.[3] 13,369). The reduo- 
When alcohol of various strengths is poured • tion of potassium p8rmang|gmte may also be 
on bleaching powder the distillate, which some- j used as a rough index of the anount of alcohol, 
Umosexplodesaftershakingwell with water, gives ' aldehyde, and other oxidisablesubstances present 
an oil which can be separated by fractionating ; in cbloioform (Jolles, Chem. Zeit. 11, 786). 
into the following portions' Estimation. - By treating a chloroform solu- 

---——c- tion with alcoholic potash thochlorine is obtained 

1 pt. aluobn' rniTol with pt&. as chloride. The conditions for getting a theo- 

'retical yield have been determined by De Saint- 

- \ - Martin (C. R. 106, 492-496; c/. Chancel a. Par- 

0 1 3 I 4 8 mentier, C. B. 106,577).^ 

-- ■ — I ' * - ' ■ Reactions.—1. CrO* fixture gives COClj.— 

60®-70® 2*4' 3*4 5C’5 89*1 98*1. \ 2. and dilute H^SQ, coDvei<t it into GH,G1, 

70°-80® 9 8j 12'4| 31’2 7*f 1'9 (Geuthcr, A. 107, 212; Bichardson a. WilliaBis, 

80°-100® 12’3 31*6i 12'2 3'1 ~ I C. 18, 60).—converts it in pre- 

100®-160® 2r0 27-5|— — — sition of sence of ammonia into methane (PeAin, C. 

150®-108® 60'G 21-Oj— — — j 18, 106).—4. Boiled alcoholic potash it 

160®-180® 4*2: — — — — ' forms potassium chloride and formate, thus: 

--^^-GHCl, + 4KHO = 3KC1 -i- CHO,K -i- 2^0. — 5. 

Th%^ountofcliioro-ace\al(!60®-lC0'’)iflthere- With eodte ethylate it gives orthoformic ether, 
fore greatly diminished by diluting the alcohol CH(OEt), (Williamson a. Kay, C. J. 7, 224).— 
(Goldberg, J.pr. 132, 111). The yield of chloro- | 6. Mixed with ammonia and passed through a 
form is never more than equal in weight to the red-hot tube it reacts thus: GHGl,-(-NXI« 
weight of the alcohol used, this is less than one =CNH-f-3^101. Aqueous ammemia oX 220® 
molecule of cblorofornr* from two molecules of forms carbonic oxide, ammonium formate, and 
alcohol. Chloroform cannot be prepared from ammonicchloride,thus: 2CHC1, + 7NH,-I-3H20 
pore methyl alcohol by means of bleaching pow- = C6 -i- GNH^Cl + HCOjKH^ ,(Andr4, 0. R. 102, 
dor, although it is formed from commercial 653).—7.'ITafcr at 2JJ0® forms CO, formic acid, 
methyl alcohol (Belohoubok, i4.166,349). Chlo- and HCl—8. Alcoholic KjS forms potassium 
rinated oompoonds are formed by the action of thioformate H.CO.SK (Nicol, Tr. E* 29,^31).— 
bleaching powder on isdj^ropyl, iaobutyl, andiso-^ 9. Aniline at 1^0® gives di-phdnyl-form-amidine 
amyl alcohols; so that the alcohol used to pre- C^HjNH.CH.-N.CaHj (Hofma^, Rr. 9, 229).— 
pare chloroform should aot contain^usel oil 10. Brominehi 200® gives CBrCfl, (Patem6, Q. 
(J. Begnault a. E. Hardy, J. PA^ [4] 30,405). 1, 693; Friedel a. Silva, Bl. [2] 17, 687).-ll. 

PTtmcrfici.—Characteristic Mour and sweet With bromim (3 pts.) and iodine { Ipt.) at 150® 
taste, almost insoluble in water. When pure it is it gives CK,C1 [70®] and CBr, [76®] (Bolas a. 
not turned brown by HjSO.. Chloroform reduces Groves, C. J. 24, 7W).—12. HRO, containing 
Fehling’s solution, thus: 0H01,+2Cu0 + 6KH0 NO, forms at 100® a small qu^tityof chloro- 
*Ca,0-f3K01+^CO,+3H,0 (Baudrimont, picrin (Mills, C.J. 24, 641).—ft. Cone. HIAq 
J. Ph. [4] 9,410). It dissolves fats and resins, at 125° gives CH,I, (Lieben, Z. [2] 4, 718). 
A solution of iomne in chloroform is violet, but PH^I and ZnO give GH,C1 (Hofmann, B. 6, 
bromine forms a red solution. It is anasthetio 301).—14. When passed over red-hot copper 
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«ome acetylene ie fo^ed (Bertholot, C. R. 50, 
805).^ 15. Potassium amalgam also forms 
acetylene (Klelzinsky, Z, [‘i] 2,127).—16. EjSO, 
at 170®* forms 0 H,(S 05 K)j and OH{SOsK), 
(Stredter, Z» [ 6 ] 4, 214).—17. Sodium acting 
on chloroform containing alcohol forms ohlor- 
ethulmic acid OaHuClOj (Hardv, A. CH. [3] 06, 
840; 0.i2.64, 470; c>Kern, 0. N. 81, 121 ).- 
.18. The copper-einc c&upU does not act on 
pure ohloroform; in presence of alcdhol at 60® 
methane is evolved, together with a small 
quantity of acetylene; in presence of water me¬ 
thane is evolved even at 12® (Gladstone a. Tribe, 
C^J. 28, 608).—19. SbCIj at 100® forms CCla 
(LCasner, J. [2] 13,418).—20. Electric sparks 
decomposetchlproforin forming HCl and CjClg; 
in presence of air COCl, is formed (J. Eegnault, 
J. Fh. [ 6 ] 6 , 604).—21. Potash added to a mix¬ 
ture of ace^e (1 mof) and chloroform (1 mol.) 
forms acetone-chloroform or oxy-isobutyro-tri- 
•chIoride(CHg).^C(OH).OCl 3 . There is also formed 
a liquid isomgride, possibly CHCl 2 .CMe 3 .OCl, 
(170®). It is a strong poison and yields with 
benzene and AljCl* ohloro-di-phenyl-ferf-butyl 
alcohol (289®); while with PCI 3 it yields 0,H«C1,0 
(161®) (Wiilgerodta.Genieser, J.pr.[2] 37, 362). 
Potash (8 mols.) acting on chloroform (1 mol.) 
and acetone (2 mols.) forms CuRjoGg i.e. 
CMe 2 ( 0 .GMe 2 .C 03 H} 2 ; an acid which, like ace¬ 
tone-chloroform ( 5 , v.), is converted into oxy- 
isobutyrio acid bp#eating with water (Wiilgerodt, 
B. 20, 2446; Bl. [2J 39, 157; Engel, Bl. [2] 47, 
499; G. R. 104, 688 ).—22. With SO, it forms 
carbonio oxide, ClSO,H and ChSoO, (Armstrong, 
Z. 1870, 247). 

Combination.—With aqueous HjS at 0® it j 
forms a crystalline compound CHClj2n.S23aq I 
(Loir, C. R. 34, 647; J. 1852, 660; Forcrand, 
A. Ch. [ 6 ] 28, 12). i 

chlobo-fobmk; acid “ci.co.oh. 

Methyl ether. Cl.CO^.Me. (71® cor.), ' 
S.G. 1*286 tRoese, A. 206, 228). formed by . 
tite action of COCl, on methyl alcohol (Dumas, 

A. 10, 277; A. Ch, 68 , 62; Meyer a. Wuistcr, . 

B. 6 , 966). Formc^ also by the action of chlor¬ 
ine on gaseous methyl formate (Hentschel, J. pr. 
[2] 86 , 211). Preparation.—Tio avoid formation 
of methyl carbonate proceed thus: Phosgene is 
freed from chlorine by passing through a llask 
full of pieces of antimony and powdered glass 
and placed in the water bath. The gas is passed 
into a few c.o. of chloro-formate of methyl at 0 ®. : 
Methyl alcohol is added in small portions at a ' 
time, waiting each time until the phosgene goes 
through unabsorbed. Altogether not more than : 
160 O.O. of methyl alcohol ghould be used (A. ! 
Elepl, J. w. [2] 26, 447^ Properties. - Heavy 
oil; readily decomposed by boiling with water. 
Gives^he Ui-chjpro-methyl etJier when chlorin^ 
acts on it in sunlight. Intermediate compounds 
are G^HgOi,^ and 0,H,C1.0 b. {The compound 
04 H,C 1 jO, flu9® cor.) is a very pungent oil, S.G. 
Jv 1*4741; ^ 1*4786. It is decomposed by water 
into formic aldehyde. 200,, and CO; wliile 
aniline fornja O.H,Cl,(NPhH)jO* [46®]; and fusion 
with NaO^ fields metlj^lene diacetate (166®). 
The other Otmpound, 0 bH, 01,0, or 0,H,C1 ,Ob, 
(181® oor.), 1*52, is a liquid, slowly decom¬ 
posed by bolj^g water into CO, CO^, HCl, and 
formic aldeh;^e (Hentsoh^, J. pr. [2] 36,468). 

Tri.chlorO’methyl ether CClJi!. (128® 


cor.). S.G. 1-653. V.D. 94*3 (oale. 99)» 
Formed by chlorinating methyl formate in sun¬ 
light. Liquid; inflames the skin. Above 300® 
it changes into the isomeric GOGl,; this change 
takes place slowly even on boiling. At a dull 
red heat it splits up into CCl^ and CO,. Al,ci, 
deconiposes it in the same way (Hentschel, J. pr. 
[2] 36, 99, 306). Reactions.— 1. Like COCl.,, it 
acts 8 n NaOAc forming NaCl, CO.,, and Ac^O.— 
2. MeOH forms an oil, possibly CCl 3 O.CO.OMe; 
it boils at 164® being split up into COCl, and 
I Cl.CO3Me.--3. Dry and aqueous ammonia forfes 
urea but not tri-chloro-acetamide.—4. Aniline 
forms di-phenyl-urea aivl#»15Tienyl cyanate.— 
5. Benzene and AljCi, give (C*H,),CC1.— 6 . Phenol 
gives CflHjO.CO.Cl. 

Ethyl etherCLCO.f'Eit. Mol.w.l08\. (94®). 
S.G. H 1-139. y.D. 8*82. Preparation. —By pass¬ 
ing COCI, into well-cooled alcohol (Dumas, ,4. 
i Ch. [2J 64, 226 ; Clooz, A. Ch. [3] 17, 303; Ca- 
! hours, 4 . Ch. [3] 19, 346; Klepl, J. pr. [2] 26, 
4*8; Wilm #. Wischin, A. 147, 160); or by 
j dropping alcohol into liquid COG, standing in 
I a freezing-mixture (Hentschel, B. 18, 1177). 
Propertm.—VxiTivfiWt liquid; decomposed by hot, 

I but not by cold, water. Reactions.— With 
I alcohol it forms carbonio ether, reacting thus: 
j ClCO..Et-bHOEt = EtO.COaEt-f-HCl. —2. With 
sodium it reacts in this way: 2 ClCOaEt-i-Na 3 
= 2NaCl -f CO -f COjEt^.—3. With ZnMe, it reacts 
in the following manner: 2 ClC 03 Et + ZnMc, 
= ZnCl 3 + 2CO, + 2C;H,-F2CH, (Butlerow, Z. 
1863,484).—4. With ammonia it forms carbamic 
ether, NH. 3 .C 03 Et.— 6 . Al^Cl, splits it up into 
CO, and EtCl.— 6 . Benzene and AhCl, give 
etl'^I-bcnzeiie (Rennie, C. J. 41, 38).—7. ZnCl, 
gives CO 3 , EtCl, HCl, and ethylene (Ulsoh, A. 
226,281).— 8 . Sodium amalgam converts it into 
formic acid (Geuther,i4.205, 225).—9. NaOCgH, 
gives (C„H,0)CO(OEt)(FatianolI, 1864,77).- 

10. Na,S gives S(C 03 Et), (V. Meyer, B. 2,297).— 

11. Potassium cyanate forms the following crys¬ 
talline bodies: (a) C^HuNjO, or C^N,Oj(CO,El)g 
[119®]; ( 6 ) C„TI„N,0, or C,N, 03 Et(CO,Et), 
[123®]:(c)C,oH„NAorC,N,0,Et,{CO.Et)[107®]; 
{d) NH(CO,Et )3 [50®]; and (c) CjN^OjEt, (Wurta 
a. Henninger, C. R. 100,1419; Bl. [2] 44,26).— 

12. With KNCS in ppisence of alcohol it forms 

carbonio ether and alloph%nio ether (Wilm, 
A. 192, 243): 2CI.CO,Et-^^2KNCO + 3HOEt 
=2KC1 ++ C,H,2i,0,Et.—13. With thio¬ 
urea it forms NH,.CS,NHCOEt,HCl [117®] 
(Pawlewski, B. 21, 401).—14. With di-phenyl- 
thio-urea it forms Mi-phenyl-thio-allopbanio 
acid NHPh.CS.NPh.COjEt.—15. With phenyl- 
thio-urea it forms phenyl - allophanio acid 
NHPh.CS.NH.COEt.—16. With acetyl-phenyl- 
thio-nrea it forms a-phonyl-thio-allophanio acid 
NH,CS.NPh.CO,Et.—n.Cyan^f/iineformscyan- 
othine carboxylic aoid*(E. v. Meyer a. Sehone, 
J.pr.[^ 30, 123).-18. Quinoline forms ethyl- 
quinoline: C,H,N + ClCOgEt« CbEbEINHCI CO, 
(M. a. 8 .). • 

Chloro-ethylic ether CI.CO.;.CH 2 .CH 2 Cl. 
(160®-160^. From glycolic ohlorhydrin and 
COCl, in tne cold (J. Nemirowsky, J. pr. [2] 31, 
178). The product is mixed with K^COj and 
extracted with ether. Colourless, fuming, pun- 

f ent liquid, insohfsater, sol. alcohol and other. 
ieaetions. —1. Not decomposed by boiling water, 
2. Converted by boiling dilute potosA intoglyool, 
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C®EO]^POBMIO ACID. 


^wbonate “ ’ mixed with water. The aolution ia ehahen with 
8. Converted hy ammonia into the caihamale oi ■ ether and tlie ether evaporated (Perkin a. Duppa, 

ohloro-ethyl.aslollowa: 01.CO.O.C5H^C1+2NH, ' ..- » - . 

NH„HC1 + HjN.CO.O.C.jlI^Cl.—4. With aniline 
it reacts, forming the corresponding compoand 
NPhH.C 02 C ^^01 (phenyl-carbamio acid). 

Propyl ether ClCO^Pr. (116® cor.). S.G. 

^ 1*09. Liquid; more stable than methyfether 
(Boese, 4. 205. 229). 


Isopropyl 
4 1*144 (Spioa, 


ither ClCO.Pr. (95°). S.G. 


4.115,106; 129, 373; 0. J. Proc. 4, 75). 

Proper^ws.—Clumps, from alcohol rfhd benz* 
cno. V. sol. water, alcohol, an^ ether, si. sol. 
benzene and ligr/»ln. May be sublimed unaltered. 

Constitution .—Perkin considers it to be a 
derivative of fcftnano a^d because it is very 
soluble in water. The fact that it sublimes 
without firming an anhydride woiJd indicate’ 
that it is a deri\^tive of maleic acid (Kauder). 

Reactions. —I. Sodium amal^m forms suc¬ 
cinic acid (Perkin. A. 129, 375).—2. Dissolved 
in <wld water and the equivalent of aniline added 
it gives a crystalline pp, of the acid aniline salt, 
C0iH.CH.CCl.C02H.NH,.Ph. [17§®]. 4^ifl-<lueou8 
solution may be kept for weeks without under¬ 
going any change. On boiling the aqueous solu¬ 
tion, it behaves like the ^rresponding bromo- 
funiarate, although less readily (Michael. Am. 9. 

Salts. — KHA". Transparent prisms.— 
BaA" 8 aq. Clumps.—AgjA". 

Methyl ether, MeA". (224°). 

. -. , ciker. EtjA'l (245°). S.O.k2M78. 

with unpleasant odour. Changes on keeping ‘ From tartaric ether and POL (Henry. A. 166, 
into cyamelide with evolution of HCl. Decom- j 178; Claus, A. 191, 80). 


_ . G. 17, 168). ■ Gives with NH, 

isopropyl carbamate NH 2 .COaPr 

Isobutyl ether CiCO^C^n^. (129° cor.). 
S.G. ^ 1*063 (Eo«i''^^ cf. Mylius, B. 6 , 972). 
Ammonia converts it into isobutyl carbamate 
NH,.CO,O^H, [66°]. , 

Amyl etksr C1.CO.AH,,. (153°) (S.); (154° 
cor) (R.). S.G. 1^ 1*032. Fropi COCl^ and 
amyl alcohol (Schone, J.pr. [2J 32, 240). 

Phenyl ether Q\.CO.fi^Ily (187°). From 
the tri-chloro-methyl ether and NaOPh (Hent- 
8 chel,/.pr. [2]36,316). . 

Amide Cl.CO.NH*. [60°]. {62°}. Formed by 
passing dry CuCl.^ into NH^Cl at 400° (Gatter- 
mann a. Schmidt, B. 20, 868 ). Flat needles, 


posed by water into COj and NH.Cl. With 
toluene and Al^Clg it gives the amide of p-toluio 
acid; other aromatic hydrocarbons and phenol 
ethers act similarly. Amines yield alkyl-ureas. 
Aqueous NaOH forms cyanic acid. Alcohols in 
small quantities form allophanio ethers, in excess 
they give carbamic ethers. 

Methylamide Cl.CO.NHMe * Methyl-urea^ 
chloride.' [90°]; (94°); colourless plates. ^- 
tained by passing carbonyl chloride COClj over 

methylamine hydrochloride heated to 140°. 
Distilled over lime it yields methyl cyanate 
OC:NMe. Decomposed by water. 

Ethylamide Cl.CO.NHEt ‘ Ethyl-urea- 
chloride' (92°); colourless liquid. Obtained by 
passing COCl, over dry ethylamine hydrochloride 
heated to 260°-270°. Distilled over lime it 
yieldsethylcyanateOCiNEt. On conversion into 
vapour it dissociates intoethyl cyanate and HCl, 
which recombine on cooling. In most of its 
reactions it gives the same products as ethyl 
^am^^Gattermapn a. f^chmidt, B. 20, 118; 

Di-methyl-amide Cl.CO.NMe,. Colour¬ 
less liquid. Sol. C^H^, ether, and CSj. Prepared 
by the action of carbonyl chloride (COClj) on 
dimethylamino. Is slowly decomposed by water 
into CO, and NHMe 2 HCl (Miohler a. Escberich, 
B. 12,1162). ^ 

CHLOBO-FOEMYL-TRICABBOXYLIC ACID 

P, CnLOBO-MBTHANK-TRICAUBOXTLlC ACID. , 

CHIOBO-FDMABIC ACID C,HC1(C03)^ 

[m°]. « . > .“/r 

Pr^ratioH,—!, Chlorine is passed to satu¬ 
ration into suocinyl chloride. Methyl alcohol is 
added to the product as long as HCl escapes. 
The liquid is then boiled. On ccKiling, methyl 
ehloro-fumarate, [102°], separates. The hltrate 
is poured into water, w^n a farther Quantity of 
this body is thrown down. HCl at 140° decom¬ 
poses the ether forming the acid (Eauder, J. pr. 
[ 2 ] 81, 24).—2. Tartaric acid^{60g.) and PCI, 
(276 g.) are heated with inverted condenser. 
The product is distilled to 130° and the residue 


Amic e<AerC 2 HCl(C 02 Et)(CONH,). [102°]. 
From chlorofumaric ether and alcoholic NH, 
(Claus a. Voeller, B. 14,150). Tables. 

Imide C.HClOjNH. [13i3r Large colour¬ 
less plates. Sol. water, alo^ol and ether. 
Formed by chlorination of succinimide (Ciami- 
cian a, Silber, B. 16. 2394). 

Chloro-fumaric acid C^HC^COsH), [178°]. 
(o. 190’). White pp. consisting of microscopic 
needles. V. sol. alcohol, water, and ether. 
Formed by the combination of aoetylene-di-car- 
boxylic acid with HCl. 

Salts. — A^K,: larg^ sparingly soluble 
prisms.—A'^Ag, aq : fine crystalline pp. — 
A"Pb 2aq: amorphous pjj. becoming crystalline 
(Baudrowski, B. 16, 269.5). >* 

V. also CnLOR^-UALEIO ACID. 

TETSACHLOEOGALLEfg C„H,„C1.0,. 
From tetra-ohloro-phthalic anhydride and pyro- 
gallol at 200° (Graebo, A. 238, 337). At 180° it 
gives off 2 aq becoming C,oH,Cl, 0 ,. 

OHLOEOGEEINE v, Alstonikb. 

A-CHLOEO-GLDTACONIC ACID 
H 02 C.CH:CC 1 .CH,.C 0 ,H. [129°]. Formed by the 
action of PCI, (16 pts.) upon ocetone-di-car- 
boxylic ethei<; 0 (CHjCO,Et )2 (6 pts.) at 100°, and 
saponification of the ether with cone. HCl; yield: * 
60-60 ^.c. of the theoretical. The reaction is 
probably dqe to th^ intermediate formation of 
CCl 2 {CH 3 C 02 Et) 2 . White needles (chloroform) 
or plates (hot benzene). • V. sol. water, alcohol, 
fnd ether, less in chloroform, inso^oola ben¬ 
zene. By zinc-dust and acetic acid it is reduced 
to glutaoonic acd [132°]; by sodi^ amalgam 
to glutaric acid. By alcoholic EOH it is con¬ 
verted into glutinio acid H 0 ,C. 0 l 0 . 0 H 2 . 0 O-H 
(Burton a. P^mann, B. 20. 145). 

DZ-CHLOBO-GLITTAjSlNS p, Dd-chlobo-di* 

OZV-AniDO-PTRtDZNB. ^ 

TEI-CHI0fiO.I8OOLYCEEIC J»ID p. Tni- 

OHLORO-PYBUTIO ACID. 

DI-CHLOEO-GLYCOCOZX v.Di-ShLOBO-AxiDo- 
ACSTIO iczn. 
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BI.OHIOBO-aLTCpILICACIO. Thedialkyl 
ethers C 0 h(OB').GO 2 B' of this acid are the 
primary products of the action of PCl^ upon 
oxalic ethers. On distillation under ordinary 
atmos^erio prelsure they split off alkyl chlorides, 
and are converted into the ohloro%lyoxylio ethers 
Cl.CO.COjR' (Anschutz, B. 19, ^ 68 ). * 

Dun-propyl eth6nC0\J0fT).C0^t'. (Ill® 
at 12mm.); colourless liquid. Formed by the 
action of aPOl, upon mono-propyl oxalate 
OA(OH)(OPr). * 

Di‘isoam§l effeerCCl,( 004 H„).C 0 j 04 H„: 
(152° at 13mm.); colourless liquid. Formed by 
tbq action of POlj upon mono-isoamyl oxalate 
(Anschutz a. Soh 6 nfeld, B. 19, 1443). 
1}X-OHL9R(VOLYCOLLO-N1XB1L£ 


CCL(OH).CN. 

Methyl derivative^ 


I r2j32,2). This body melts at [231®], It dissolves 
m ether, sparingly in alcohol, not at all in water. 
It exhibits the following reactiona: (a) Warmed 
with alcoholic AgNO, it forms Ag,U and di- 
/NPh-CO 

phenyl-parabanio acid, [204°], C0< | . 

• \NPh-.CO 

( 6 ) Forms a red solution in aniline, which when 
wanned with dry alcohol and AgN 0, lorms oxalyU 
/NPh.CO 

tri-phenyl-guanidine, 0(NPh)< i [230°J. 

\NPh.CO 

(c) Fuming HNO, forms a compound CuHjN^SOj. 
It melts at [235°], ie in 8 c^.r?tfther, benzene, C 8 . 
and light petroleum, hnd tS readily decomposed 
by aqueous NaOH, jp-nitraniline being formed. 

(d) Alcoholic NHj converts it into C„H, 8 N 40 s, a 
body which crystallises from alcohol in white 


8 .G. 1*39. From di-chloro-uoetonitrile andNaOMo 
fBaucr, A, 229,168). Pleasant smelling liquid, 
Nearly insol. water, but slowly decomposed by 
it. V. sol. alocdtol, ether, and light petroleum. 
Changes on keeping into a solid isomeride. 

Ethyl denvaUve (161°). S.O. 

II? 1*339. VJD. 153*24. Polymerises forming a 
white solid. [171°]. 

Propyl derivative CCl,{OPr)CN. (183°). S.G. 
lil 1*238. V.D. 174. 

hobutyl derivative CCIj( 0 C 4 H„)CN. (196°). 
8.0. Ill" 1*123. 

These bodiosftRombine with PtCl,, forming 
compounds such as CGlj( 0 Et)CNPtCl 4 (Bauer, 
A. 229,182). 

They are acted upon by dry HBrwith Itorma- 
tion of tri-chloro-aceto-nitrile, probably as a 
result of these reactions: 

(i.) CCl,(OMG)CN + HBr 
-MeBr-l-CCl.,(OH)CN. 

li.) CC 1 o( 6 H)CN = HC 1 -I-ci.co.cn. 
iii.) CCij(OH)CN*K HCl=CCI,.CO.NHj 
(Bauer, A. 229,192). 

So also dilute converts CClj(OMe)CN 
iifto CCljCOjMe and Cr*lAOEt)CN into 
CCl,COjEt. 

CHLOBO.OLYO:;fIM CjHjClOjNj i.e, 
CCl(NOHhCH(NOH). [161°]. Formed by the 
action of hydroxylamine on ohloral-hydrate 
(Nageli, B. 16, 490). Glistening prismatic 
needles. Sol. water and alcohol. 


needles, [220°], and which is itself converted by 
fuming HNO, into another body, C„H, 4 NjO„ 
' sparingly soluble in water or alcohol, [236°].— 
QaiVfUh phenyl thiurea, dissolved in boiling ben¬ 
zene, it acts thus: 2NH, CS.NPhlU ClCO.COjEt 

- NH(CS.NPh),C,Oj + NH, -h EtCl* HA The 
product is oxalyl-di-phenyl-di-thio- 
biuret. It forms slender needles (from alcohol) 
[215°].—7. When warmed with phenyl-urea it 
reacts as follows: NPhH.CO.NHj + Cl.CO.COjEt 
= NPhH.CO.NH.CO.jEt + CO + HCl,and also in 

! the following way: NPhH.CO.NH, + Ci.CO.CO,Et 

=NPh<p^p.NH + ClEt+H,0. The ohieJ 

products are, therefore, phenyl-allophanio 
ether, which forms needles (from ^cohol), 
[120°], and phenyl-parabanio acid, which 
forhiB plates (from alcohol), [208°].—6. Withdi- 
phenyl-urea it forms di-pbenyl-parabanio 
acid, [204°]: NPhH.CO.NPhH + Cl.CO.CO,Et 

-NPh<p^^NPh+Et01 + H.O.-9. Withiri- 

phenyl-guanidine it forms oarbonyl-tri- 
phenyl-guanidine: 

(NPhH)j:C:NPb 2Cl.CO.OOjEt 

- NPh:C<^p^> C0,HC1 + HCI + CO + Et,C,Or 

The hydrochloride of this base fonhs concen¬ 
tric needles (from alcohol), [190°]; its nitrate, 
B',HNO„ forms ootal^dra (from alcohol), [185°]. 
By means of fuming nitric aqid white neeiUes of 


CHLOEO-GLYOXYLICETHEB Cl.CO.CO..Et. | 
Ethoxy-oxalyl chloride. (131°). S.G. is 1*216. 
V.D. 4*68 (calo. 4*71). Prepared by distilling 
oxalic ether with PCI, (V.v. Riohter#B. 10, 2228; 
C. C. 1878,446; cf. Henry, B. 4, 699). 

PrcgjerftSi?. —Fuming liquid; deoompMed by 
water with formation of o^alio ao^d. Alcohol 
gives oxalic ether. Alookolio NH, gives oxamio 
ether. Aniline forms (iK)jEt.CO.NPhH. 

Rfactu^.—i. Zinc ef%2,/ollowed by water^ 
forms oxy^exoio ether 0 £t 2 ( 0 H).C 03 Et (Henry, 
-B.6,949).->^ With urea it givesgatbyloxalurate, 
NHj.C 0 .NHX 0 .C 03 Et (Henry, B. 4, 699; Salo¬ 
mon, B. 9, 876).—8. With HgPh, it gives 
phenyl-glyoxylic acid (Claisen a. Worley, B. 11, 
1596).— 4. .With di-methyl-aniline it gives di- 
methyl-amiddiphenyl-gi/oxyiio acid.— 6 . With 
diphenyl4hi0-ea dissolved in benzene it reacts 
vigorously, giving off OOj and ethyl chloride and 
forming aniline and a compound which is pro¬ 
bably thio^arbanilido -tbio - oxanilide 
NPhH.CS.NPh.CO.CS.NPhH (v. Stojentin, 


the formula C„H,jNjO„iaq, may be got (M. t 
S tojentin. J.pr. [2J 82, i;. 

CHLOBO-OUANIOINE GH 4 CIN,. Frdln 
guanidine carbonate and chlorine (Eamenski, B. 
11,1602). Palo yollmk crystalline powder. De 
tonates about 147°. 

CKLOBO-HEPTANE 9 . Hbfttl ohlobidi. 

Dl-ohloro-keptane O^HjfClj i.e. 
Fr.CHj.CHj.CHj.CHClj. EeptyUdena ehhride, 
(191° cor.). From<£DantholandPCI,(Idmpriobt, 
A. 103,80). Convertid by Na into heptylene. 
idcohoUc KOH gives ohloro-heptylena. 

Di-omoro-heptane is* Pr,C(^ 

181°). Frqpi di-n-propyl ketone and POi, 
Tavildarofl, B. 9,1442). 

Di-oblqro-heptane PrjCOl,. From di-isopropjl 
ketone ana PCI, (Henry, B. 8,400). Splits up 
into HCl and C,H„01 on distillation. AlcohoUo 
KOH gives OjH,, (78°). 

CHIOBO.HEB7BHOIO ACID OjH,AOf. 
From propyl-aoeto-acetio ether and P(B. (De* 
mar^ay, B. 10,1178). OiL 
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OHLORO-HEPTENOIO ACID. 

< 


Cbloro-llopteiioic acid 0,Hi,C10,. Prom iso* 
propyl-aceto-aoetio acid and PCI, (D.). OU. 

CHLOEO.HEPTYL ALCOHOL C,H,CIO. 
(307®). S.G.s 1*014. From octylene and liClO 
(De Clermont, Z. 1870, 411). 

CHLOBO'HEXAKE v. Hextl CHi/Oitinn. 
Li-chloro-hexane i.6. 

CH 3 .CHC 1 .CHj.CH,.CHCJ.CH,. (170'’-180®). 
From diallyl and fuming HClAq (Wurtz, li. Ch, 
[4] 8.161). 

Oi-ohloro-hezand G^H„G1.,. (o. 182®). S.G. ^ 
1;087. From the hexane of petroleum by ohlori- 
oation (Gabours, A. Ch. [4] 1, 5). 

])i.chloro-hez^dCgHi.Clj- (160®). Formed 
by chlorination m ffctijoprppyl (Schorlemmer, A. 
144,187; Silva, B. 6, 36 ; 7, 953). 

i)i-ohloro*bexflae G^H,..CI., i.e. 
(CH,),.CCLC01.(CH3)3. [166®].'Frorapmaconeand i 


Bthyl ether EtA'. From PClj and the oiy* 
acid (derived from oxaliO' ether) (Markownikoflf, 
B. 6, 1175). On distillation it gives HOI and 
hexenoio ether; sodium amalgam gives hexuic 
(di-ethyl-acetic) acid. 

<y.Chloro-isohexoic acid 
Me,GClAJH,.Cl?.,.CO,H. 

Ethyl elder A'Et: (88® at 12 mm.). 
Formed by saturating an absolute alcoholic so¬ 
lution of* isocaprolactone (the lactone of oxy^ 
hexoic acid) with HOI. On distillatfcn it evolves 
HCl and yields' pyrotcrebic ether (Brodt, B. 19, 
614). ^ 

Tri-chloro-hezoio acid CtiHyClsO.. [64®]. 
Formed by oxidation of the corresponding alde¬ 
hyde byHNO, (Pinner, B. 10, 1052L Zino and 
HCl convert it into hexenoic artd. 
TRI-CHLORO-HEXOIC ALDEHYDE 


POCiV (Friedel a. Silva', B. 6, Crystalline. 

Di-chloro-bexane (CHJ^C.CCli.CHj. [151®]. 
From pinaooline and PCl^ (Favorsky, J. pr. [2] 
87, 393). Very volatile crystals. Gl.'es with 
alcoboHo potash CMes.C:CH. ' 
Di-ehlorothezane C„H, .CL i.e. 
OH,.CHCl.CHCi.CH,.CH 3 .CH;. (c.l64®). S.G. 
1*053. From ohloro-ethyl-propyl-carhlnol and 
PClj (Henry, BL [2] 41, 363). Alcoholic KOH 
gives C,H„C1 (122®). 

Tri.chloro-hexaneC„H,,Cl3. (c.217®). S.G. *- 
1*198. Formed by chlorinating n-hexane (Ca- 
hoors, J, 1863, 525). 

Eeza-cbloro-hezane C^HaCl^. (o. 288®). S.G. 
W 1*698. From w-hexane and Cl (C.). 

CHLOEO-HEXENOIC ACID v. Culobo-ethyi, 

CaOTONlO ACID. 

Chloro-bezenoic acid C^HjClOj. [61®]. F^ora 
di-methyl-aceto-acetio ether aud PClj (D.). i 
CHLOEO-HEXENYL ALCOHOL C,H„C10. 
Allyl'cMorO’propyl carbinol (c. 185®). S.G. 
1*032. B* 68*3. From epichlorhydrin (I50g.), 
allyl iodide (273 g.), and zinc at 0®; the product 
being treated with water (Lopatkin, J. pr. [21 
80,390). Oil. Oxidation gives chloro-oxy-valeric 
acid. 

Acetyl derivative CuU,,C10Ao. (c.205®). 
aO. ® 1Q65; 1-048. 75*1. 

Chloro-hezenyl alcohol CaH,,C10 i.e. 

CH,<^^^^>CCl.CH,Op (?). Chloro-mdhyl- 

telrm-inethylene-etirbinol. (c. 167®). From the 
following m-chloro*hexcny] alcohol by troatniput 
with iron and acetio acid (Nattcrer, M. b, 579). 
Liquid, si. sol. water. Docs not combine with 
Br. Gives with PCI, a Jiquid CJIjClj (100® at 
20 mxn.). 

Di*obloro-hezenyl aloobol i.e. 

C=-<CH(CH,ff>CCl.CH,OH (?). (c. 117«) 

at 20 mm. From a 7 -di-cbloro-crotonic aldehyde 
by successive treatment with ZnEt^ and water 
(Natterer, M, 5, 567). Thick liquid; v. sL sol. 
Does not combine with Br. 


I C^HgCl.O. IlcxyUchloral^ (213®). Occurs among 
‘ the products of the chlorination of aldehyde 
(Pinner, B. 10, 1052). Potash splits it up intf 
formic acid, CsHhCI^, and HCl. 

CHLORO-HEXYL ALCOHOL C.H.jCIO i.e. 
CllrCn,.CH,.GilClCTl{On).CBrMcthi/lchloro- 
butyl carbinol. (170®). S.G. ^ I'OIH. From 
hexylene and HOCl (Domao, M. 2, 319). Iron 
and HOAc give 5 cc-bexyl alcohol. 

Cbiloro-hexyl alcohol CgHisClO i.e. 
Ca,.CH 3 .CH 3 .CH(OH).ClICI.CII, (?). Hexylene 
chlorhydrin. (171®). S.G. ^ 1'014. From 
hexylene oxide and HCl (Henry, C. 12. 97, 260). 
Oil, wjth swccliali taste. 

Acetyl derivative OJliiCl.OAo. (189®). 
S.G. 2 104. 

SlOhloro-n-hexyl-alcohol 
CH 3 .CHCl.Cir,.CIl 3 .CH,.CH,.OH (?). Hexylene 
Mdorhydrin. Formed by heating the glycol 
with HCl (Lipp. B. 18, 32S3). Colourless liquid 
of peculiar smell. Heavier than water, in which 
it is insoluble. By further heating with HCl it 
is converted into the di-cLloride. 

Chloro-hexyl alcohol C^H,.,Cl(ii.e. 
CMe 3 Cl.CMej.OH. [ 66 ®J. From CMepCMej and 
HOCl (Eltekoff,'/. R. 14, 390). Needles, smell¬ 
ing of camphor. Aqueous KOH forms pinaoone; ' 
solid KOH gives hexylene oftide. 

Di-cbloro-bezyl alcohol C,H,.^C! 30 . (208®). 

S.G. -- 1*4. From hoxenyl alcohol and chlorine 
(Destrem, A. Ch. [5] 27, 58). 

CHLORO-HEXYLENE v. Hexentl chloride. 

Di-chloro-bezylene C„H],Clj i. c. 
CH 3 .CCl 3 .CH 3 .Cli.CH:CH.,. AllyUhloracetoi. 
(150®). Frqm methyl but’enyl ketone and PCI, 
(Henry, G. R. 87, 171). Heavy oil. Hot water 
reconverts it into the ketone. AlcohoUo KOH 
gives*^gH,Cl. ^ ♦ 

Di-chloro*hexylens. CaH^Clj. From mesityl 
, oxide and PCI,. Smells like turpentine and re- 
L sinifies in the ^r. Distillatian over lime con* 
rverts it into C,H,C1 (130®) (Baeyer, A. 140, 298). 

I Peiita-chioc«-bexyleiieOaH,6isV[102®]. From 
" HOI. Needles 


'"^^leet'yTderivative C.i.ci;OAo: (123“) i queroite by treatment wito 
at 20mm. Converted by AgOAc at 110“ into 


wj-CHLOEO-HIPPDBIC ACID 

I..*. 1 t;. HEiiMSCt cuLORiDK. j % 6. [3:1] CaH 40 l.OO.Np.CH 2 .CO^* From hip* 

Tetra-ohloro-bezine&e C.^HaCl,. Formed by | purio acid, KG10„ and HCl (Otto, ^•122, 129). 


CACl(OAc), (140® at 20 mm.). 
^HLOBO-KXINENE v. He 


the action of PCI, on mannite or dulcite (IJell, 
B. 12,1273). 

CHLOBO-HEXOIC ACL» CaH„C10, 
C£t|01.CO,H, Chloro-caproic acid. 


Found in the urine after takin^w-chloro-ben* 
zoic acid (Gr®be a. Sohultzen, A. 142, 340), 
Viscid mass, sol. boiling watoi, mixes with 
alcohol and ether. Its alkaline solution turns 




OHLORO-HYDROQtrmom w 


» 

brown In air. Boiling cone. HOI gives gljroocoU 
and m-ohloro-benzoio^cid. 

Salts.—NaHA '2 Aag: stellate groups of 
ncedleB.-*CaA',: scales (from alcohol).—PbA',. 
[100-], , 

Di-chloro-hippuric acid <lH,CljNO, i.$. 
[1:2:4] 0,H,CI,.CO.NH.CIIj.CO,H. Fosmed to¬ 
gether with the preced^g by ohlorinating hip- 
purio acid with HOI, and KCIO, ((>.). Soft, 
bemi-ory8ta||ine mass; less sol. water than the 
preceding aold. Cone. HCl splits it up into 
glycocoll and (V 4)-di-cbloro%enzoio acid. 

Salts.—Naa'aq: soft warty crystals.— 
CaA'j 5aq (from hot wat'^r). — CaA';. 9aq.— 
CaA',. lOaq (from cold water).—BaA', 3aq.— 
PbA'j 4aq. ^ (PbA'gljPbO. - AgA': cauliflower- 
like masses (frSm hot water). 

Ethyl ether FitAf. Oil. 

CHLOBHTDRIN tifOLvcEitiN. 

Bichlorhydrin v. Di-ohloro-proptl alcohol 

•and EriOQLORQtDRIN. 

Trichlorhydrin v. Tiii-onLORO-PRorANR. 

CHLOKO-HtDRAOEYLIO ACID v. Ciiwno- 

OXT-PROPIONIC ACID. 

CHLOEO-HYDRO-ATEOPIC ACID t?. Culoro- 

PRUNTL-PROPIONIO ACID. 

CHLOEO - HYDEO • CIN N AMIC ACID o. 

CULOBO-PHUNYL-PROPIONIO ACID. 

DI - CHLOEO - HYDEOC(EEDLIGNON o. 

rcfra-nkJf/tyZ-Di-CHLORO-HEXA-oxY-inpiiKNYL. 

CHLOEO - H^RONAPHTHOQDINOIIE 
C,oH,ClO.; i. fl."73,„HiCl{01I), [117 ]. From 
chloro-(0)*naphthoquinone in acetic acid by 
passing in SO^ (Zincke, B. 19, 2498). N^eedlcs 
(from water). 

Di-chloro-hydronaphlhoquinone C,oH„Cl,0, 
i.e. C,„H,CL{()II),. [125°]. From di-chloro- 
(fl)-naphtlio<]uiiione and SO^ (Zincke, B. 19, 
2500). Slender needles. 

Di'Chloro- (a) -hydipnaphthoquinone 
C, 9 H,Cla(OII)..,. [135° uncor.]. Formed by shak¬ 
ing an ethircal sedution of di-chloro*(a)- 
ribphthoquinonc with aqueoqs SnCl^ till de¬ 
colourised. Long colourless needles. V. sol. 
alcohol, ether, Ao-^insol. water. By air oxida¬ 
tion it is converted into the quinhydrono 
Cj^U,aCl, 04 , which forms long violet-brown 
needles [250° uncor.] (Claus, B. 19, 1144 ; cf. 
Grfflbe, A. 149, C). 

Di^acetyl derivative CioH 4 Cl.,(OAc) 3 . 
[230°]. 

CHL0E0.H7DR0QDIN0NE C„H,Cl(OII),. 
[100°]. (263°). Prepared by hoiling^ninono with 
HCl (Levy a. Schultz, B. 13, 1427; .4.210,137; 
cf. Wohler, A. 61, .155; Wichclhaus, 12, 
1504). Also frohi chloroquinonq ana SOj 
(Stadcler, A. 69, 807).* Monoclinio crystals, 
a:6:cf!2*7.7:l:2'31; 3«*02°3'. V. e. sol. water 
and alcobal, si.*601. chlorofoan. On oxidatioi 
it gives chloroquinono. Heated with phthalio 
anhydride i4fpA)duce8 a chlorinltod quini/arino 
which is soluble in caustic soda with a blue 
colour. Combines with aniline with formation 
of C,H,Cl(OH),2NH3Ph [92°] whteh orystalliscs 
from hot water in glittering plates (Niemeyer, 

A. 228, 322).* With ;).toluidinc it forms a com¬ 
pound melting at 90°. These compounds are 
not decomposed by crystallising from liot benz¬ 
ene. • 

Di-acetyl derivative C«H,Cl(OAo),. 


[72°] (L. a. S); [99®] (Scheid, A. 218, 216). 
Transparent prisms. Sol alcohol. 

Di-bemoyl derivative C,H,C!l(OBz),. 
[130°]. Long needles. Easily soluble in hot 
alcohol, sparingly in cold. 

(a)-Di-chloro-liydroqainone G^Cl 3 (OH), 
[2:6:4:!]. [166°J (L. a. S.); [172°] (Kraflt, B. 10, 
800). ^Prepared by boiling chloro-quinone with 
HCl ;»or by passing dry HGl into a solution of 
chloroquinone in chloroform (Levy a. Schultz, 

B. 13,1428; A. 210,148). Formed also by redu¬ 
cing (a)-di-ch]oro-quinoDe [169°] with aqueous 
80.^ (Stadeler, A. 09, 312). Long needles (from 
boiling water). May be sublimed. On oxidation 
it gives (a)-dichlor5-uuiri«..ie. Combines with 
aniline forming C,^Cl,rOH)^2NHjPh [113°], 
which crystallises in needles (from water), 
tables, or prisms (from benzene). The com¬ 
pound with p-toluidine melts at 116° (Niemeyer, 
A. 228, 328). 

Di-acetyl derivative 0,H2Gl4(OAo)2. 
[141°]. Cormed by the action of acetyl chloride 
ofl quinone^or chloro-quinone. Monoclinic 
crvbtals (Scliulz, B. 15, 653; fl. 210, 148) 
o:6:c-2-9:l:l-13; 3 « 72° 40'. 

Di-benzoyl derivative C„H 3 Clj(OBz)j. 
[186°]. Woolly needles, sol. benzene, insol, 
water. 

(3)-Di-chloro-hydro-quinone C^HjCl 2 (OH), 
[2.6:t:l]. [168°]. Formed by reduction of the 
corresponding quinone [120°] (Faust, A. 149, 
155). Yellowish lamins (from dilute alcohol). 
Forms with p-toluidine a compound melting at 
73°. 

Di-acetyl derivative C.HsCljfOAo), 
[07°]; fine needles. 

^Di-benzoyl derivative C,E[,Cl,(OBz), 
[105°]; colourless needles (Levy, B. 10,1445). 

Di-methyl ether C„HGl_;(O.Mo)j. [126°]. 
Formed by chlorinating di-methyl-hydroquinone 
(llabermann, B. 11,1034). Small needles; may 
be sublimed. 

Di-isobutyl ether C,H,Cl,(OCHjPr), 
(Schubert, Af. 3, 682), 

Tri - chloro - hydroquinone 
C„HCls(OH).^. [134°]. Prepared, tog|thor with 
tetraohlorohydroquinone, by boiling (a)- or (3)- 
dichloroqumone with HCl, and separated from 
tetra-ohloro-hydroquinone by solution in water 
(Levy a. Schultz, B. 13, 1429 ; A. 210,tl63). 
Formed also by reducing tri-chloro-quinonewith 
SO. (Stadeler, A. 69,321; Stenhouse, A. Suppl 
0, •h4; Grffibe, A. 146, 25), and by oxidising 
benzene with KCIO, and HjSO, (Kraflt, B. 10, 
797 ; Carius, A. 142,* 129). Flattened prisms. 
Its alkaline solutions turn brown in the air, 
ultimately forming di-cWoro-di-oxy-quinone 
(chloranilic acid). It forms two compoundswith 
aniline: C,HCi,(OH) 2 , NH^Ph [60°], crystallising 
in small neculos, and CsHCl,(OH)8, 2NHjPh 
[07°], crystallising ifl trimetrio tables. With 
phthalv anhydride it does not produce chlor* 
inatod quinizarine. 

Di-acetyl derivative C^Cl,(OAo),. 
[163°]. Needles. 

Di-b^izoyl derivative 0«HCl,(OBz), 
[174°]. Needles. 

Di-ethyl ether O^Cl,(OEt),. [68-6°], 
Long needles. 

Totra-chloro-liydroquinone 

C, Cl,(OH)g. [232°] (Sutkowski, B. 19, 2316). 
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CnLORO-TlYDROQUlNONE, 


Prepared by boiling {d)>diohloro-quinone or tri- Cbloro-hydro.toluqninone CjH,!VroCl(OH),« 
ohloro*(]uinon 6 with HOI /Levy a. Schultz, B. [175®]. Obtained by thb action of cold cono. 
13,1423; A, 210, 255), or by passing HOI into HCl upon toluquinone. White platos or needles, 
a solution of tri-ohloro-quinone in acetic acid V. sol. alcohol, ether, and hot wator, si. sol. 
(Niemeyer, 228, 824).. Formed also by boil- ligroin (Sohniter, 2?. 20, 2283). f 

ing tctra-chloro-quinone with SnOl.^,with HClAq, Di • ohloro • hydro.toluquinone 

with HBrAq, or with aqueous SOj. Monoclinic CuHMeC^OHJ,. [121®]. Formed by the action 
pyramids; a:5:c■>8'0:1:2'58; j 8 = 76®84'l May of HCl upon •hloro-tduquinone. Not volatile 
be sublimed. Insol. water, v. si. sol. b<^zene, with steam (Schniter, B. 20,2288). Formed also 
T. sol. alcohol and ether. Reduces silver solu- by reduohig di-chloro-toluquinone obtained fro*iii 
tion.^ PCIj converts it into CgCl,,. A cone. di-chlorinatedo-oresol[54'^j (Claus a. Schweitzer, 
solution in hot potash deposits, on cooling, £.19,937; c/.Sbuthworth, 4.168,274). Feathery 
jfrisms of 0 b 01 ,( 0 K) 2 . A solution of this crystals (from water). May be Hublimed. 
salt exposed to air forms C,Cl 20 ..[( 0 K)j. Com- Di-chloro-hydrotoluquinone 
bines with anUilftr^JormiUg CBCl*(OH),NH 2 Ph CbH(CH 3 )CI 2 (OH)j. [171® uncor.]. Formed by 
[115®]. ‘ / reduction of di.chloro-toluquinonon03'’] (from 

Di-aceiyl derivative C,Cl*(OAc).i. di-ohloro-wt-cresol)withSO.^. Cdlourlessneedles. 
[245®]. V. e. sol. alcohol, ether, &o., sol. hot water, si. 

Di*hengoyl derivative CbC 14 ( 0 Bz)j. sol. cold (Claus a. Schweitzer, B. 19, 931). 
[283®]. Sol. benzene, si. sol. alcohol. Acetyl derivative OBHMeClj(OAc).j. 

Di-methyl ether ChCl,(OMe) 2 . [154®]. [124®] (Southworth). < 

From di-methyl-hydroquinono and Cfc (Haber- Tri-chloro-hydrotoiuquinone 0 , 11601 ^( 011 ) 3 . 
mann, J3.11,1035). Needles. • * [212®]. From tri.chloro-toluquftiono and aque- 

Di-eth^ ether C,Cl 4 (OEt)... [112®]. From ous SO* at 100® (Southworth; Borgmann, A. 
tetra-chloro-nydroquinone, KOH, EtI, and alco- 152, 251; Hayduck, .4.172, 211; Claus a. llle- 
hol at 140® (Grsbe, A. 146,19). Needles. mann, B. 16, 1603). Needles. Volatile with 
Methyl ethyl ether C,Cl 4 ( 01 Xe)( 0 Et). steam. Turns green in moist air. 

[101®]. From OBH 4 (OMe)(OEt) and Cl (FiaJa, 3f. Di-acetyl derivative C,MeCI,(OAc),. 
6,912). [114°]. 

Di-isohutyl ether O.CUOCHjPr), (Schu- Di-ethyl ether C,MeCUOEt),. [107®]. 
bert, ikf. 3, 682). Tetra-chloro-hydrotoluqumone 0 , 340140 ,. 

DI . p • Ci^OBO - HYDROQDINONE - DI- From tetra-chloro-toluquinoire and SO. (Brau- 
CAEB0X7LIC ETHER v. Dvp-cuLOBo-m-p- ninger, A. 185, 353). Needles (by sublimation). 
OZT-TERBPHTBUJO RTHRft. CHL0R0-H7DR0T0LDQDIN0NE DI-SUL- 

DI. CHDOEO - HYDROQDINONE DI-SUL- PHOBIC ACIDC 4 ,MeCl( 0 H) 3 (S 03 H),. From tri- 
PHONIC ACID chloro-toluquinone ana cone, aqueous KHSO, 

0 , 3401 , 830 , i.$. C,C 1 ,( 0 H),(S 03 H)... From teua- ' (Borgmann, A. 152, 255).—KA': laminte. 
chloro-quinone and aqueous KHSO, (Hesse. A. 1 CHLORO-HYDEOXYLOQUINONE 
114,324; Greiff.C.C. 1863,1044). The free acid i CBHClMe. 3 (OH), [x:l:4:2:6], [147®]. Formed, 
J8 unstable. It gives an indigo-blue colour with together with the di-chloro- compound, by treat- 
FejCI,. Alkaline solutions are oxidised by air : ing zyloquinone (phlordhe) with couc. HOI 
toeuthiochronioacid—K,A"2aq.—(NH 4 )oA" 2 aq. (Carstanjen,/,pr. [2] 23j421). Needles. Fo,Cl, 
Tri-ohloro-hydroquinone sulphonic acid colours its aqueous solution violet. *■ 

0,3,01,80, i.e. 0,01,( 03 ) 380 ,H. Formed, to- Di-chloro-hydroxyloquinone C,Cl.,Mo,(OH)y 
gether with eutbiocuonio acid, by dissolving [180®]. Formed as above (C.) or by reducing 
tri-chloro^uinone in warm aqueous K.SO, 1 di-chloro-xyloquinone with *hqueous SO, (Kad, 
(Grtebe, 3 . 146, 55). Deliquescent needles. ' 4.161, 164). Coloured violet by Fe.Cl^. 

Fe,Cl, gives a blue colour.-KA'aq. Alkaline I DI-CHLORO-ICOSYLENE C,,H,,C1,. S.G. ^4 


solutions are oxidised in a/v to 
M C,CJ(OK),0/SO,K). 

CHIOEOHTD^O-THTHOQUINOKE 
C„H„aO, i.e. C,HC 1 (C,H,)(CH,)( 0 H )3 
[2:6:3:4:1]. [70°]. From thymoquinonc and cono. 
aqueous HCl at 0® (Sohniter, B. 20, 1317). 
Silky needles. * 

Di-aeetyl derivative 0 |bH„C 1 ( 0 Ac) 2 . 
[ 88 ®j. Formed bjrHhe action of acetyl chloride 
on thymoqninone. Large crystals. 

Di-benzoyl derivative [118®]. Colour¬ 
less needles (Schulz, B. 15,657). 
Di-obloro-hydrothymcluisone 
Di-heneoyl derivative C„H„Cl|(OBz).^. 
[191^. Formea by the action ofbenzoyl chloride 
on thymoqninone (Schulz,B.15,656). Sparingly 
soluble white needles. 

CHIOBO-HYDROTOLUQUINOirEe 
C,H,(CH,)C1{0H), Cl:8or4:2:5]. [116® uncor.]. 
Formed by reduction of chloro-toluquinone [90^ 
with SO,. Long colourless needles. Sublim¬ 
able and volatile with steam (Otoosa Schweitzer, 
B. 19. 929). 


! 1-013. From and Cl (Lippmann a. Haw- 
liczek, n. 12, 69). 

CHIOROIMIDO-CAEBONICACIDC1N:C(OH)2. 

Methyl ether ClN:C(OMo),. [20®]. Formea 
by leading chlorine into a cooled solution of 
80 pts. NaOS and 80 pta. KCN (96-98 p.c.) in 
150 pts. of methyl alcohol. White crystalline 
solid, fits reactions are the .same as those of 
the ethyl etlier. • 

Ethyl ether [39°]. Fomed 

by leading chlorine into a cooled solution of 
€0 pts. NaOH arid 80 pts. KCN inQOO pts. of 
ethyl alcohol; t!ie yield is 50 pts. o^die pure pro¬ 
duct. Large cAourless prisms. * sol. alcohol 
and ether, insol. water. Rotates on water. De¬ 
composes on distillation. Heated with aqueous 
H,S it yieldffcarbonio ether NH 4 CI and S. By 
dilute acids it is spliteup into c^rbbnic ether, 
chloride of nitrogen and NH,. From HI it 
liberates iodine. By warming with a solution 
of potassium arsenite it is reduced to imido- 
carbonic ether HN:C(OEt )3 (SandKieyer, B. 19« 
862). 



OHIjOBO-IOIXMIXT-BENZOIO acid. 7« 


IETBA-CHLOBO-INDIOO C„H.C1,N,0,. Very 
inalogous to ordinary iddigo. Obtained by the 
ction of acetone and NaOH on di-ohloro-nitro- 
lenzoic aldehyde (Gnehm, B. 17, 762). 
DI.C«LOB-Uy)OI.E C,H.C!jN U 

[104°]. Cbfcr - osjjndoie- 

hhride. From oxindole^and PCI* Crystalline 
UABS emelling Uko ftcces. Colourless laminae 
tiom hot water), v. e. sol. alcohol, ether, and 
)enzeno. Sol. alkalis. Can mettiylated 
liecycr.i?. 12,410; 15,786). 
PI-CHLOBO-INDONAPHTHOaUINONS 

3.h:<^^0CV [126°]. 

Fonmti^. -•Tetrachloro • {$) • naphthoqui* 
none is dissolved in NajCO^Aq, HOAo is added 
and afterwards HCl aQ(^ chromic acid, the mix¬ 
ture being gently warmed (Zincke, B. 21, 499). 
^’Properties .—Plates (from dilute alcohol or 
noAc). 

BI'CHLOBO’IODHYBBIN^. Di-cdloro-iodo- 
rnoPiiNS. 

or /Sa-CHLOBO-IOBO-ACBYLIC ACID 
CHI:CCl.COaHor CHC1:CI.C0,H. [72“J. Formed 
by boiling propiolio acid with an ethereal solu¬ 
tion of ClI (Stolz, B. 19, 5:i8). Pearly crystals. 
Easily soluble in all solvents. 

Chloro-di-iodo-acrylio acid CsHOjClI^ i.e. 
CL:CCl.CO,H(?). [143°]. Formed by boiling 
iodo-propiolic aci(^ith an ethereal solution of 
ClI (Stolz, B. 19, 038). Colourless glistening 
plates. Sparingly soluble in ligrom and cold 
water, more easily in alcohol and other. • 
o-CHLOBO-IODO-BENZENE OeH.ClI [2:1]. 
(above 233°) (Korner); (230°) (B. a. K.}. S.G. 
— 1*928. From o-chloro-aniline by displacing 
NHj by I through the diazo- reaction (korner, 
Q. 4, 343: Beilslein a. Kurbatoff, A. 176, 33). | 

p-Chloro-iodo-benzAe C,H,C1I [4:1], [56°]. I 
(227°). Frontop-chloro-aniline by displacing ' 
NIJ. by I; or from p-ioho-aniline by displacing | 
NU^byCI. • 

CHLOB-IODO-BENZOIC ACID ! 

C„HaClI.COjH [210°f. Formed by the action of , 
an alcoholic solution of iodine upon chloro-sali- ' 
cylio acid [172°] (Smith a. Knerr, Am. 8, 95). 
Curved noodles. Sol. boiling water. 

Salts.—BaA'j. Arborescent crystals. 
CHLOBO - lODO - ETHANE C,11,ClI U. 

CH.Cl.CEy, Ethylene chloro-iodide. (140°) 
(Thorpe, C. J. 37, 189). S.G. 2 2*151 (Simpson); ! 
2 2*164 (Th.). Formed by the notion of ICl on 
othylone or ethylene iodide (Maxwell Simpson, I 
Pr. 11, 690; A. 12p, 101; 127, 372; SuK>l. 6 . 
254). • 

Reactions. —1. AlcolipHo KOH gives C^IIsCl. 
2. Motet Ag.,0 gives glycol. — 8 . Zinc and 
ll,SO, givostethyfene.—4. SilvSrtoxms ethylene 
and ethylene chloride (Friodol * Silva, Bl. [2] 
17, 242).-“6.^nc. HI forms, on*heating, C^, 
and C,H,1,.—- 6 . Ammonia forms ethylene-dia¬ 
mine [Engel, Bl [2] 48,96). 

Chioro-iodo-ethane CH,.CHIG1.* Elhylidene 
chloroiodidet (y 8 °). S.G»14 2*064. 

Iodine (26 g.) is sus^nded in 
water (120 g.) fnd saturated with chlorine in the 
cold. The chloride of iodine is then shaken 
with ethylidezte iodide, the product washed with 
dUuteEOH and distUled. 


Preparation.—k\^, (8 g.) is dissolved in CS, 
(24 g.) and slowly added to ethylidene chloride 
(6 g.) dissolved in CSj (6 g.) and kept at 0° The 
product is treated as above (Maxwell Simpson, 
Pr. 27,424). 

i>i.' hloro-iodo-ethane CjH,CljI. (172°). S.G. 

2 2*219. From C-HgCl and ICl (Henry, C. R. 
98, 518^ Alcoholic KOH gives C^tCCL (37°). 

CHAOEO.IODO-ETHYLENE C^^Cl. Acetyl 
ene chloro-iodide. (119° i. V.) (Plimpton); (115°) 
(Sabanejeff). S.G. 2 2*230 (P.); S 2*154 (S.); 
— 2*118 (S.). Formed by passing acetylene intOb 
a Bolntion of ICl in HGl (Plimpton, 0. J. 43, 
892) or in ether (McGowan, P<*. E. 9,589). 

I Preparation.—Chlorine w passed into water 
(6 pts.) containing iodine (1 pt.}. The liquid is 
poured off from undissolved iodine, and acetylene 
is then passed ir^ (Sabanejeff, A. 216,264). 

Reactions.—I. Zinc and alcohol gives of! 
acetylene.— 2. Alcoholic AgNO, forms needles of 
a double ^mpuund.—3. Heated with 50 vols. of 
wa^r at 150°, j^t is dissolved in 6 days the pio- 
ducts being HI, C^HClandchloro-e^yleneoxido 
C;,H,C10 (j. tJ.).—4. Alcoholic KOI? gives off a 
gas that docompoues in air (chloro- or iodo- 
acetylene). 

Chloro-iodo-ethylene CHaiCClI. (101°). S.G. 
2 2*143. From cbloro-bromo-iodo-cthane and 
alcoholic KOH (Henry, C. R. 98, 741). Oil; 
turns purple in air and light, absorbing oxygen 

DI-CHLORO.TETRA-IODO-FLDOBESCEIN. 

' Hydrate. C.jpH„Cli,OB. Formed by adding a 
. solution of i^ne in dilute EOil to an alkaline 
solution of di-cbloro-iluorescein and acidifying 
{ (Le Royer, A. 238, 359). The alkaline salts are 
' usedsas dyes (‘ Hose Bengale’). 

CHtORO-IODO-METHANB CH,IC1. (109°). 
S.G. ^ 2*49. From lLlg.CH,Cl and I, (Sakurai, 
C. J. 41, 8 G 2 ). 

Di-chloro-iodo mothane CHCljI. (131°). S.G. 
2 2*454. Chloriodoform. A liquid formed by 
the action of IlgCl. or PClj on iodoform (Serullas, 
A. Ch. [2] 25, .314; 39, 225; Mitscheriich. P. 
11, 164; Bouchardat, A. 22, 229; Schlagden- 
bauffon. J. Pk. [3] 3(), 401; Borodin, A. 126,239). 

Di-chloro-di.iodo-mtilhune CCL^Ij.* [85°]. 
From CHI, and Hgf'l, (B<>rodin, A. 126, 239). 
From CH,C1, and IBr (HOlond, .1. 240, 234). 
Glittering scales, witli*pungent odour. Turned 
brown by light, alcohol, and ether, 

CHLOEO-10DO-METHyL>FYBIDlNE 
C.,H 5 C 1 IN. [111®]. Chloro-iodo-picolinc. From 
cliloro-(o).plcoluie, [21°J, by digesting with I 
and NaOH. Prisms., apparently trimotrie (Ost, 
J.pr. [2] 27, 267). 

CHLOBO-IODO-NlTEO-BEilZENE 
C.H,C1I(N0.,) [3:3:4] [63°]. From the oorro- 
srondingchloro-niLro-anilinc [123°] bydisplaoing 
NH^ by 1 through the diazo- reaction (Korner, Q. 
4,381). Prisms (froK^ethei'-alooliol); volatile 
with ; el. sol. coU lilcohol. 

Chloro - iodo • niti o ■ benzene C,H,ClI{NOj) 
[1:4:3]. [63°J. •From chloro-nitro-aniline [116°] 
by the diazo- reaction (K.). Spherical groups 
of needles (from hot alcohol). 

CHL0E0-1000>o-OXY-B£NZ0I0 ACID 
C,H,(0H)C1I(C0,E) [2»;5:1]. OhUtr-iodosall 
.cylicadd. [224°]. Prepared by heating chloro- 
salicylio acid witli*lodine and HgO in aiooholio 
solution (Smith a. Knerr, Am. 8,96). Colour- 
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less needles ((rom dilute alcohol). V. si. sol. 
hot water. Gives a violet colour with Fft.Cl,. 
mi. P'°'' needles; in. sol. 

water. —NaA 2aq: flat needles. — CaA' 6 aq: 
pink needles; sol. water.-MgA',5|aq: pink 
leaflets; sol. hot water. — 2nA', 3aq: white 
needles; v. sol. hot water. 

Methyl ether MeA'. [130“]. Flal needles. 

hoUIeolfil.“'‘^’’ 

.too j. irom tn-ohloro-amido-phenol by diazo- 

reaction (Lamport, J. pr. [21 83, 391). . 

needles (from al 9 oboI). 

derivfftivt 'C,HCl,I(OEt). [61°]. 

C,H.CII i.e. 

CH,CHC1.CH^. (149»). S.G. »1-933; ss i-ass, 

1 rom propylene and aqueous ICI (Maxwell Simp- 
son, Pr. 12 , 278; Friedel a. Silva, A. Ch. [21 17, 
SdS). Converted by HgCl, at 100 “ into propyi- 
ene chloride. HI at 100“ gives isopropyl iodiile 
0^1 ’“nin^npy' chloride (Sorokin, il. 3 626 • 

CH’‘cchcr; 

Chloro-iodo-propane CH,.CC1I.CH,. Chloro. 
^-acelol. (o. 120“) at 10 mm. S.G. « 1-8-21 
om CH,.CC 1 ;CH 3 and HI (Oppenheim, A. 
SuppJ. 6 , 359). Decomposed by distillation 
aoSon pressure. Moist Ag^O gives 

C,H,a,l. Di-chlm-o- 
retery,‘B. 4 !T^i).^“” and 

CHLOBO-IODO-PEOPYL ALCOHOL 

ohlortnodhydrin. ( 22 C“). 
S.G. U 2-06. From epiiodhydrin and H(’l; or 
trom^epichlorhydrinand HI (Keboui, A. Si„l. 


isatm (10 g.). CrO, (20 g.), and HOAo (i20 g.l 
(Dorsch, J. pr. [2] 33, b). Pearly plates (from 
alcohol-acetone). Insol. water, ether, and benj- 
Boiling cone. HCl gives CO, afld ohloro-o- 

i.henTI/ttA ArtM AvaaTn/wnJia Aftk . _a 


Ammoitia gives CO, and 

.^COs 


1 , 


““1 8 *™® epiohlorhydrin. 
CHLOBO-IODO-PKOPYLAMINE 

allylamine hydrochloride 
®’ 399)—B',H,PtCi,. 

CHLOHO.IODO-PEOPYLEHE C.H ClI U 
CH,.CC1.CHJ. (c.l60»). S.G.U 1-913. From 
di.oUoro-propylene and Cal, at 100“ (v. Eom- 
burgh, fl. T 0.1, 233). Combines with mer- 
rap. Heated with KOH or Ag,0 it yields «- 
ehloro-anyl alcohol. AgNO. gives a-ohioro-aUyl 
nitrate. *' 

Chloro-iodo-propylene. C,H,CU t e. 
CHChCaC^. .(162“). S.G. is 1-97.' Colourless 
liqui^ With irritating odour and sharp taste. Tre- 
beating dry Cal, with CHChCH.CH.Cl 
heating dry KI or Cal, in exce.ss 
with ^yhdene chloride at 100° for 24 Lours. 
Combines with Hg forming white plates, very 
soluble in alcohol. With KOH it yields ^-chloro. 
aliyl alcohol (P. yTEomburgh. B. T. C. 1 2331 
(aj.CHLOEO-IODO-TOUTENE C H Cli 
(24S“). S.G. 12 1-716. From (a).chloro’-nilro- 
lolnene by reduction and displacement of NH, by 
diazo- rewtion (Wroblewsky, Z. 
[2] 6,164; A. 168, 210). Liquid. s 

( 6 )-ClUoro.lodo-tolnene C,H,C1I. [10“]. (240“). 

)9'''®‘“(3)-®*'loro-nifto-toIucne(W.) 
Chloro-iodo-tolnene C,H,CU. (240°). S.G. « 
chlorinated o-toluidiife ffleilstein 
a. Knhlberg, A. 166,82). 

CHLOEO-ISAinr V. iMns. 

CHLOEO . ISAIOIO UBf C,H,C1N0, U 
C.n,CI<^CO,H. [265“-268“]. From chloro- 


amido-benzoio aoid. 
chloro'bonzayiide. 

Dl-chloro^atolo acid 

[ 26 G°]. Fromdi.ohloro-isatm{10g.),Crbo (IGir.b 

Y®*low<piism 3 (from 

alcohol-ace to^). 

WU 4 CHLORO.^CTIC AGIO c^CnLOBo oxY*pno- 

While PIONIC ACID. 

CHIiORO-LRyirXJC AOID V. Chloao-acetyl- 

PEOPIONIC ACID. * 

CHL0R0>LDXZDIN£ v. O/iLofio-Di-iiETiTYi.- 

PYBIDINE. 

CHlORO-MALEiEC ACID C^C1H(C0,H), 
[172°]. The acid so cafled by Perkin and Duppa 
ts probably chloro-fumario acid (q. v.). « 

Formation .—Among tho products of the ao- 
tiou of CIOH on benzene (Carius, A. 142, 139 * 
155, 217 ; c/. KeWiU a. Strecker, A. 223,183). 
Salts.—KHA" aq.—BaA" 6 aq. Crusts. 
Anhydride G^C1H:C.,0,. [0°] and [ 34 - 5 °], 
Formed by heating a mixture of chloro-fumario 
acid and its chloride (Perkin, 0, /. Proc. 4 76) 
Dimorphous. ' 

j Di-chloro-raaleic acid 0,01.(CO,H),. 

I Preparation.-The chloride C,01,(0,01,0) 
(see below) warmed with c(^. H,SO, dissolves 
with evolution of HCl. The crystals which se¬ 
parate ^hydride) are dissolved in water (bo- 
co^Dg hydrated), the solution is extracted with 
; ether, and the ethereal extract evaporated and 
pl^ed over H,SO,. Hygroscopic crystals of the 
wid are formed. On sublimation they split up 


. rr -T v Hicjr Buni, UU 

into HjO and the anhydride, C,CL(C0),0. The 
ftoid may also be obtained by boiling its imide 
with potash. 

Properto.—Hygroscopic crystals. Changes 
over H,80, into the anhydride. “Also by boiling 
with ligroin (40“), in which the anhydride dis¬ 
solves, but the Scid docs not. 

Salt.—Ag,A''. Silky needles. Explodes 
when heated. 

Methyl eflter.—Me,A''. (226“). 

Anhydride 0,Cl,(CO),0. [120“]. Lamiiiie; 
may be sublimed. Slowly dissolves in water, 
changing to the aoid. 

Tetrachlorinated derivative of the 
anhydride C,CUC,C1,0). 

,_,W Bolid: t41'*] (209“). V.D. (H-1) 2,74 
(Theory 2 ;ft). (? C,C1,(CC1J,0). ' 

(a) Liquid: (194“-214“). V.D. (II-1) 230 

(?c,(a,(cci,)coiiii. . 1 ‘ '1 230 

Prepomfion.—By heating a mixture of Po'ci, 
(24 g.), succinyl chloride ( 8 g.) and PCI. (46 g.) in 
sealed tubes at 230°. The product-ie Sistilled 
and the fraction‘126“-216“istreateftwitli water. 
Iho heavy oil'which separates, is distilled with 
stc^- It 18 chiefly liquid chloriiH. To get the 
soLd isomcride, the liquid is heated with PCI at 
250“. the product poured into water and distilled 
with steam, ^e raly ^stillate is dried over 
, ,9^ 9)bo di 8 tillat%do‘positB plates 

of tho solid chloride, which may ^ reotystallised 

"“Bol of 90 per cent. (Kinder, /. pr. [2] 

’Pcacfio)M.-l. Warm cone. B,SO, oonverts 
both tho sohd and tha liquid chloride into di« 
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chloro-malelo anhydride.—2. The vapour under¬ 
goes dissociation when heated strongly, hence 
the V.D. is rather low.—3. Water and dilute 
K^aOH hat's hardly any action on the chlorides. 
The lityiid chloride is readily decomposed by al¬ 
coholic NaOH, Arming di*chloro-maleio acid.— 
4. Sodium amalgam reduces it aloo^olio so¬ 
lution to succinic acid, di-chloqp-maleio anhy¬ 
dride being also formed.—5. The liquid chloride 
violently attacked by ammonia. The solid 
chloride is fiot attacked by alcobolio ammonia 
below 130'^. Eth>lamine and aailine attack the 
liquid, but not^tlie solid chloride.— 6 . Neither 
chloride is attacked by Cl or lir.—7. PCI 5 at 250'^ 
ooiwerts the liquid into the solid chloride, but 
breaks bothjjp thus: 

C»C1,(C*C1,T>) h* 31>C1, = 2C,C1„ + 2PC1, -i- PCI,0. 

C,Cl.p.;NH. Formed by chlorination 
of succinimide at 150°4 or by boiling per-chloro- 
pyrocoll ortho-bromide with dilute acetic acid 
ICiamician a. Silber, B.IG, 2393; 17,553; (?. 14, 
3 l). Trimetrio crystals,fl:6:c='9922 :1:1'6934. 
V. sol. hot wattr, alcohol, and ether. Heated 
with PClj at 200® for 24 hours it is converted 
into the per-ohloride C^C1,N, which is reduced 
by zinc-dust and HCl to tetra-chloro-pyrrol. By 
heating with water it yields (o)-di-chloro-acrylio 
acid, COj, and NH,. 

Perchlorinated [70®-73®]. 

(144° at 20 mm.). White wax-like solid. V. sol. 
alcohol, ether, and acetic acid, nearly insol. 
water. Formed % heating di-chloro-maleimide 
with PCI, at 200° for 24 hours. Zino-dust and 
acetic or hydrochloric acid reduce it to tetra- 
chloro-pyrrol (Ciamician a. Silber, B. 17, 554). 

Phenyl-imidt C,C4<™>NPh. [201°]. 


Silvery plates. Got by action of PCI, onphenyl- 
Buccinimide (v. Succinimide). HCl decomposes 
it into aniline and di-chloro-maleic acid. 

CHLOROMALONie ACID C.H 3 CIO 4 t.e. 
CHC1 :{COjH), fl33°]. Formed by saponifica- 
ti«n of the ether by colS alcoholic KOH (Conrad 
a. Guthzeit, B. 16, 605). Priams. Sol. water, 
alcohol, and ether. Heated to 180° it loses COj 
and gives ohloro-adbtio acid.—A'Ag: white crys¬ 


talline pp. 

Diethyl ether (222°). S.G.f?. 1-185. 
Prepared by the action of chlorine on malonic 
ether. On saponification with KOH it gives 
tartronio acid (Conrad a. Bischofi, B. 13,000; 
A. 209, 218). The sodium derivative reacts 
with [ 2 : 1 ] C,H 4 (CHjBr), with production of 
C«H.(CEL.CCl(CO.Et)j)„ whence aldoholic KOH 
gives C,H 4 (CH:CH.COjH), (Perkin, C. J. 63,14). 

CHCl(fONH,lj. [170°]. Titles, v. 
iol. hot water and aloohol. * • 

CHLOEO-MRCONK^ ACID v . Meconio acid. 


CffLORO-Ml^CYIiKNE v. Chloro-pentinenb^ 
CHLOeI-TEIMESIC acid 0,HjCl(C0jH),. 
[278°], From^xy-trimesio aci4snd PCI, (Ost, 
J. pr. [2] ID, 808). Needles or tables (from 
water) (containing aq).—Ba,A'", 7aq; m. sol. 
hot water. « 

CHLOEP - MESITYLENB Cja,01(CH3),, 
(205°). Forfcod, together with di- and tri- 
ohloro-mesitytone by passing chlorine into cold 
tnosityiene (Fittig a. Hoogewerff, A. 150, 323; 
Z. (2] 5,168U Fuming HNO, forms a di-mtro- 
derivative [l77°J. 


•-Chloro-meiitylene 0,H3(CH,),CH,CI. (213®- 
220°). Obtained by ohlorinating mesitylene at 
216° (Eobinet, C. B. 96, 600). NaOAo gives 
CA{CH,),CH,OAo. (242°). 

Di-ohloro-mesitylene c,HClj(OH,),. [69®]. 
(244°). Formed by ohlorinating cold mesitylene 
(F. a. H.). Prisms (from alcohol). Volatile 
with B^am. 

»-^i-chloro-mesltylene C,H,(CH,)(CHjCl),. 
[41°]. (260°). Formed by chlorinating mesityl- 
cne at 215' (E.). Needles. 

Tri-chloro-mesitylene 0,01,(CH,),. [205°] 

(P. a. H.); [208°] (Kurbatofl, /. B. 1888 [1] 129). 
(280°). From cold mesitylene and excess of Cl 
(Kano, P. 44, 474; F? a. HJ ' From o-di-chloro- 
benzene, A1,C1„ and lleCP at 100° (Friedel a. 
Crafts, A. Ch. [6] 10,411). Slender needles (from 
alcohol). Not attacked by oxidising agents. HI 
(S.G. 1'9) heated with it forms mesitylene. 

oi-Tri-chloro-mcsitylene C,H3(CH2C1),. ( 0 . 

280°). Prepared by heating the corresponding 
alcohol ipith HCi and fractionating the crude 
product in vaeuo. Has not been obtained pure. 
Heavy oil. Boiled with water anc^PbCO, it re¬ 
generates C,Hj(CH 30 H)a (Colson, A. Oh, [6] 6, 
97). 

CHLORO-MISITYLENIC ACID 
C,n,Cl(CH,),(CO,H) [4:3:6:!]. From ohloro- 
mosityleue and dilute HNO, (Fittig a. Hooge¬ 
werff, A. 150, 325). Monoclinic prisms (from 
alcohol). Turns brown above 200° without melt¬ 
ing. 81. sol. boiling water. — BaA'jdaq.— 
CaA'j5aq: tufts of flattened needles. 

CHLOEO-METHACEYLIC ACID C^HjClOj. 
[59°]. From tri-chloro-isobutyric acid, HCl, and 
zinc-dust (Gottlieb, J. pr. [2] 12,19). Formed 
als5 by heating an aqueous solution of sodium 
citra-di-chloro-pyrotartrate; or by passing chlo¬ 
rine into an aqueous solution of sodium citra- 
conate (Swarta, J. 1873, 583; Morawski, J.pr. 
[2j 12,369; Sili. IV. [2] 74,39). Needles, vola¬ 
tile with steam. 

Salts. — KA' aq. — AgA'. — CaA', 3aq. — 
BaA', 4aq.—PbA'j aq.—CuA'(OH). 

Ethyl ether EtA'. (167°). 

Di-chloro-methacrylio acid'G 4 H 4 CLO,. [64°]. 
(216°). Formed by the action of alkalis on tri- 
cliloro-isobutyrio acid (Gottlieb, J.pr, [2] 12, 8; 
Morawski, C. C, 1877, 131). Slender prisms; 
may be sublimed. Attacks the skip. Sodium 
amalgam forms isobutyrio ' acid.—NaA' aq.— 
^Ak—CaA'j 2aq.—Pb A'aaq. [100°].— 

CHL0E0*METHANE v. Mbthtl chlobidb. 

Di-obloro-methane’u. Metbtlenb ohlobidb. 

Tri-obloro-metbane v, Culobofobu. 

Tetra-obloro-methane «. CABBOK-XETBa- 
CHLOBIDB, vol. i. p. CH8. 

CHLORO - METHANE . TRICARBOXYLIC 
ETHER CCl(CO,Et), (210°) at 140 mm. Pre- 
pared by chloriuation'of methane-tricarboxylio 
ether. Jsy saponification it yields oiy-methane- 
tricarboxylio aoid (oarboxytartronio acid) (Con¬ 
rad, B. 14, 618). 

TEI-CHLOBO-METHANE BULPHINIC ACID 
»CCl,.SO,H. From tri-ohloro-methane sulpho- 
chloride and alcoholic KCN or H,S (LOw, Z, 
1809,82,614; Eathke, A, 161,149). Unstable 
needles.— Salts.-- KA'. Its solution gives with 
Br a oharacteristie pp* of CCl 3 .SO,Br. Boiling 
water converts it intoCHCl 4 (SO|K). HNO,gi.v« 


KA' laq 
CuA'. 
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less needles ((rom dilute alcohol). V. si. sol. 
hot water. Gives a violet colour with Fft.Cl,. 
mi. P'°'' needles; in. sol. 

water. —NaA 2aq: flat needles. — CaA'6aq: 
pink needles; sol. water.-MgA',5|aq: pink 
leaflets; sol. hot water. — 2nA', 3aq: white 
needles; v. sol. hot water. 

Methyl ether MeA'. [130“]. Flal needles. 

hoUIeolfil.“'‘^’’ 

.too j. irom tn-ohloro-amido-phenol by diazo- 
reaction (Lampert, /. pr. [2] 83, 391). While 
Deedies (from al 9 oboI). 

derivfftivt 'C,HCl,I(OEt). [61°]. I 
C.H.CII i.e. 

CH,CHC1.CH^. (149»). S.G. »1-933; ss i-ass, 
h rom propylene and aqueous ICI (Maxwell Simp- 
son, Pr. 12, 278; Friedel a. Silva, A. Ch. [21 17, 
SdS). Converted by HgCl, at 100“ into propyl, 
ene chloride. HI at 100“ gives isopropyl iodiile 
0^1 chloride (Sorokin, il. 3 626 • 

CH’‘cchcr; 

Chloro-iodo-propane CH,.CC1I.CH,. Chloro. 
^-acelol. (o. 120“) at 10 mm. S.G. « 1-8-21 
om CH,.CC1;CH3 and HI (Oppenheim, A. 
SuppJ. 6, 359). Decomposed by distillation 
aoSon pressure. Moist Ag^O gives 

C,H,a,l. Di-chlm-o- 
retery,‘B.4!T^i).^“” and 

CHLOBO-IODO-PEOPYL AhCOHOL 

ohlortnodhydrin. ( 22 C“). 
S.G. U 2-06. From epiiodhydrin and H(’l; or 
rom epicUorhydrin and HI (Keboui, A. Suppl. 

epiohlorhydrin. 

CHhOBO-IODO-PKOPYLAMINE 

allylamine hydrochloride 
®’ 399)—BjHjPtCl,. 

CHLOEO.IODO-PEOPYtElIE C.H ClI U 
CH^-CCLCiy. (c.l60»). S.G. 111-913. From 
di.ohloro-propyleno and Cal, at 100“ (v. Eom- 
burgh, fl. T 0.1, 233). Combines with mer. 
rap. Heated with KOH or Ag,0 it yields «. 
ehloro.anyl alcohol. AgNO. gives a.ohioro.aUyl 
nitrate. *' 

Chloro.iodo.propylene. C,H,CU t e. 
CHChCaC^. .(162“). S.G. n 1-97.' Colourless 
liqui^ With irritating odour and sharp taste. Tre- 
beating dry Cal, with CHChCH.CH.Cl 
heating dry KI or Cal, in exce.ss 
with ^yhdene chloride at 100° for 24 Lours. 
Combines with Hg forming white plates, very 
soluble in alcohol. With KOH it yields ^-chloro. 
aliyl alcohol (P. yTEomburgh. B. T. C. 1 2331 
(a).CH10EO.IODO.T01E£NE C H Cli 
(24S“). S.G. -12 1-716. From (a).chloro’-nilro- 
lolnene by reduction and displacement of NH, by 
diazo- rewtion (Wroblewsky, Z. 

[2] 6,164; A, 168, 210). Liquid. a 

(fi)-ClUoro.lodo-tolnene C,H,CII. [10“]. (240“). 

^^®' )9'''®‘“(3)-®*'loro-nifto-toIucne(W.) 
Chloro-iodo.tolnene C,H,CU. (240°). S.G. « 
chlorinated o-toluidiife ffleilstein 
a. Knhlberg, A. 166,82). 

CHIOEO-ISAinr ». IsaTm. 


OHr,ORO--IO]X).OXY-BENZOTO ACID. 

» 


isatm (10 g.). CrO, (20 g.). and HOAo (120 g.l 
(Dorsch, J. pr. [2J 33, 49). Pearly plates (from 
aloohol-acetoue). Insol. water, ether, and bena. 
one. Boiling cone. HCl gives CO, add ohloro-o- 

fimMn.henTifttA artM Avaam/wwl.. ...a 


Ammoisia gives CO, and 
.^COs 


CHhOEO . ISAIOIO AC^ C,H,ClNO, U 
C.n,CI<^CO,H. [265“-268“]. From chloro- 


amido-benzoio aoid. 
chloro'bonzayiide. 

Dl-chloro^atolo acid 

.[ 26 G°]. Fromdi.ohloro-isatm{10g.),Crbo (IGir.b 

Y®*low<piism3 (from 

alconol-aceto^). 

I CHLORO.^ACTIC ACIS c^CiiLOBo-oxY*pno* 

PICNIC ACID. 

CHIiORO-LRyirXJC AOID V. ChloaO'Acetyl* 

PEOPIONIC ACID. * 

CHLOROvLOXZDINS t>. O/iLOfio-Di-iiETiTYi.- 

PYBIDINE. 

CHlORO-MALEiEC ACID C^C1H(C0,H), 
[172°]. The acid so cafled by Perkin and Duppa 
ts probably chloro-fumario acid {q. v.). « 

Formation. —Among tho products of the tfo- 
tiou of CIOH on benzene (Carius, A, 142, 139 * 
155, 217 ; cf. KeWiU a. Strecker, A. 223,183). 
Salts.—KHA" aq.—BaA"6aq. Crusts. 
Anhydride [0°] and [34-5°], 

Formed by heating a mixture of chloro-fumario 
acid and its chloride (Perkin, C. /. Proc. 4 76) 
Dimorphous. ' 

j Di-chloro-raaleic acid 0,01.(CO,H),. 

I Preparation.-The chloride C,01,(0,01,0) 
(see below) warmed with c(^. H,SO, dissolves 
with evolution of HCl. The crystals which se¬ 
parate ^hydride) are dissolved in water (bo- 
co^Dg hydrated), the solution is extracted with 
; ether, and the ethereal extract evaporated and 
pl^ed over H.SO,. Hygroscopic crystals of the 
wid are formed. On sublimation they split up 
into HjO and the anhydride, C,Ch(C0),0. The 
aoid may also be obtained by boiling its imide 
with potash. 

Hygroscopic crystals. Changes 
over HjSO, into the anhydride. '‘Also by boiling 
with ligroin (40°), in which the anhydride dis¬ 
solves, but the &oid does not. 

Salt,—Ag^". Silky needles. Explodes 
when heated. 

Methyl ether.— (225°). 
4ln;ii/dr»de0,Cl,(C0),0. [ 120 °]. Lamiii©; 
may be sublimed. Slowly dissolves in water, 
changing to the aoid. 

Tetrachlorinated derivative of the 
anhydride C.CL(C,CLO). 

(B) SoW: tdi^*] (209*). V.D. (H-1) 254 
(Theory 2:^). (? 0,012(001^,0). * 

(o) Liquid: (194°-214°). V.D. (I£*l) 236 

(?c,ta,(cci,)coi!ii. . 11 

PrepamtioH.—By heating a mixture of POCK 
g.), succinyl chlondp (8g.) and PCI. (46 c.) in 
sealed tubes at 230°. The product-is fKstilled 
and the fraction*125°-216° is treated with water. 

ine heavy oil‘which separates, ia distilled with 
ato^. It IS chiefly liquid chloriAi. To get the 
sohd isomcride, the liquid is heated with PCI at 
250“, the product poured into water and distilled 
with steam, m raly ^stillate is dried over 
, The distillat^de-posite plates 

of the solid chloride, which may ^ reotystallised 
»^®ol>ol of 90 per cent. (Kinder, J. pr. [2] 

’Hracfio)M.-l. Warm cono. B,SO, oonverti 
both tho sohd and the liquid chloride into di« 



US"]! needles, wl »l(i 5 >W,'’fiOi(?:|ind ether. 

. On heating with aVcffits '(Ahaplotm- is split 
S, and methyl-atnido-beraoie aldeb.vde is 

ormsd. ■ . » 

thick prlsnis, r. sol. hot, t. 

1. BOl. OBld, wat 6 i. 

Tri > ohloro • di> methyl-p-amido^ phenyl ethyl 
IoohoIOCl,.OH(OH).0,H,.NMe,. hll®]. White 
latea. Obtained by adding 6 pts. of powdered 
iqOI, to a cooled mixture of 10 pts. 4 >f chloral 
j?rat 6 and ^0 pts. of dimothylaniline, and al* 
}wing the mixture to stand at aj^ont 50'^ for 24 
ours; yield 7 By boiling with aqueous or 
(ooboUo EOH it is decomposed into chloroform 
id di-methyl •jj-amido-bonzaldehyde [73®J.— 
'HOI. Sparingly soluble colourless needles 
Boessncck, A 1516). 

p.CHLORO.TETRA-METHYL.p-DI-AHIDO. 
af-PHEKYL-METHANE 
,H.Cl.CH(C«H^.NMe.,),.* [143®]. Obtained by 
eating together di-motbyhanilino and jj-chloro- 
Inzaldohyde in proseuco of ZnClj (Kaeswurm, 

. 19,742). Sma^l colourless concentric noodles. ' 
ol. benzene, alcohol and ether, sparingly in 
groin, iuso). water. On oxidation it gives the 
irbinol base which forms colourless crystals 
146®], easily sol. benzene and other, of which the 
inc double chloride is a bluish-green dyostull. 

Salts.—B''H.CLPtCl^: easily sol. yellow 
rystallinepp. The chloride and sulphate 
re easily soluble colourless salts. 

i!/'jto-Di-chloro*(ii-mcthyl-di-amido-di.phenyl- 
lethane 001^(0,H^NMe.);^. FromCS(CJl 4 NMe..)j 
nd BzCl in CS, (Baitllor, B. 20, 3289). Con- 
erted by water into the ketone CO(CflH,NM,P;);. 

w-CHLORO-METHYL-o-AMIDO-STYRENE 
lsH 4 (NHMe).CH;CIICl. Fonufdbymethylation 
f ohloro-amido-styrene (Ihpp, B. 17, 2509). 
/iquid. V. sol. alcohol und ether, nearly insol. 
rater. Volatilo with steam. Heated with 
odium ethylate at l<ip®-140° it is converted 

nto methyl-indslo C,H 4 <^ ^CH. 

• \NMg/ 

i-.Dl.CHIOUO-METHVI.-AMll}E v. Mbthh.- 

MINK. 

CHlORO-METHYl-AHniNE C.H.CIN i.e. 
’jH^CUNHMe. (240®). Formed by treating 
JMe(ClIO).C,HjCl.CO.,H with cone. HCl (La 
loste a. Bodewig, B. 18, 430). Liquid.— 
I'HCl: [164®]. 

w-Chloro-methyLanilino [3:1] C 9 H 4 CI.NHM 0 . 
icetyl derivative C,.H,Cl.NMoAo. [93®]. 
^rom m-chloro*di*raethyl aniline %nd AcBr 
Staedcl, B. 19, 1948). Tables, v.e. sol. benzene. 

p.Chloro-methyl-aniline Nitrosamine. 
'aH 4 Cl.NMe.NO. [51®]. Frpm p-ohloA-di- 
nethyl-aniline and nitrouft acid (Kodh, B. 20, 
:459). « 

o-Chl<^o-di-metl^l-anllmeCa^Cl(NMe 2 )[l: 2 ]. 
206°). Foilhcd by heating o*ohloranilino 
lydrobromide ( 1 ^ mol.) with m^hyl alcohol 
rather more tflan 2 mols.) for 10 hours at 145®. 
Colourless fluid. The hydrochloride forms 
lygroBoopio needles, the ferrooya^ide white 
iryatals, insol. water.—B'jHjCl^tCla (Heidlberg, 
5. 20,149), • • • 

m-Cliiloro.dl.&uthyl-aiiiU&e [ 8 : 1 ] O^HtClNMe,. 
232®). From w-chloro-aniline hydrobromide (a 
ittle over 3 mols.) and MeOH (1 mol.) by heat* 
tot 8 hoQrf%t 145® (Baur a. Staedel, B. 10, 


82).. Ai^r decomposes it in the cold, displacing 
Me 1^ Ac, and‘>formin| C«H 4 ClNMeAo (Stae^l, 
B. 19, 1948).—B'HBr: red plates.—B'HCl; 
slender needles.—B'gHjFtCli: slender yellow 
needles. 

p*Chloro-dl-methyl*8nlliiieO,H4Cl.NMej[l:4]. 
[36®]. (230®). Prepared by the action of GUjCl, 
upon t^e dmzo* compound of t^*di*methyl>j>* 
phenylene diamine. Large flat glistening needles. 
Sol. aftohol, ether, and benzene, insol. water. 
The ferrooyanide forms microscopic prisms.— 
B'jHjCljPtCl,: golden-yellow prisms (Heidlberg, 
B. 20,151). • 

Bi-chlorO'di-methylaniline C^fHjGljNMoj. 
(234®). From dimetliylanilino and Cl or SO.c4 
(Krcll, B. 5,878; WenghOffef, J.pr. [2] 16, 462). 
Liquid.—B'jH^PtClj, 

Tri-chloro-di-methyl-aalline OgHjCljNMcj. 
[32°]. (257®). from di-methyl-aniline and Cl 
(K.).-BHCl.-B',H2PtCV 

CHLORO-KETHYL-BENZENE v. Cnwao- 

TOLUENB.* 

flhloro-di-iqpthyl.benzane v. Culoko-xxlene. 
Chloro-trl-methyLbenzeue o. (^obo-mesi* 
TTLENE and CULOBe.t)/*OnU£NE. 

Chloro-tetra-methyl-benzene v» Oulobo- 

DUBEMB. 

Hexa-ohlor-heza-methyl-benzene Oi^H^Gle. 
[269®]. 8.G. 15 1-609. Probably C,(CH 2 Cn,. 
Formed by the action of PClj upon C„(CH,)j. 
Colourless, flattened prisms; commences to sub¬ 
lime at 269®; v. si. sol. ether, or hot CHCl,. In 
contact with boiling water, made slightly alka¬ 
line, it very slowly loses all its chlorine, giving 
a body of an alcoholic nature, [180®], t. sol. 
acids; which is sol. alcohol, si. sol. ether, v. si. 
sol. '•ater (Colson, Bl. [2] 46,197). 

Hexa-ohlor-hexa-methyl benzene OuHnOl,. 
[147®]. C,(CC1,)(CHXI),(CH,)2. ^ Formed to¬ 

gether with the preceding symmetrical isomeride 
by the action of PClj upon C,(CH,)e. Colourless 
crystals; sol. CHCl,. Boiling water, slightly 
alkaline, removes its chlorine. The product is an 
alcohol-acid, probably C,( 0 H 20 H) 8 (CH,) 2 (C 0 ,H) 
(Colson, Bl. [2] 46,198). 

TRI - CHLORO - TRI - METHYL - CARBINYL 
GHLORIBE V . Tetra-ohlobo-isoduxanb. 

TRI-CHLOEO-DI-METHYL CARBONATE 
CO(OMe)(OCCl,). (91®) at 42mm. Formed by act¬ 
ing on methyl alcohol with CICO 5 CCI, (Heutschel, 
J. pr. [2] 36, 314). 

H 6 xa-cliloro-di-inetliyl-oarbonateCO(OCCl,) 2 . 
[79®]. Distilsundecomposed. ColourlesscrystaU. 
Prepared by the action of^Cl on methyl carbonate 
(Counoler, B. 13, 1698). 

CHLORO - METHYL C ARBO-STYEIL 

t>. CHLOBO-OXX-MBTnYIi-QOINOLINB. 

B-CHLORO-a-METHYL CROTONIC ACID ^ 
CH,.CCl:CMo.CO,H. [69*5®]. Solidifies at 65®. 
^210°). From raethyl-ac|to-acetio ether and PCI, 
(Isbert, i. 234,188). Laminae (from hot water). 
Salt 8 f-MgA '2 2 aq.-ZnA'liBq. , . 

Reactions.^-l. NaOEt forms the ethyl deri¬ 
vative of B-oxy-a-methyl-orotonic acid.—2. Cone. 
KOHAq forms methyl ethyl ketone and CO,: 
ohloro-butylAe is not formed as Demarcay 
asserts 

Ethyl tther Elk'. (173°). 

PEE-CHIOEO ■ T^I-MEIHyL - CTANIBINB 
«, Paranitrih of Ibi-c bloio-mstio acid 
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CHIX)RO.TRIMETHYLENE GLYOOL. 


CHtOBO-TBIXETHYLENE OLTCOL v, 

G&TOERtN (|8)'0HIK)RHYDBIN. 

CaiOBO.UETHYI ETHEB t;. Cblobo-dx- 

ItBTBTL OXIDE. 

CHLOEO - METHYL - ETHYL- GLYOXALINE 
O^HiCIN,. Chloro-oxal-ethyline. (218®). S.G. 
1‘142. From eitherdi-ethyl-oxamide by PC1^( Wal- 
laob,i4.184,37; 214,261). Symmetrical ^i-ethyl- 
oxamide gives a good yield, the unsymmetrical 
a bad yield. CONBtH.CONEtH gives‘doubt¬ 
less, NEt:CCI.CCl:NEt as intermediate product. 
CONEt,.CONHj should give CCl«NEt..CN as in- 
•tcrmcdiate product, bat this tlien changes to 
CClNEt-CClNEt byintra-molecular change. This 
view is supported by ther production of chloro- 
cxal-ethyline by tl^ action of ?C1| on di ethyl- 
cxamo-nitrile, NE^CO.CN. 

Properties.- Liquid, with narcotic odour, v. 
e. sol.alcohol, ether, ligro'm.an^CHCl,. Changed 
by frequent distillation into an isomeric modifi¬ 
cation (220®-224®), iusol. ligroin. Water at 
290® decomposes it, giving NHj and NH^Et. 

Reactions.~l. Br in CS-^ or CtfCl, f^rms 
B'HBr, C*H,BrClN,Br,ilBr [113^], forming red 
needles, ana CjHgBrClNBrjflSS®]. Both bodies 
are unstable, and give, when boiled with water, 
chloro-bromo-oxal-ethyline.—2. KMnO^ gives 
oxalic acid.—3. Dilute H^SO^ at 240° forma NH, 
and NEt^ — 4. Cone. HjSO< at 220® gives 
acetic acid. — 5. Distilled over Ztww it forms 
para-oxal-methyline.—'6. Na added to its solu¬ 
tion in light petroleum forms di-oxal-cthyline, 
C.,H,jN 4 .—7. P and HI at 170® reduces it to 
oxahethyUne. 

Salts—B'HI aq.—B' .H.ZnCl 
BHBr.-B'HCl aq.—B'HgCV—B'4HgCl.:-B'Ij 
[U0®].-B'AgNO,.-B'H,C2O4. ' t 

MethylO'iodide B'Mel: [205®]; needles 
(from alcohol). 

CHLOBO-METHYL-TBr-ETHYL-PHOSPHO- 
KIUM CHLOBIDE CHBl.PEt,CL From methyl¬ 
ene chloride and PEt, (Hofmann, Pr. 11, 290); 
CH 3 (PEt,Cl )3 being formed at the same time. 
Fcrmed also by the action of water on the com¬ 
pound of PEt, and CCl 4 .-(CH 3 Cl.PEt,Ci) 3 PtCl 4 . 
Slightly soluble needles. 

CHBORO-METHYL-GlYOXALIirE C^H^ClNj. 
Chloro-oxalmetkyline. (205°). Y.D. 4’1 (obs.). 
8.G.«1-247. 

Preparation. — Purl di-methyl-oxamide 
(10 ptSjd is miied with PCI, f33 pts.) in the 
cold. On warming HOI is evolved. The pro¬ 
duct is distilled under diminished pressure, and 
afterwards with steam, and is finally extracted 
by shaking with CHClk (Wallacb, B. 14, 422; 
A. 214, 308). 

Properties .—reduced by HI to methyl- 
gljoxaline. 

Salts.—B'HI: needles, sol. water and alco¬ 
hol.-B',^C1,._ 

C^BO-METHYL^LYOXIK Vi Chlobo-* 

189'NITBOSO-AOSTOKX OHV. 

DI.CIH10BO-1IETHYI.IHDOIB * 
O.H,<^<S^)>CCl. [59'’]. L.ng needles. In- 

sol. slktlis. Formed bf methjrUtion ol ohloro- 
oxindol«.«liloride (Baejret, B. IS, 7S6). 
CHLOBO.>I£THTL.(mirDO)-ISATIir 

C.H,Cl<§^g>CO. [191°]. I^ng fine red 
needles. Sublimable. Homed, together with 


the formyl'derivative of ohloro-methyl-amido* 
benzoioaoid, by oxidatiopof the methylo-ohlcride 
of (B. lor3)-ebloro-quinoliDe with KMnO, (La 
Coste a. Bodewig, B. 18, 429). 

TETRA - CHLOBO - DI - METHYB - D1 - HE - 
TONE (?) CHCl 3 .CO.CO.CHCl/ (84®].' (202®). 
A product ofothe action of KCIO, and HGl on 
chloraniiio acid (Levy a. Jedlicka, B. 21, 318). 
Largo yellow fables (frem ether). Pungent; sol. 
water. Forms a phenyl-hydrazido [186®]. 

peb-chloro-meiotl-merwtan 

CCla-SCI (?). 'iyi‘Chloro~7nethyl-sulphurchloride. 
Thiocarbonyl tetrachloride. (k'*9® unoor.). S.G. 
1*722 at 0®; 1-7019 at 11®; l*09o3 at 17i®. 

Formation. —1. From methyl sulphooyanido 
and dry chlorine; the yield is 83 p.c. oi the 
sulpliocyanide (James, C. J. 5%, 292). — 2. Prom 
CS 3 and chlorine (Batbko, A. 167,180).—8. From 
CSCI 3 and Cl.,. 

Preparation.—By pissing chlorine (5 mols.) 
into cooled dry CS, (1 mol.) containing a trace 
of iodine; the product is freed from chloride of 
sulphur by treatment with wat^ and distillation 
with steam, and is then fractionated in vacuo. 

Properties. —Yellow oil, of very unpleasant 
strong smell. By long heating to its boiling- 
point it slowly decomposes, probably into CCl, 
and S. 

Reactions. —1. treatment with chlorine in 
presence of iodine it yields CCl, and 8 , 04 .— 
2. Alcohol forms an oil, possibly CS,G1„ and 
crystals of C,HA (12G®).-#3. Water at IGO® 
splits it up into COj, HCI, and S. Alkalis act in 
tlio same way.—4. By heating with sulphur at 
150?-160° it yields CS„ CCI 4 , CSCl,, per-chloro- 
methyl tri-sulphide (CCl,),^, and per-chloro- 
metbyl di-sulphide (CCljl^Sj*, but the latter ap¬ 
pears to be the primary product: 2CC1 ,.SCl + S, 
= (CCl,)jSa 4- S 3 OI,. Per-ch!oro-mothyl-di-sul- 
pliido is al.so formed by heating pcr-chloro- 
metliyl mercaptan with silver-powder, thus: 
2CCI,.SCUAg,, = {CCl 3 ),§,+ 2AgCI (Klnson, B. 
20, 2370).— 6 . By SnCI, it is reduced to CSCl,.— 
G. HNO, (S.G. 1*2) oxidises it to CC 4 .SO.Ol.— 
7. K,SO, gives C(SH)(SO,K),. — 8 . Aniline 
(2 mols.) forms CClj.S.NHPh; an unstable oil 
converted by excess of aniline into di-amid-di- 
phenyl sulphide, di-phenyl-thio-urea, and tri¬ 
phenyl-guanidine; and converted by aicohoUo 
KOH into CC4.S.NPh (?) [140®] (Rathke, A. 167, 
211; B. 19, .195).— 9. The analogous compound 
CC 4 .S.NHC,H 4 (CI^) is formed by adding 
(2 mols. of) | 7 -toluidine to its ethereal solution. 
This bodj 18 crystalline, and by boiling with 
alcohol it is decomposed into p-toluidine, GO, 
and HgS; alcoholic KOH splits off HGl, giving a 
bodjl[i38®], which probabl^^bas the constitution 
CC 4 .S.N.C,H 4 Me fRathke, B. 10,895). 

1-1 , 

HEXA-CHLOBO-METBYL-METHYIdSNEBI. 
KETOHE {CCl,?aO),CH,; (fiSs”).'-(c. 192°) at 
20 mm. la fie final sabstitgtioii product ob¬ 
tained b, the prolonged action of'chlorine upon 
acet, 1 -acetone at 120°-130°, and in direct sun- 
light. ColfuileBa liquid, decomposea when dia- 
tilled under ordinary preaeure. Treated with 
NaOH il moL) it girea tri-ol)io/-aaetone and 
Bodium tri-eblar-aoetata (Gombm, A, Ch, [ 6 ] 12, 
238). 

» CHLOBO ■ (8) - HETHTL ■ HAPHT HAT.BW B 
C,Ji,.CH,a [47°]. (108° at 20 HUB.). Vfhite 
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glistening plates. Formed hj passing chlorine 
jQto (i 3 )-m 6 thyl-Daphthalone heated to about 
260® (Schulze, B. 17,1629). 

CHLORO.DI-METHYL OXIDE O^HjOlO le. 
3HiC1.6.CH,. (#0°). From di-methyl oxide and 
Dl in daylight (Friodel, BL [2J 241161; 28,171 
0. i2. 84, 247; Klebor, A. 240, 97L Decomposed 
oy water into HCl, MeOH, and formic paralde- 
[jjkle (trioxymethyleno). Ammonia forms hexa- 
mothyleneaitino. KOAc gives CH^.O.CHj.OAc 
1118'^); which is decomposed by^watcr. 

Di-chloro-di«iothyl oxide {CO ,C1).,0. (105®). 
Y.D. 3-9 (calc. 4-0). S.G. 22 UlS. From Mo,0 
and, 01 in daylight (Regnault, A. 34, 31; A. Ch. 
[2] 71, 896). Decomposed by boiling water into 
HCl, formicVcid, and formic paraldehyde (But- 
lerow, Z. 1866, 618). 

Tetra-ohloro-di-methyl oxide (CHC1,),0. 
(ISO®). V.D. 6-4 (calc. 6’5). S.G. 1-G06. 
From MejO and Cl (Uegnault, A. Ch. [2] 71, 
*96). 

Hexa-chloTo4i-methyl oxide (CCl 3 ), 0 . 
(100°). S.G. 1*597. From Mo,0 and Cl in sun¬ 
shine (Regnault). Decomposed on vaporisation, 
the V.D. being only 4*67. 

2Vi-CHL0B0-METHYL-PASACONIC ACID 

V. Tm-CHLOBO-OIT-ETnrL-8DCCIN10 ACID. 

DI -CHIORO-DI-METHYL -p • PHENYLENE- 
DIAMINE C,H,Cl,(NMo,)(NH,) [5 :2:4: IJ. 
Formed, together with di-methyl-jj-phenylene 
diamine and di-Aloro-p-phenylene-diamine by 
boiling nitroso-di-methyl-anihne with HCl (1’2 
S.G.). By K,CrjO, and HjSO^ it is oxidised to 
di-chloro-quinone [169°]. By treatment»with 
Fe,Cla in presence of II,S and ZnCl, it yields di- 
chloro-methyleno blue (Mohlau, B. 19, 2010). 

CHLORO-METHYL ISOPROPYL KETONE 
CiH..C10 i.e. CH,CI.CO.Pr. (c. 120°). From pe- 
troleum pentane (?) or inactive amyl chloride by 
treatment with OrOjCl^followed by water (Etard, 
C. li. 84,127). Insol. water and aqueous KOII; 
reduces ammo^iacal AgflOj. Does not combine 
wifti NallSO,. • 

TEI-CHLORO-METHYL-PURIN 

n!Cci c n 

C,(CH,)Cl 3 N, i.e. I ’ ’ll* SCC\ (?) [174®]. 

CCl'.N.C.NMo/ 

Small colourless crystals. Insol. alkalis. 
Formed by heating di-chloro-oxy-methyl-purin 
with PClj and POCIj at 100® for eight hours. 
Heated with alcoholic NaOH it yields chloro-di- 
ethoxy-methyl-purin, which by HCk at 130° is 
converted into methyl-uric acid (Fischer, B. 17, 
331,1787). 

CH 10 E 0 -<.-MErHyL-Py 5 IDINE. O.a.ClN. 
Chloro.[a).picoline. [21°]? (165® uncor.). S.G.! 

l*14j. Formed by inducing the mixture of I 
penta- and'^exa«ohloro- picolipes obtained by< 
heating comoiiamio acid with PCL. The mixture 
is heated a(^ 240® with a solimon of HI in 
glacial acetic acid (Ost, J.pr. [2] 27, 278). 

Properties.—Colourless prisms. Smells like 
pyridine. Nearly insoluble in water, insoluble 
in potash, saluble in alcohol and in ether. 

Salts.-B'JHCl PnBm8.-|B',H01}aPtCl,. 
Needles or prisms. 

Chloro. methyl - pyridine O^HjClN. (1C0°- 
170°). From, potassium methyl-pyrrol and 
CHCl, (Giamician a. Dennstodt, B. 14,1102).— 
B'j3,PtCl,. 

VoL. II. 


Hexa-chloro-methyl-pyridlneCjHCl,N(CC!l,). 
[60°]. The chief product of the action of PC^ 
(7 mols.) on comenamio (di-oxy-pyridine car¬ 
boxylic) acid at 290® (Ost, J.pr. [2] 27, 277). 
May bo distilled with steam. 

Properties.—Laxf}(i oblique prisms, or plates 
(from alcohol). Insol. water, acids and bases. 

Chjoro-di-methyl'pyi'idine 
MeC =N-CMe 

I ij . Chloro-lutidine. (178°). S.G. 
HC:CC1.CH 


1*105 at 17°. Formed by heating oxy-di-methyf 
pyridine (leitidone) with PClj at 140®; the yield 
is 50 p.o. Colourles^oil. .SI. sol. water. 

Salts.—The hydrochloride forms slender 
neodies.—BUI^Cl.PtCi,: orange crystalline pp. 
—*B',H,Cl,HgCL/: [155°J,si. sol.water. Chloro- 
di-methyl-pyridine suspended in water gives 
characteristic pps. with picric acid KjCrjO,, 
CnSO^, and AgNO, (Conrad a. Epstein, B. 20, 


ICi). M 

•Tri • chlorca di - methyl - pyridine OjE^CljN. 
Formed by chlorinating (0)-lutidin#in presence 
ot iodine (Greville Williams, 0. N. 44, 308).— 


CHLOEO-DIMETHYL-PYRIDINE CARBOXY¬ 
LIC ACID 


MeC=N-CMe 

I B • ChlorO‘lutidine‘di‘ear- 
KO,C.C = CCl.C.CO,H 

boxylic acid. [o. 224°]. Formed by the action 
of PCI-upon oxy-di-raethyl-pyridine-di-carboxy* 
lie acid (lutidone-di-carboxylic acid) at 140®. 
White prisms. Soi. hot water (Conrad a. Ep¬ 
stein, B. 20, 164). 

Feata-chloro-tri-methyl-pyridinedi-carboxy- 
lio ether. Di-chloride. [150°]. From hydn^ 
tri-raethyl-pyridine di-oarboxylic ether by chlori¬ 
nation (Hantzsoh, A. 215,19). Woolly needles 
(from alcohol). 

{Py. 3).CHL0B0-(Py. l).METHYL.aUINO. 

CMe:GH 

LINE C,oH,NCl i.e. Ofi/ \ . [59®], 

\ N :CC1 

(29C® cor.). From {Py. 3)-oiy.(Py. l)»methyl- 
quinoline and PClj (Knorr, A. 230, 97). Mass of 
slender needles (from dilute alcohol); v. si. sol. 
water, V. sol. alcohol •and ether; volatile with 
steam.—BjH.PtCly 2aq. Reduced by HI to 
{Py. I)-methyl-quinolino. Water at IM® has no 
action: at 200® it converts it into oxy-methyl- 
quinoline. 

(Pv. 2)-Chioro-(Pt/. i).methyl-quinoline 
XMerCCl 

C,H.MeCIN U. .jig' 

skatole, chloroform) and alcoholic NaOH (Mag- 
nanimi, G. 17, 252). Delicate needles. Its 
picric aoid oompottnd melts at 208**, and 
its aurochlorido at 164°. _ 

ChloiO-methyl-qninoline C,H,MeCIN SA 


.H. 


.CH;CCI . , 

I *7). [71°]. Frommethjl-ketole, 
' N;CMe 
iorofonn.^nd alcoholic NaOH, thus, 
C,H,MeN + 2NaOH-6 CHCl, 

.. 0,H,MeClK+2NaCl+2H,0 
agnanimi, G. 17. 249). White needles, insol 
ter, sol alcohol and ether. The piorio acid 
mpound forms pale yellow needles [228°]. 
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CHLOBO-METHTL^lUINOLINE, 


{Py lyCblon-lPy. 3)-ni8tliyl-^tiiiiolin* 
X01:CH 

0,H.MeaN U. C.H,< I . (y)-Ghloro- 
\ N-.CMe , 

g^naldine. [43°], (270®). From PClj and ory- j 
methyl^jumolino, the product of condensation of 
aceto^acetic ether with aniline (Conrad a. Lim- 
paoh, B. 20, 944). Water at 220° gitfts o^y- 
methyl-quinoiine. HI in HOAc at 200? gives 
methyl-quinoline. The picric acid com¬ 
pound melts at 178°.—B'HBr. 

• (B. 4).Chlore-(B. l)-methyl-qainoliiie 

CH:CMe.C.CH;CH 

0»H,Me0IN U, \ ^ j( | . [49®]. 

From ( 6 , 8 , l)-cbIoro-m'toluidiQe, nitro-benzene, 
glycerin, and H^SO^ (Gattermann a. Kaiser, B. 
18, 2603). Needles; v. sol. alcohol, ether, and 
benzene. HI in HOAc converts it at 260® into 
(B. l)-methyl'qumoline. The picric acid 
compound melts at 172®.—B'HCl.HgCL— 
BWjCI,. r., 

(JPy. 8).Chloro-(Py. 2,3)-di*iift:thyl-qttin(fiine 

( OMe^CMe 

I . [181®]. From oxy-di-methyl- 
V 


quinoline and PGlj (Knorr, A. 245, 360). Crystals 
(from alcohol). Water at 200® forms again the 
di-methyl-carbostyril.—4aq. 

(Py, l).Chloro.(Py. 3; B. 2'4)-tri-methyl- 
qninoUne G^HyNCIMe,. o-p-Di-methyl-y-cliU^'^ 

^ui^uUdine. [114°]. (298°), Formed by the 
action of PClj in presence of FOCI, on (Py. 1:3; 

B.2:4)*Oxy4ri-methyl>quinoline (Conrad a.Lim- 

pach, B. 21, 627). Flat prisms (from ether). ^ __ 

Sublimeseasily. Almost insol.water, v.sol. dilute i action of silver-powder upon per-chloro-methyl 

..wJ V.............. <~t_ _!_ I __ A y-ii-rl ns-it . k .. \ rt . a i ...s 


ProptrHes.—hoag colourless needles, Sol. 
alcohol, ether, benzene, tto., inaol. water. Vola¬ 
tile with steam. Peculiar smell. Weak basa 
(liiigheimer a. Hoffmann, B. 17, 740t 18, 2976, 
2979). 

(Bp. 2;4:H - M - CHLOBO -'ilETHVX -180 - 
.CMe=CCl 

atrniOLINB 1 . [ 102 °]. Formed 

\cCl «N 

by the action of POCl, upon the imide'ol 
phenyl - methyl - acetic • o • oarlftxylic acid 
.CIIMe.€0 

I • liong fiat^Accdlea (Gabriel, 

\C0 - NH 

B. 20, 2504). 

DI4JHL0R0-DI.KETHYL-SUCCINIC ACID 

C, H,C 1,04 CO^.CClMe.CClMe.CO,H. Bt- 

chloro-adip^ acid. [185°]. Formed, together 
with pyrocinchonio acid, by the action of ‘ mo¬ 
lecular ’ silver upon a-di-chloro-propionio acid 
in benzene solution (Otto a. Beckurts, B. IB, 
847). Small crystals. Sublimable. V. sol. 
water and alcohol, v. si. sol. bdazene. 

BeeKtums .—By further action of ‘ molecular ’ 
silver it is converted into pyrocinchonio acid 
COoH.CMeiCMe.COj^H. On redaction it gives 
as chief product di > methyl • succinic acid 
CO 2 H.CHMe.CHMe.OO 5 H [194®]. By the ac¬ 
tion of alcoholic KOH, or by heating the silver 
salt with water, chlorotiglic acid C 4 H<,Cl(CO.J{) 
is formed of melting-point [^®]. 

Salts.—A^'Ka,: plates.—A"E 52 aq; plates. 
—A^Agj: white crystalline pp. 

PEE-CHLORO-KETHYL-DI-SVLPHIDE 
(CCIjIjSj. (135® in vacuo). Obtained by the 


acids, aicohoi, ether, and benzene. On beating 
with aniline the chlorine is replaced by NHPb.— 
(B'fiCJ) 5 PtCl 4 : Needles; v. si. sol. hot water. 
Bi-ohloro-fP^. 3)-iaethyl-qainoline 
XH:CH 

0,H|01^ I . Di^hioro-quinaldine. [46°]. 
\ N:CMe 

(300°). Obtained by heating di-chloro-o-amido- 
benzaJdehyde with sodium acetate and aqueous 
NaOH yinchm, B. 17, 755). 

Di-onloro-(B. l}-methyl-quinoline , 

OJETfNMeClf. [275°]. Formed by dissolving 


mercaptan: 2 CClj.SCl + Ag,=(CC^jS, + 2 AgCI. 
I Also formed by heating per-chloro-methyl-mer- 
! captan with sulphur. Thick yellowish oil, of 
slight turpentine-like smell. By distillation 
at the ordinary pressure it decomposes into 
CClj.SCl, CSCI 3 , and other predicts. By heating 
with sulphur at about 170® it yields per-ch(oro- 
methyl tri-sulphide (CClj),Sj (Elason, B. 20, 
2379). 

Per • ohloro • methyl - tr5- sulphide ( 0011 ) 589 . 
[57®]. (190® in vacuo). Formed by heating 

per-chloro-metbyl di-sulphide with sulphur at 


(B.l)-methyl.quinolineir boric acid and treating ; 170® (Klason, B. 20, 2380); or bypassing ohlo- 


this with B solution of bleaching powder (Bin- 
horn a. X^auch, A. 243,361). Needles (from acetic 
fitberi. 

(By.l:2:3)-Tri-chloro-(B.4)-methyl.qainoUtie 
.CChCCl , 

oacoHjX; I . Tri-chloro-ioUiquinolint. 
'N i CCl 

[113°]. Formed bj heating (Py. 2:3:l)-di-chloro- 
oxy-(B. dl-mcthyl-quinoline with PCI, at 125°. 
Long ooionrloBB needlee. Very volatile with 
ateam. Peculiar smell (Bflgheimer a. Hoffmann,' 
B. 18,2988). 

(Pp.l:3:3)-Iri-eUoro.(B.3)-m*thyliqninoline 


OA(c; 


XC1:CC1 


Tri-chl<fto-toluquinoline. 


[184°]. Formation.—1, By the aation of PCI, 
apon milon-pbenyl-amie acid. —2. The acid 
malonate of p-toluidine (5 g.) is covered with 
benzene (50g.) and POl, (25g.) slowly added; 
after standing for some tfcne the reaction is 
eoiupleted by heating to boiling. 


rine into CSj containing iodine (Rathke, A. 167, 
209). Flat prisms; v. e. sol. ether, CS;. and 
warm alcohol. On distillation at the ordinary 
temperature it decomposes into CGI 3 .SCI, CSCl,, 
S, and otDer products. 

TBI • CHLOBO. MBTHTL-SULPEUB - OHIO- 

BIDF V. PEB-OULOItO-HETBYL-UBRCAPTiN. 

CHIiORO-K£XH7L.DB£A. 

Acetyl derivative G^n^CljNjOs i.e. 
OH,Cl.NH.CO.NH.OO.fcH,Cl. [ia0°]< From 
chloro-aoetamide, Br, and at^eouj KOH (Hof¬ 
mann, B. 18,i2785). Decomposed by acids and 
alkalis into lormio aldehyde ohloro-aoetio 
acid. 

CHLOBO'HDCONIC ACID v. Mucokzo acid. 

(d)-CHI»BO-KAPHTHAL£KS C,,HyCl ».e. 

>GCn;CH • ^ * 

C^h/ I . (261°) (P. a. 83 5 (268°) (Atler- 
\CH;CH 

berg, !Dl. [2] 28, 609). S.G. t! 1*20 (0.). 

Formation. —1. By heating (ojhdiazonaidithal- 
ene with a large excess of HCl; the yield is 
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88 p.o. of the theoretical (Gasiorowski a. Wayss» 
B> 18,1939).—2. By boiling naphthalene diohlor- 
ide with alcoholic KOH (Laurent, i. 8, 

13; Faust a. Saamo, A. 160,68; Z. [2] 6,705).— 

3 . By tlfb action W PClj on (a)-nitro-naphthalene 
(Be Koninck a. Marquart, B. 5, fl) or on naph* 
thalene (a)-8ulphonic acid (Cariu|, A> 114, 145). 

4. From (a)-nitro-naphtlialene and Cl (Atter- 

B. 9, 317, 927). 

Breparaitlwi.—By chlorinating naphthalene, 
* washing with alcoholic potash* and fraction¬ 
ating (lloux, Dl0{2] 45, 515). 

Properties. —Liquid, not solid at -17®. 
In QSi solution it is not much acted upon by 
Al.;Cla, but if (a)-chioro-naphthalono is warmed 
with 20 p.c.of itsweight of Al,Clg, some naphthal¬ 
ene and tarry matters are produced together with 
the (8). compound. In^this reaction, therefore, 
it behaves in a similar manner to (a).bromo- 
uauhthateno. Picric acid compound [137®]. 
• Xn:CCl 


(8)-ChIoro-ttafhthalene C,H 4 < 




I [57"]. 


^ 4 \ 

\CH:CH 

(252®); (265® cor.). S.G. ^ 1266 (R.). 

Fonmtion,—!. By heating (fl).diazonaph. 
thalene with a large excess of HCl; the yield is 
45 p.c. of the theoretical (Gasiorowski a. Wayss, 
B. 18, 1940; c/. Liobormann a. Palm, i4. 183, 
270).—2. By the action of PCIj on (]8)-naphtliol 
or on naphthalene (fl)-sulphon ic acid (Kimarenko, 
B. 9, 663; Cl^verBf. [2] 25, 257).-3. From 
Hg(C„H 7 ), and SOCl, (Heumann a. Kdchlin, B. 
16,1627).—4. By intra-moleoular change ^rom 

(а) -chloro-naphlhalene (q. v.). 

(l:2) I>i-chloro-naphtnalene C,oH,Cl, [1:2] 
[35°]. Formed by dropping a solution of potas¬ 
sium nitrite (4 g.) in water (20 c.c.) into a boiling 
solution of {a)-chloro-(8)-naphthyIainme hydro¬ 
chloride (10 g.) and cuprous chloride (6g.) in 
hydrochloric acid; yield—4g. Also from (a)- 
chloro-(/3)-naphthol and PCIj and from chloro- 
(o) naphthylamine (obtamed by reduction of di- 
chlSro-a-naphthylamine) by replacing NH, by 
Cl. Monosymmetrio tables, a:6:c = 1*6196:1: ?, 
^»76®46' (Cldve, B. 20, 1991). On nitration 
it yields di-chloro-di-nitro-naphthalene [170®]. 
CrO, forms di-chloro-naphthoquinone [181®]. 

(n)* or (1, 3 >Di-chloro.naphthalene C,oH„Clj. 
[48®]. From naphthalene (^)-sulphonic acid by 
nitration and treatment of the resulting (8)- 
nitro-naphtholeno (8-)-BuIphonic acid mth PClj 
(Cl^ve, Bl. [2] 29,499). Also from (i8).naphthyl- 
amine ( 7 )-aulphonic acid by exchaeging NH, 
for Cl and treating Ihe product with PClj (Fors- 
ling, B. 20, 2105). Also from {* 8 ’)-naphth^ene- 
dt-sulphonio acidand PClj (Amistrong^.Wj^ne); 
and synthetically from wAhloro-phenyl-isocro- 
tonic (Erdmann a. Kirchhotl). Oxidation 
by UNO, giv§s chioro-phthalic nitro-phtba- 
lic acids. ^ 

(d) or (l:3)|Pi»ebloro.Baphthalm6 

[81“uncor.]. (280" aneor.). 

Formation.—'h From (S)-nitro.ieBphthalene 

(б) -&ulphonic«acld and P^, (Cl4ve, Bi. [2] 29, 
415). — 2. Froft) di-ohloro-(o)-naphthylammo 
[82®] by the diaa»* reaction. 

Properties .—Flat glistening plates, or slender 
white needles; may be sublimeA By HROjitis 
oxidised to phthalic acid (CWve, B. 20, 449j. 
The so-called * a ’-di-chloro-naphtholene [38®j u 


a mixture of the 6 and ' 0 *• isomorldes. It gives 
a sulphoohloride [148®]. 

Di-ohloro-naphthalene OioHjClj [1:2']. [64®]. 

Formation. —1. From 0-chloro-naphthalene 
sulphonic acid and PClj (Arnell, BL [2] 45,184; 
Armstrong a. Wynne, C. J. Proc. 4, 106).— 
2. Frcftn (8) - naphthol • (‘ o ’) • sulphonic acid 
(Bayers acid) by heating with PGlj (Claus a. 
Volz, B. 18,3157).—3. From {8)-naphthylamine- 
(‘ a ’)-8uIphonic acid (Biulische acid) (Forsling). — 
4. From ohloro-3-naphlhol [101®] and PCl^ 
(C. a. V.).—5. From p-chloro-phenyl-paraconic 
acid (Erdmann a. KirchholT, A. 247,379). 

It gives a sulphoohloridp [119°]. 

(* 0 ’) or (l,4)-Di-chIoro-naphtlialene 
.CChCH 

C^HjCljUCjHX I . [68®]. (287®). 

. XChCH 

Formation.—!. By distillation of naphthal¬ 
ene tetrachloride (Krafft a. Becker, B. 9,1089; 
Faust a.Baame, A. 100,70).—2. Fromnaphthal- 
ent^and^ljO tkermann, A. 161, 63).—3. From 
(a).chloro-naphthalene in CHCl, ajtd Cl (Wid- 
mann, Bn. 11,139).—4. By the action of PClj on 
(a)-nitro-(a)-naphthol (Atterberg, B. 9,1189),on 
bromo-naphthalcne sulphonic acid (John, Bl. [2] 
28, 616), or on chloro-naphthalene sulphonic 
acid, obtained from (o)-naphthylamin 0 -p-Bulpho- 
nic acid (Cleve, Bl. [2J 26, 242). , 

Needles (from alcohol). Boiling 
dilute HNO, forms di-chloro-phthalicacid. CrO, 
in HOAc gives di-ohloro-naphthoquinone [174°]. 

(C) or Peri-Bl-chloro-naphthalene C,»HjCl„ 
Cl Cl 

proMibly (Ekstrand,B.18,2881).[83"]. 

Formed in small quantity on distilling */3’-di- 
nitro-naphtlialene with PClj (Atterberg, B. 9, 
1732). Formed also by nitnatjug ( 7 ).di-chloro- 
naphthalene, reducing this to chloro-napbthyl 
amine [91®] and displacing NH, by Cl (AUer- 
berg, B. 10,648). Prisms. 

(ic)-Di-chloro-iiaphthalene Gi^HjCl,. [94® 
uncor.]. Formed by heating (a)-naphtJiol sul- 
phonio acid with PCI, (Claus a. Oeler, B. 16, 
.314). On moderate oxidation it pves {a)-naphtho- 
quinono and by further oxidation phthalic acid. 

( 7 ) -Di-chloro-iiapIitDalene Ci^HjCl, [1:4^? 

(Ekstrand, B. 18. 2881). [107®]. Formed by 
the action of PClj on (aj-nitro-naphthalene, or, 
better, on (♦«’).di-nitro-naphthalen 0 (Atterberg, 
B. 9,317,1188,1734), and on (a)-nitro-naphthal- 
eno (a}-8ulphonio acid (cleve, Bl. [2] 606). 

Also from (o)-naphthylamino sulphonic acid 
(Laurent’s naphthalidinio acid) by diazotisation 
and distillation of the msulting diazo-naphthal- 
ene sulphonic acid with PCI. (Erdmann, B. 20, 
«186). Formed synthetically from o-ohloro-, 
phenyl-parooonic acid# Scales. Gives a nitro- 
derivative<142®], and a di-nitro-derivative [246°]. 
Oxidation by HNO, gives ohloro-nitro-phthalic 
acid. CrO, in*HOAo gives c-chloro-phtholio 
acid [184®] (Guareschi, Q. 17,119). 

(8) -Bl-ohlfro-naphthalene C,(,HsCl,. [114®]. 
From naphthalene-(‘ a')-di-6ulphonio acid and 
rClj (CUve, Bl. [2] 26, 244). Large tables; v. 
sol. boiling alcohol. Dilute HNO, gives ohloro- 
phthalic acid. It i#perhap8 C„H,Cl.j [2:2']. 

(»).Di.chloro-iiaphthHlene 0„H,CI,. [120“J. 

From napbth^ene tetraohloride (4 pis.) and 

• 2 
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AgjO (3 pta.) at 200° (Leeds a. Everhart, Am. 
2, 21l). Formed, in vety small quantity, when 
0,A01. ifl decomposed by alcoholic EOH (Wid> 
maim, B. 15| 2162). Very thin laminte; si. sol. 
cold fdcohol. 

(e) or {2,8^?.Di.ehIoro.naphthal6ndGioH(Gi,. 

ri86°]. (286® nncor.). c 

Formation ,—1. By distilling (j9)-chIor^naph< 
thalene-snlphonio chloridevdth PCI}; thechloro- 
naphthalene-sulphonicacid being obtained either 
by sulphonation of (/3)-ehloro-naphtbalene or by 
*'tbe action of cuprous chloride upon the diazo- 
compound &om the (3)-Daphthylamine6ulphonic 
acid obtained from (3)-n^hthol sulphonic acid 
and NH, (ForsUn^t B, 120, 81; Ariiell, Bl. [2] 
46,184).— 2. From naphthalene (‘ 3 ’)-disulpho- 
nio acid, and from (3)-naphthol (a)-8ulphonic 
acid by distilling with PGl, (GU^ve, Bl. [2] 25, 
244; Armstrong a. Graham, C. J. 39, 142; 
Glaus a. Zimmermann, B. 14, 1483). Needles 
(by sublimation) or large monoclinic t^Ies (from 
alcohol). Volatile with steam, ^ol. enier,(ftilo- 
roform, an^benzene, si. sol. alcohol. On oxida¬ 
tion it gives chloro-phthalic acid C^HjC^GOjH).^ 
’’4:2:1] and (*3’)-di-chloro-(o)-naphthoquinone 
{149®] (Claus a. Muller, B. 18, 3073). 

(f) -Tri-chloro-naphtbalene C^H^Cla. [50®]. 
Prepared by heating di-chloro-naphtluilenc {$)• 
sulphonic chloride with PCI5 (WKiiuann, B. 12, 
962). Fine white needles. Insol. water, si. soL 
hot alcohol, v. sol. benzene. 

(<)-Tri-chloro-naphthalene CioHjCl,. [65®]. 
From ^-di-chloro-naphthalene by nitration and 
treatment of the resulting Ci^^CljINO^) with 
PClj (Cldve, Bi. [2j 29, 600). Needles, v. sol. 
alcohol. • 

(d).Tri-ohloro-naphthalene C|oH,Cl,. [76®]. 
From nitro-naphthalene (‘ a ’).di-suIphonic acid 
and PClj at 225® (Ai6n, Bn. II, 140). Small 
needles (from HOAc). V. sol. alcohol, m. sol. 
boiling HOAc. 

(*o ’).Tri-chloro.naphtlialene CjoH^Clj. [82®]. 

formation .—1. By the action of alcoholic 
EOH upon (a).chloro-naphthalene-tctra-chloiide 
(Faust a. Saame, A. IfiO, 71). — 2. By heating 
(o)-na^thol-di-sulphonic chloride with PCI, 
(3 mols.) at 170®-180® (Claus a, Mielcke, B. 19, 
1182). 

Properties.—Xlolourless needles. V. sol. 
chloroform, ether, and hot alcohol. HNO, at 
200® gives tri-chloTo-nitro-phthalio acid (Wid- 
mann, B2.[2] 28,511), 

C :CC1 
( 

:Ca 

[90° oncor.]. (aBove 860°). 

Formation .— 1. By heating di-ohloro-(o). 
naphthoi [101°], or sodium (a).naphthol (3)*8al. 
phonatewith PCl^at 130°-140® (Clausa. Enyrimi 
B. 18, 2926).—2. By chlorinating (a).nitro-naph- 
thalene (Atterberg, B. 9,926). «> 

Properties .—Needles (from alcohol). May be 
Bublirned. Insol. water, v. sol.*other solvents. 

Tii'Chloro-naphthalene C.^HsCIj. [90®]. 
Formed together with di*ohior*'(3}-naphthd 
[12 >®], by heating sodium (3)-naphthol (3)«di> 
Bulphonate with 6 mole, of PGI^ at 210®. 

Properties.—Fme vhito needles. Snbli* 
nmble. V. sol. e^er, beAene, etc., and hot 
a.cohol, s). sol. cold alcohol. Heated with nitric 
aoiJ (S.G. 1*16), at 210° it yields a syrupy di* 


ohloro>phthalio acid. By OrO, it is oxidised to 
the same di-obloro-phthalio acid, together with 
a tri-ohloro>(a)-naphtboqumone whi^ gives an 
anilide G,oHsCi2(NHPh)03 which melts at [228®]. 
Hence it appears to be diffeftnt fronf the tri* 
chloro-napbtlfalene of melting-point [90®] 
already knowy (Glaas a. Schmidt, B. 19, 8174). 

(y).Tri.chloro.napirthaleae 0,^,0!,. [103®]. 
Long white needles. Prepared by distillatioii: pf 
diGhlorO'naphtha!ene*(a)-8ulphonii chloride with 
PCI5 (Widmams, B. 12, 2230). Formed also by 
chlorinating (a)-nitro-naphthak»ne (Atterberg, B. 
9, 317). Prisms. By heating to 170® withHNO* 
(1*42) it gives di»nitro-di.chloro.phthalio acid. 

(ij).Tri-chloro.naphthalene CmHjCls. [113°]. 
From nitro-naphthalene (3)-di8ulpHonic chloride 
and PCI, at 190® (A16n, Bn. II, 140). Needles 
(from HOAc). V. sol. ^arm alcohol; v. e. sol. 
benzene. Volatile with steam. 

(a)-Tri-chloro-naphthaleae C,oH,CI,. [m% 
Formed by the action of PCI, on {‘ 3 ’)-di-nitro- 
naphthalene, uitro-(7)-di-obiorO'>naphthalene, 
(‘a’) chloro-di-nitro-naphthalene [100®], (‘3’)* 
chloro-di-nitro-naphthalene, and nitro-(‘3’)-di- 
chloro-naphthalene (Atterberg, B. 9,1187,1733; 
Widmann,Bi. [2] 28,511). Long needles. Ozida* 
tion gives di-chloro-phthalic acid. 

a ’)-'Xetra.chloro-aaphthalene C„H,OL ■ 

[130®]. Formed by the action of alooholio KOH 
on the (*o’).di-chloro-naphthalene {‘a’)-tetra* 
chloride, obtained by cblorillating naphthalene 
(Faust a. k:)aame, A. 160, 72). Formed in the 
satn^ way from (‘ 3 ’)-di-ohloro-naphthalene tetra* 
chloride, and from (* 3 ’)-tri-chloro>naphthalene 
^ dicliloride (Widmann, Bl. [2] 28, 611). Long 
I needles. Oxidation gives di«ohlorO'pbtlialio 
I acid. 

Tetra-chloro.&aphthalene M. 

XChCCl 

I (?). [148° unoor.]. Formed by 
\CC1:CC1 

heating (a)-naphthol-tfi*8ulpho£o chloride with 
PCI, (4 mols.) at 210®-250®. Sublimes in colour- 
' less feathery needles. Crystallises from toluene 
in long thin needles. V. snl. hot alcohol, ether, 
chloroform, (&c., si. sol. cold alcohol, insol. water. 
On oxidation with CrO, or HNO, it is converted . 
into di-cbloro-(a)-naphtboqainone [189®], 

XO.CCl 

n , together with chlorinated 
\CO:CCl 

phthalio acids (Claus a. Mielcke, B. 19,1184). 

Tetra-ehloro-naphthalene OjoH^Cl^. [141®]. 
Formed by the action of sloohoUc EOH on (>)• 
di-chloro-naphtbalene tetrachloride [85®], and 
on tA-cbloro>napkthaIene di-chloride [03^ (At¬ 
terberg a. 'Widmanfl, B. 10, 1842). Slender 
needles; si. sol. aloohOl. May be identical with 
the preceding. • • ^ 

(C) • Tetra - chloro - naphthalene C.,H,Cil«. 
[160*5®]. F(#med by acting cb W-di-chloro-di- 
nitro-naphthalene with PCI, (Amn, Bl. [2] 36, 
435). Interlacing needles. 

\y) • Tetra - cUoro • naphthalene 0,«H,Cl4. 
[17o®]. Obtained 1^ the action of alcoholic 
KOH on (* a ’Udi-chloro-naphthhlene (* a ’)-tetra- 
chloride got by chlorinating naphthalene (Wid- 
maun, B. 10,1724; BA [2] 28.512). Flat needles, 
si. sol. alcohol. ^ 

(«)-Tetra-ohloro-naphthaleneC.,H4Cl4.p80®]. 
From di-Ditro-(7}-di-ohloro-Dapbti}alene by di^ 
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Ulling with PGl^ (Atterberg a. Widmann, B. 10, 
1843). Long needles; al. sol. alcohol. 

8 ')*Tetn(«ohloro*naphtliaIene ^ O^H^Gl^. 
[194°]. formed by chlorinating nitro-naphthaU 
ene (Atibrberg, J. 9,818). Keedlos, v. si. sol. 
alcohol. * 

Penta-obloTO-naphthalene C,eH,OL i.s. 
.CH:CH • 

I • [ 1 W°]. (above 300°). Pre- 
\CCI;CK 

pared by heating di-ohloro-(a)-n]^phthoqumone 
with twice its weight of PClj to 250° (Graebe, A. 
149, 8 ; Claus a. Lippe, B. 10,1016). Needles 
(froD) alcohol). On oxidation with fuming ENG, | 
at 110 ° it gives tetra-chloro-naphthoqninono. ^ 
Dilute HNO,%t li 0 O° gives totra-chloro-phthalio 
acid. 

(‘ A ')*Penta-chIoro-n|phthalene CjoHsClj. 
[177°]. From nitro*(4)*tetra*chloro-naphthalene 
and PCl^ (Atterberg a. Widmann, B. 10,1848). 
Niedles. Oxidises to tri*chloro>phthalic acid. 

Heza-chloro-n^phthalene GiuH^^Clg. [143°]. 
Formed by chlorinating tri-ohloro-naphthalone 
(Laurent). Six-sided columns; v. si. sol.alcohol, 
m. sol. ether. May be oxidised to hoxa-chloro- 
naphthoquinone. 

/CChCCl 

0 ).Bepta-chloro<naphthaleue C.CL/ | 

\CC1:CH 

[194° uncor.]. Formed by heating tetra-ohloro- 
(a)-naphthoquinon<^(l pt.) with PClj (2 pts.) for 
0 or 8 hrs. at 250°. Small colourless needles. 
Sublimable. By heating with HNO, (1*6 S.G.) 
it iaoxidised topenta-chloro-(a)-naphthoquinono 
[217°], and tetra-cbloro-phthalic acid [250°] 
(Claus a. Wenzlik, B. 19, 1165; cf. Claus a. 
Lippe, 3.16.1019) 

Fer-ohloro«iiaphthalone O^Cls. [203° uncor.]. 
(403°). Formed by heating tetra-ohloro-oxy- 
naphthoquinone [265 A penta-chloro-(a)-Daph- 
ihoquinone [ 21 ^], or (a)*naphthol-tri-Bnlphonio 
chloride, with PCI, at 950°. Prepared by the 
pro&acted chlorination of naphthalene in pre* 
Bence of SbCl^ (Bcrtbelot a. Jungileisch, Bl. [2] 
9, 446; A. Ch. [4] 332). Colourless needles. 

Sublimable (Claus a. Wenzlik, B. 19, 1109; 
Claus a. Mielcke, B. 19,1186). By heating with 
SbCl, at 290° it is split up into C^H,, C.Cl^, and 
CC1< (Ruoff, B. 9,1048). It is partially converted 
into naphthalene by posing with hydrogen 
through a red-hot tu^. 

DI.CHLOEO. NAPHTHALENE TETBA. 
9E0MIDE CioH^Cl^Br.. [c. 100°]. • From di- 
ihloro-naphthalene aud Br. 

(a) - CHLOEO - NAPHTHALENE TETEA - 
CHLOEIDE O.^^Clj. [14°].* Formed by the 
action of Cl on naphthalqpe ^aust a. Saame, A. 
ICO, 67) 9t on (a).ohloro*naphthal 8 ne (Widmann, 

B. 10, 1724t Bf. [2] 28, 603). MonocUnio 
prisms (from chloroform). Oxidation gives phtha- 
ho acid. Aioolioflo KOH forms (‘ a ')-tri-ohloro* 
naphthalene. 

(i3)>0hloro*naphthalene tetra-cblgride 

C, qH, 01.. From (fil-ohloro-napbihalene and 01 

(W.). oa. ^ t • 

BUobloroo&ai^tbalene tetra-obloiide 
CiiH.Cl,. [ 86 °]. Prom ( 7 ).di.chloro*napbthal 6 ne 
*ud Cl (Atterberg a. Widmann, B. 10, 1841). 
Prisms. Aloob(fiio KOH gives (S)*tetra‘Obloro« 
naphthalene. 


Bi ebloro*napbthalene tetra-obloride 
G|^gCl„. [172°]. Formed by the action of Cl 
on (* a ’) or (‘ i8 ’)-di-chloro-naphthaJene (Wid. 
mann, Bl. [2] 28,606). Monociinio prisma (from 
CHCI 3 ). y. e. sol. HOAc and benzene. Oxida¬ 
tion gives di-chloro-phthalio acid. Alcoholic 
KOH giwes (* o ’) tetra-chloro-naphthalene. 

I>i-|hlo:ro-naphthalene tetta-ohloride 
CijHyClj. Formed, together with the preceding, 
by the union of Cl with (‘ a ’)-di-chloro-naphtha1- 
ene. OU, Alcoholic KOH gives (y)-tetra-chloro- 
naphthalene. ' 

(‘ a ’). Tri - chloro ■ naphthalene di ■ chloride 
C,„H,Clj. [93°]. FrAn (y^^i-chloro-naphthal* 
cue and Cl (Atterberg a. Widmann, B. 10,1842). 
Alcoholic KOH converts it into (8)-tetra-chloto- 
naphtholene. 

{*&')• Tri • chloro. naphthalene di - chloride 
C,jHf,Cl 5 [152°]. Formed, together with 
; C,„H,CliHOAc [195°], by passing chlorine into a 
I soliUion^f (a)-chloro-naphthalene in glacial 
I HOAc (WidmaAn, Bl. [2j 28,507). Short prisms, 
si. sol. alcohol. ^ 

I CHLOEO - NAPHTHALENE SOXPHINIC 
ACID Ci^yCLSO^H. Formed by the action of 
sodium amalgam on (a)-chloro-naphthalene sul- 
! phonic bromide (?) [115°] obtained from bromo- 
' naphthalene sulphonic acid by PCI, (Gessner, B. 
9, 1504). Slender needles (from alcohol). — 
BaA'j 1-^aq. 

(a).CHL0K0.NAPHTHALENE (a).STTLPH0- 
NIC ACID C,oH,ClSO, i.e. C,.H,C 1 (S 03 H) [l:4^. 
Obtained by heating (a)-diazo-(a)-naphthalene- 
sulphonic acid with HCl. V. sol. colourless 
tables (containing 2aq). 

Salts.—A'K: silvery needles.—A'Na: thin 
scales.—A'Ag: thin tablets, v. si. sol. cold water. 
A'jBa aq: sparingly soluble powder. 

Ethyl ether A'Et: [46°]; large monosym* 
metrical prisms, a:6:c = 1'6785:1:?, 68'. 

Chloride C,eH,Ci(SO,Cl): [95°]; large crys¬ 
tals (from chloroform). 

Amide C^HjC^SO^NH,): [226°]; sparingly 
soluble silvery scales (CUve, B. 20, 72). 

(a).Chloro-naphthalene i0)-sulphoniii* acid 
C„H,ClSO, i.e. 0„H.C1(S0,H) [1: 2'or3']. Ob- 
tained by the action of Cu^Cl, upon the diazo- 
I compound of the n&phthylamine sulphonic 
formed by reduction cf the *3'-nitro-naphthal- 
one (3)-sulphonic acid (sparingly soluble Ba salt), 
which is one of the products of the nitration of 
naphthalene (j6)-sulphonic acid. 

Properties.— sol. ccAourlesa rhombic tables. 
When heated in a current of steam it yields (a)- 
chloro-naphthaleno. * 

Salts.—A'Ag: thin glistening tables, sol. 
hot water, si. sol. cold.—A'.Ba aq; sparingly sol. 
crystalline powder. 

Ethyl ether A'E^: [111°]; monosymme- 
trical crys^ls, a:6:c« *4307:1:?, $ = 86° 46'; v. 0 . 
sol. hot alcohol. 

Chloride G,.H,01(80,01): [U4°]; small 
scales. 

Amide C,ACl(SO,NH,); [216°]; thin 
plates (Cldve, B. 20, 74). 

(a).Chloro-naphthalene n-ialphonio aeU 
Oj,H,CiSO, U 0,oH,01(SO,H) [1:4]. 

Fomafton.—1. D^sulphonation of (a)-ohloro« 
naphthalene (Zinin, J. pr. 83, 86).—2. Prom 

(a)-naphthylamine-p-snlphonioacid(naphthionK 
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acid) by the action of Cu-Cl, upon its diaio- com¬ 
pound. 

Pr&tiertics ,—Silvery plates. Converted by Br 
into chloro-bromo-naphthalone [67°]. 

Balts. — KA'. — BaAV — ZnA'j 6 aq. — 
CuA', 7aq.—AgA' aq (Arnell, Bn. ii. 153). 

£ t ft V1«t b e r EtA': [104°]; large thin mono- 
olinio tables, o: 6 :c = l'3281:l:l-12G2. 3 = 80° 69'. 

Chloride C„H.C1(S0,C1): [95°]; gives, 
with PCI,, 3 ’)-di-cliloro-naphthalene [ 68 °] 
(Arnell, Bl [2] 39, 62). 

» Amide C„H,Cl(BO,Niy: [187°] (Cleve, B. 
20,73). 

(a) • Chloro. naphthalene enlphcnlc acid 
C„H,C1.S0,H. Fofmed in small quantity, to¬ 
gether with the preceding, hy sulphonatingohloro- 
naphthalene with Cl.SO,H (Armstrong a. Wil¬ 
liamson, C. J. Free. 2, 234). , 

Chloride C,^.C1.S0,C1: [127°]; short 
thick prisms. 

(3) - Chloro - naphthalene snlphofic acid 
C„H,Cl(SO,H). Sparingly sol. wter. ” " 

Formatie n. —1. By sulphonation of { 3 )-chloro- 
naphthalene by ELSO, or C1S0,II (Arnell, Bl. 
[2] 45, 184). It appears to be formed by isomeric 
change from the preceding by heating to 150° 
(Armstrong a. Wynne, C. J. Proc. 3, 22,145).— 
2. By the action of cuprous chloride upon di- 
azotised ( 3 )-naphthylamine-sulphonic acid ob¬ 
tained by treatment of ( 3 )-naphthol sulphonio 
add with NH,. 

Salts.—BaA'r-KA'Jaq. 

Chloride C,3.C1(S0,C1): [110°]; needles; 
by distillation with PCI, it gives («)-di-chloro- 
naphthaiene [136°]. 

Amide C,.H.Cl(SO,NH,) : [184°]; ndjdles 
(Forsling, B. 20, 80). 

( 3 )-Chloro-naphthalene sulphonio acid 
0.,H.C1.S0,H [2:3']? 

Formatwti.—l. By heating ( 3 )-chloro-naph- 
thalene with fuming H.,SO„ and separated from 
the preceding acid through the greater solubility 
of its lead salt (Arnell, Bl. [2] 46,184).-2. By 
diazotising ( 6 )-naphthylamine sulphonio acid, 
and boiling with cone. HCi (Forsling, B. 19,1716). 

Properties. — Trimetrio scales.—BaA', 4aq: 
lamincQ.—KA' aq : small scales. 

Chloride [129°]. Qrnverted by PCI, into 
di-chloro-naphthalene [61‘6°]. 

Si-chloro-naphthalene (a)-snIphonic acid 
C,;H,C1,(SO,H). Prepared by boiling the tetra¬ 
chloride of (a)-naphthelene-snlphonio chloride 
with alcoholic KOH (,Widmann, B. 12, 2228). 
Long fiat needles. M. sol. cold water. 

Salts.—A'K 4sq ; fine needles.—A'Na aq: 
long fiat prisms.—A'Ag 2 aq; white needles.— 
A',Ca 4aq: slightly soluble leaflets. 

Chloride [146°]. Scales or nee^ee. Sol, 
benzene and hot acetic acid. By distillation 
with PCI, it gives (•y)-triS!hloro-naphthalene. 

Amide [about 260°]. Flat‘ feathery 
oystals. , 

Di-chloro-naphthalene (3)-snlphonic acid 
C,JI,<a,(SO,H). Prepared by boiling the tetra- 
owride of naphthalene-( 3 )-salpnonic chloride 
(C„^(SO,a)Cl,) with alcoholic KOH (Widmann, 
k 12,959). Readily sol hot water, less in cold. 
Strong acid. e 

Salts.—A'K 6 aq: very fine needles. S. 2'6 
It U°.—A'K IJaq.—A'K 2Jaq: imaU prisma.— 


A'Ag aq; crystalline popder.—A'.,Ba 4aq; fine 
sparingly soluble needles.—A'jCa 2aq. 

Chloride [133°]; fine white needles. Boh 
C,H, and CSr ' . 

Amide [246°]; fine needles. Insos water, 
sol. alcohol, s 

Tri- and Tetra-ohloro-naphthaleno sulphonio 
acids have be^n described by Laurent {A. 72, 
299), but not sufficiently characterised. 

CHLOBO-KAPHTHALIC A0I% «. CHtoiid- 

OZT-(o)-NArHTHp«01SOKE. 

CHLORO-ISAPHXHOHYDiyiQDINOHB «. 
CHLOBO-nvDKO-NAPHTHOQOIS'ONE. 

CHL0B0-(a).NAPHIH0I0 ACID 
CO.H 


C„n,Cl(CO,n), probably 


oo- 

Cl 


[246®]. 


Formatum.—l. Bj chlorination of (a)-naph« 
thoic acid in aoetio aoid solution.—2. By tke 
action of cuprous chloride upon the diazo- com¬ 
pound obtained from nitro-(a)-naphthoio acid 
[239®].—3. From the nitrile. 

Properties .—Sublimes in white needles. By 
fuming HNO, it is converted into ohloro-nitro- 
(a)-naphthoic aoid [225®] and ohloro-di-nitro- 
naphthalene [175®] {Ekstrand, B. 17, 1604; 18, 
2881). 

Sait.—A',Ca2aq: needles; S. *86. 

Ethyl A'Et: [42®^; quadratic tables. 

Amide C„H,Cl(CONH,). [239"]. Formed 
by boiling the nitrile with alcoholic KOH 
(Ekstrand, Bn. u. 925). 

Nitrile O„H,CI.0N [145®]. White needles. 
Formed by chlorination of (o)-naphthonitrile 
(Ekstrand, B. 17,1604). 

Chloro-(8)-naphtboio acid OjoH^Cl.COjH. 
[201®]. From the nitrile and fuming HCI at 
150® (Ekstrand, Bn. 4 . 931). Needles (from 
alcohol). 

Ethyl ether'Etk\ [46®].«Needles. 

Nitrile C.^H.CICN. [138®]. From<(j8)- 
naphthonitrilein HO Ac by chlorinating in pre- 
sence of iodine. 

Di.chloro-( 3 )-naphthoid acid C,oH,Cl,.C 03 H 
[201® uncor.]. Sublimable. Colourless needles. 
Sparingly soluble in alcohol and in acetic Mid. 
Formed by chlorination of ( 8 ).naphthoio acid. 

Salts.—A',Ca 2Jaq: small sparingly soluble 
prisms. 

Ethyl ether A'Et:[66®3; long needles. 
S. *03 (Elutrand, B. 17,1605). 

(a,a,) CHLOEO-NA PHTHOL 0„H,a(OH)[l:4], 
[ 57 ®]. Formed by the action of PCI, on (o). 
naplx^hol-sulphonic acid. Small felted needles. 
On moderate oxidation it gives (a)-naphtho- 
quinone, and by further oxidation phthalio aoid 
(Claus a. Oehler, B. 16, 312). ^ 

Chloro-(o)-iftiphthol C„H,Cl(OH), [109®]. 
Formed by diBtiUing the compound C„H,(HOCl), 
with aqueous HCI {Orimaax, M. [2] 18, 208), 
Slender needles. 

(/ 3 )-Chlpro-(a).naphtliol 0„H,C1(0H)[2:1] [ 0 . 
64°]. Is contained in the mother liquors ob¬ 
tained by passing ^lorioe iq^o* a solution of 
(a).naphthol in HOAo (Cleve, B. 21, 894). 

V. e. eol. most menstrua; only orystallisable 
from petroleum ether. 

Chlorine forms di-ohloroMbaphthol 
PC1» yiel^ tn-oUoro-n^hthalene [92®], 
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(niloro.(3)-aapiitliol.C,oH,Cl(OH)[l:2]. [08®] 
(S.); [70®] (C.). Formed by the action of 
chlorine on {/Sj-naphthol sodium suspended iu 
CS^ (Scbdl, B. 16,1901), or dissolved in HOAo 
(Cleve,e 21,89i). 

Needles or monoclinic platca (from chloro* 
form); o:6w-l-96:l:l-966; 64'. Volatile 

with steam. Converted by Pdl, into ohloro- 
n^hthyl phosphate ( 0 ,oHjCl )^04 [162°] or, at 
a’ higher tvnperature, into (1, 2)<di-ohloro- 
naphthalene [84°]. 

• XH:C{OH) 

{2:8).Chloro.(3)-naphthol Gfi./ \ 

^ \CH:CC1 

[101° unoor.]. f808°). Formed by heating 
sodium (3)'%aphtnol (3)-salphonate (Rumpf’s 
acid) (1 mol.) with PCIj (2 mols.) at 160°-160°. 
Fine colourless needles. V. e. sol. alcohol, ether, 
etc., si. Bol< water. Volltile with steam. By fur¬ 
ther action of PCI, it yields di-chloro-naphthalene 
J61°] (Claus a. Volz, B. 18, 3167). 

Chloro.(0)-nvhthol CioHjCl.OH. [116° un- 
cor.]. Formed, together with («)-di-chloro- | 
naphthalene, by heating potassium (0)*naphthol- ! 
sulphonate with PCI^ (3 mols.) to 170° (Claus a. i 
Zimmermann, B. 14, 1484). Fine needles or 
prisms. Sol. alcohol, ether, and hot water. Not 
volatile with steam. 

X(OH):CCl 

Di-chloro>(a)*naphthol | . 

♦ \cn :CC1 

[101° uncor.]. Formed by beating sodium (a). 
naphthoI-(3)-8ulphonate (1 mol.) with PCI, 
(2-2i mols.) at 100°-120°. Sublimes in white 
needles. V, sol. ordinary solvents. By further 
treatment with PCI, it is converted into tri- 
chloro-naphthalene [90°], By dilute HNO, at 
200° it is oxidised to phthalic acid. By boiling 
with an acetic solution of CrO, it is oxidised to di- 
, XO.CCl 

chloro-(a)-naphthoquinoneC,H,^ |j [189°]. 

• • \co.cci 

(Claus a. Knyrim, B. 18, 2926). 

DUhloro-(a).naphthol C„Ef,Cl,(OH) [1:3:4]. 
[106°] (C.); [108°] (Ziiicke, B. 21,1027). Fonni d 
by passing ohlorin^ into a cold solution of (a)- 
naphthol in HOAc (Cleve, B. 21, 891). Needles. 
Sol. alcohol, chloroform, benzene. Crystallises 
from HOAc as CjoHjCljOH + HOAc losing HOAo 
at 40°-60°. 

Reactions. —1. Yields on heating a substance 
C^HijCljOj (?).—2. Dilute HNO, forms yellow 
needles of a quinonc-like substance ^nd phthalic 
acid.—8. Oxidation with chromic acid forma 
chloro-naphthoquinone [116^], which on heat¬ 
ing with aniline forms th& anilide [20#°] (c/. 
Knapp and Schultz, A. 2)0,189).—4! PCI, forms 
(1,8,4) tri-ohloro-naphtkalone. 

Acftyljier^vative C,oH,01,OAc. [76°]. 

Di-ohlort.(3)-naphthol C„Il 5 C 4 {OH). [125° 
uncor.]. Fon^cd, together ^th tri-chloro- 
naphthalene* [90°], by heating sodium (3)- 
naphtbol-(3)'di-8ulphonate with PCI, at 210°. 
Colourless felted needles. Sublimable. V. sol. 
alcohol, ethgr, etc., si. sol. hot water (Claus a. 
Schmidt, B. 1>, 8174). ° 
Tri-chloro.(aJ^aphtholC„H4C!,(OH)[4:3:2:l]. 
[160°]. From tri-chloro-naphthol aiohloride 
and NaHSO, (Zincke, B. 21, 1027). Silky 
needles ffrom*HOAo). CrO, oxidises it to di- 
ahloro-(a).naphthoquinone. 


Acetyl derivative O^SjCljOAo. [124°]. 

XO.CCl, 

Tri.chloro-(a).aaphthol CjH,^ ) or 
XO. CCl XJOIrCH 

Tii~cklorO‘{a)'‘keto7iaphthaUne, 

[121°}.»From (a)-naphthol in HOAc by ohlorioa- 
tion ii.). Flat monoclinic prisms; v. e. sol. 
benzeme. Boiling dilute alcohol converts it into 
chloro-(a)-naphtboqamone. Hydroxylamine hy¬ 
drochloride appears to form an oxim [o. 148°], 
a compound C],H,OL(NO), and a third bod^ 
[205°]. 

• .CO.CC1, 

Tetra-chloro.(a)-&aphtllci O.H.< 

C .CCl \ 

II 

,.gci 

thalene. Two modifications, oorresponding 
perhaps to the above formulas, are formed by 
chlorinating tri-obloro-(a)-naphthol (Z.J, viz. 
rh»mbc4ledrari05°] and prisms [94°], Boiling 
dilute alcohoror dilute HOAo convert both into 
di'chloro-(a)-naphthoqainone. Dilute alcoholic 
KOH forms chloro-oxy-naphtboquinone. £OH 
in absolute alcohol appears to form 
CO-CO 


CChCCl 
Tetra-chloro-{ayketo7uiph’ 






[149°]. 


O.H,< 


\c(OEt);l!01 

TEI-OHLOEO-(«).SAPHTHOL DICHIOKIDE 
CO.CCI, 


/ 


[167°]. From Cl and (a). 


'^CClj.CHCl' 
naphthol in cold HOAo (Zincke, B. 21,1027). 
Monoclinic plates (from benzene). NaHSO, in 
presence of HOAo reduces it to tri-chloro-(a)- 
naphthol. Dilute alcohol or dilute HOAo at 
130° form di-ohloro-(a)-napbthoqaiDone. Aloo- 
XO-C(NPhH) 

hollo aniline forms CA< I 

N3(NPh).CCl 

[167°] whence B',H,PtCI,. 

Tetra-chIora-(a)-naplitliol dichlorida 
/CO. COl, 

C,H,^ 1 . [180°]. From tetra-ehlorc- 

\CCI,.CC1, • 

(a)-Daphthol, MnOj, and HCl (Z.). T. aol. 
benzene and hot alcohol, el. sol. ether. Does 
not react with anilina. May be reduced to tri- 
chloro - (a) - naphthol. AleoKolio KOH forms 
CCl,:CCl.CO.C.H,.CO,H [IZS"]. 

CHLOKO.(o)-NAPHTHO(iraONE 0,^00, 
/CO.CCI 

i.e.C,H 4 <( II [1U°] (P.); [116°] (Cldve, 
\CO.CCl 

B. 21, 891); [118°] (Zinck;^ B. 21, 1027). A 
by-product in the preparation of di-ohloro-fa)- 
naphthoquinone [189°] by treating di-nitro-(a). 
naphthol with £010, and UCl (Plagemano, B. 
15,486). , 

The ^Bowing a m i d e s are formed by treating 
di-ohloro-(a)-naphthoquinooe with the corre¬ 
sponding omins in alcoholic solution (P.); 

Methylamide Ci,H 4 C 10 ..NMeH. [150°]. 
Orange needles, v. sol. alcohol. 

Di-methyl‘amide CioH^ClOiNMe,. [86°]. 
Scarlet needles, v. sol. aloohoL 

Ethylamide 0 „H 4010 ,NEtH. [110°]. 

Brownish-red needfes, v. sol. alcohol. 

Anilide C„H4C10,.NHC,H, [208°] (P.); 
[202°] (E. a. S.; Ck). Bed metallio needlet. SoL 
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OHLOBO-NAPHTHOQUINONE. 


ioetic aoid and alkalis, si. sol. alcohol. Its i hydrated condition it melts at 112®. Methyl* 


(NMe^Cl 

Di-chloro-(a)-naplitho 5 ninoin 0 ,^, 01,02 lA 
•CO.CCl , 

I Formation .—From ohloro • naphthaleim 
, tetrachloride OioH^Cls and boiling HNO, (Laa«’ 

! rent, A. Ch. [2J 74, 35; Rev. Sdentl^, 591).— 

I 2. From di*nitfo*naphthol, E^lOj and HCl 
(Graebe, A. 149, 3}.— 3. From naphthalene io 
I HOAo and CrOjCl; (Carstanjen, 2, C83).-- 
4. Together with chlorinated phthalic acids‘by 
oxidation of tetra-chloro-napli^halone [140^^] 
(from (a)-naphthoUtri-sulphoQio chloride and 
PCIJ with CrO, or HNO,. 

Properties. — Sublimed in yellow needles. 
Iiisol. water, si. sol. cold alcohol and other. By 
alkalis it is converted into chloro-oxy-(a)-naph-# 
. . , _ _ thoquinone which forms yello\^ needles [216®]. 

of chloro-naphthoquinone-anilidc^ Ecd feltsd with aniline it yields C,oH^CI(NHPh) 03 , splen- 


Bolutioa in oono. B^SOt is ot a magenta coloui'. 

SnOi, redaeas it to a dihydride [170®] (Knapp a. 

Schultz, A. 210,189). 

Nitrosamine 0„H^C10jN(N0)0,H,; [120®]; 
vdUow needles or plates, sol. benzene, si. sol. 
ligroln; formed bypassing nitrons aoid into the 
anilide suspended in acetic aoid (Plagema&n, B. j 
16,89^. * I 

p-Bromo>aniHde C,pH^ClO,.NHCJIiBr. ^ 

[262®]. Formed by broniination of chloro-naph- I 
t|}^iiinone-anilide; or by the action of p-brom* 
anihne on di-chloro-naphthoquinone. Sol. in 
NaOH to a red solution, si. sol. alcohol and acetic 
acid. I xogetii 

m-Nttro-an%liaeCifip\0..'^llCJlt{JiiOi ).! oxidation 
[245®]. Formed by the action of tn-nitraniline 
on di'Chloro-naphthoquinone. Yellowish-red 
sparingly soluble needles. * 

p-Nitro^anilido C,oH,CIO,.NH.C,H,(NO,). 

[282®]. Formed by the action of p-nitranilino 
on di-ohloro-naphthoquinone; or by ni*r<itiqn 
... •••* Ecd 

needles. 81.%ol. alcohol and acetic acid, sol. 
alkalis to a violet solution. Nitrosaviinc 
0 i,H^C 102 N(N 0 )C,H^(N 03 ). [126®]. 

0 - Toluide C,oH,C 102 .NHCeH 3 (CH,)H. 

[162®]. Bed metallic crystals. Formed by the 
.action of o^toluidine on di-ohloro-naphthoqui. 
none. 

p.roltt<deC,.H,C10yNHC,H,(CH,). [196®]. 

Formed by the action of p-toluidine on di-ciiloro- 
saphthoquinone. Metallic red crystals. Sol. 
acetic acid, si. sol. alcohol. Dissolves in NaOIl 
to a violet solution. 

Bromo-o~ toluide 

C„H,C10,.NHC,H,(CH,)Br. [212®]. FormedV 

bromination of chioro-naphthoquinonc-o-toluidc. 

SI. soL alcohol and acetic acid. 

Bromo-p-ioluide 

C„H,C10,.NHC,H,(CH,)Br. [186®]. Formed by 
bromination of chloro-naphthoquinone-p-toluide. | 

Bed needles. SI. sol. alcohol, dissolves in NaOH i 
to a violet solution. 

Nitro-O’toluide 

'C,^.C10^H.C.H,(CH,){N0J. [230»]. Formed 
nitrating the o-toluide (P.). 

\ Nitro-p-toluide 

C,.y,C10rHHC,H,(CH,) (NQJ. [236°-240‘']. 

Formed by nitration of chloro-naphthoqoiuone- 
p-tolnide. Bed felted needlea. SI. sol. alcohol 
and aeetio acid. Sissolres in NaOH to a violet 
■olntion. 

. XO.CO 

CUor»-(S)-naphthoqninose 0,B,^ 


amine forms 

\C(S 


CO.C(OH) 


''cnici 

[172®]. Obtained by passing chlorine gas into 
(^) naphthoqaiaoDe suspended in ten times its 
weight of acetic acid. Bed needles. Sol. hot 
alcohol, aeetio aoid, benzene, and chloroform. 
Dissolves in dilute caustic fikalis with a reddish- 
brown colour formingchloro-oxy-(a)-napfilhoqui- 
none. With alcoholic KH, or aniline it yields 
respectively the izuide or anilide of chloro-oxy- 
(a)-naphthoqainono (Zincke, B. 19, 2497). 

yCO.CO * 

^ X>ichlorido Ofi/ I • [128®]. 

N3HC1.CC1, 

^rmed by passing ohloHne into a solution of 
( 8 )-napbthoquinone in HOA$ (Zincke, B. 20, 
2890). Thin needles (containing 2aq). In the 


did violet-red crystals [203® uncor.] (Claus 
Mielcke, B. 19,1184). Oxidation gives phthalic 
acid. PCl^ forms penta-chloro-naphthalcne. 

Di-chloride C,oH,C1^0,. [117® uncor.]. 

Formed by heating di-chloro-(a)-naphthoqiuiione 
(10 pts.) with HCl of S.G. 1*2 (48pts.) and MnO, 
(10 pts.) for 10 hoars at 230°. Large colourless 
prisms. Sublimes unaltered. Gy SnCl, or other 
reducing agent it is re-converted into di-chloro- 
(a)-napbthoquinone (Glaus, B. 19, 1142). 

(* /3 *)-l)i-chloro-(a)-naphthoqumone 

< CO.CCl 

!l [149® nn- 
CO.CH 

cor.]. Formed, together with chloro-phthalio 
acid CjHjC^CO^H), [4:2:1], by oxidation of («)- 
di-chloro-naphthalene in acetic acid solution by 
CrOj. Yellow needles. Sublimable without 
decomposition. Dissol'wa in a'quoous KOH 
with a red colour^ By boiling with alkalis it 4s 
converted into (‘ 8 ’)-cbloro-oxy-naphthoqui- 
none C„H,C1{0H)08. (Claus a. Muller, B. 18, 
3073). 

Di-chloro- (a) -naphthoquinone CjoH^CIjOy 
[153®]. Formed, together with the isomerida 
[189®] by chlorinating di-nitro-naphthol (P.). 

p-Di-chloro-{a).naphlhoquinon 6 C 1 JH 4 CI 3 OJ, 
[174®]. Formed, together with di-chloro-phthal- 
ide, by oxidation of di-chloro-naphtbalene [ 68 ®] 
with CrOa artd glacial acetic acid. Long yellow 
needles. Sublimable. Sol. alcohol and ether, 
nearly insol. water. By NaOH it is converted 
into chftro -,oxy - (a) - naphthoquinone. With 
aniline it forms 0 ,(,H 4 t)l(NH?b) 02 , garnet red 
needles, [166®] (Guarcsclft, B. 19,1156). ^ 

co.co 


ici 


Bi-ohloro- ( 8 )f naphthoquinone I 

c >CCl:C< 

[184®]. Formed by the action of chlorine upon 
(/3)-naphthoquinone, or better (a)'amido-( 8 )- 
naphthol in acetic acid. Bed plates, long flat 
needles, thick rhombk or mon^flnio tables. 
Sol. chloroform, el. sol. alcohol. .Bubllmable. 
With alcoholic NH 3 or aniline it fields the imide 
or anilide of chloro-oxy-(a)-Daphtho^ainone. It 
dissolves in cold dilute KaOH tq a ooloaiiesa 
solution forming an aoid which poa- 




DI-OHLORO-NAPHTHYLENE-DIAMINE. 


/C(OH).CO,H 

giWy haa the eonstitutton C-H/ . 

MJOICCI 

(Zinckc, Jk 19,2499). This acid crystaUiseB in 
blender ^oedleB (containing aq) [100*’]; it forms 
a mtkyUtJufr C;„H,C1,(0H).C0 Me [138°] and 
tinacetyl‘meihylethsrCf^E^O\i(Oko)GO.iU^[16°]. 

Tri-chloro-(o)-naphthpquinon(fOaH,CljOj. 
Formed by oxidation of tri-ohloro-naphthalene 
(9fl°] (from/^)-naphthol*{/3)-di.8ulphonio acid 
and PCI J witn GrO| and acotic acid. It was not 
isolated, but by treatment with abiline was con¬ 
verted into the alnilide Cj*H,,CL{NHPh) 03 , which 
formed reddish-violet plates [228°] uncor., 
Bubllmable (Glaus a. Schmidt, B. 19, 8177). 
X6tra-chlpro-ia)-naphthoquinone 
XO.CH * 

^$^i\ fl unoor.]. Long yellow 

XJO.CH • 

needles. Sublimable. Prepared by oxidation of 
{^nta-chloro-naphthalene with fuming HNOg at 
110®. PClj converts it into hepta-chloro-naph- 
tbalene (Claus afLippe, B. 16, lUlB). 
Penta-chloro>(a)-naphthoquinond 
XO.CCl 

C.CI|< I! [217° uncor.]. Formed together 
NCO.CU 

with tetra-chloro-phthalic acid, by oxidation of 
hepta-chloro-napbtlialcuo [194°] with HNOj 
(1*6 S.G.) at 100°. Glistening golden plates 
(from chloroform).f Sublimes in long glistening 
needles. By alkalis it is converted into 
salts of tetra-chloro-oxy-naphthoquinone 
XO.C(OH) 

O.ClA I • aniline it yields 

\C0.CH 
X0.C(NHC,H3) 

0i^4\ II »which crystallises from 

\CO.CH 

alcohol or acetio acid in glistening rod plates 
[240° uncor.]. By hewing with PClj at 250° it 
is converted indo pei -chloro-naphthalcne [203°] 
(Cl^us a. Wenzlik, B. id, 1166). 

DI.CHLOaO.(0)-NAPHTHt)aT3INONE DI- 
/ CO.CO 

CHLOBIDE OM.C 1 [91®]* Formed 

\ccu..(ic4 

by passing chlorine into a solution of (1, 2)- 
amido-naphthol in HOAo (Zincke, B. 21, 495). 
Yellowish crystals (from ether); v. sol. ether, 
HOAc, and petroleum ether. 

DI.CHI.ORO.(a).NAPHTHOftTriNONE SUL- 
PHONIC ACID 0 ,oH, 01,0,(80,H)[2:3:1:4:3']. 
From sodium di-nitro-(a)-naphthol sulphonate 
i{<x)-naphthol yellow), KCIO, and HCl (Claus, 
y.pr. [2] 87,181). Light yqllow plates^v. sol. 
water and alcohol, insol.* ether. Converted by 
potash-fusion into (8)-o3y-phthaUo acid. Aniline 
forms (J„HXl(NVhH)O,(8O,H),[190°j,a colour- 
ing matter o^stallising in dark-red plates. 

Salts.—NaV: yellow orysIkUine powder 
(from water) or yellow plates (from alcohol).— 
CaAV-BaA',. 

DLCHLOEO-NAPHTHOSTYEIL Bi- 

oniiOBo-Aiane-MiPHTBOic ^ctau. 

T2TBA-Ch£0BO-(83)-BINAPHTEYL 

AmoAhoosCSmitha. Poynting, C. 

27,864). 

H6za:0blbir^^i(a)-dl&apht1iyl 03 oHgOl 4 . 

^orphOQft':4^^oasea» A, 144,77)* 


CHI0RO.(a).NAPHTHYL.AttIKE C„H,CIN 
XINHjjXfl X(NH,):Ca 

UOfi/ I or C.h/ ' I . 
\ CH=»CC1 \ OH=CH 


[66°]. Obtained by reduction of di-ohlor(^a)- 
naphthylamine [82°] with tin and HCl. Tnm 
white needles. Very unpleasant smell. SI. sol. 
hot water. Very volatile with steam. Its salts 
are decomposed by water. 

Salts. — B'HClaq: silky needles. — 
B'HClSnCl,: thin glistening plates.—B'EsSO^aq: 
slender white needles (CUve, B. 20,450). ^ 

Chloro.(a)-napbthyiamine C,oH,CI(NH 2 ). 
[86°]. From ohloro-nitromaphthalene by re¬ 
duction (Atterbcrg, if. 10, 64^).—B'HCl. 

Cbloro-(a)-naphthylanune 0 ,^,C 1 (NH 2 ). 
[94°]. Formed by reducing ( 7 )-di-chloro-nitro- 
naphthalcne (Attcrberg, B. 9, 1730). FejOl, 
gives a greyish-green coloration. Displacement 
of NHj by Cl forms (0-di ohloro-naphthalene 
(Atterberg, B. 10, 648).—B'HClaq.—B'HSnCl,. 

Chloro-(o)-3taphthylamine 0„HgCl{NH,). 
[98°]. Formed by the slow action'^f SnCl, on 
a solution of (a)-iiai)hthylamine hydrochloride 
exposed to air (Scidlur, B. 11,1201). 

Acetyl derivative CuHaC^NHAc). [184°]. 

(a)-Chlora-(3)-naphthylaniine 0,oH«Cl.NH2 
[1:2]. [59°]. From the acetyl derivative and 
IIOl. Elimination of NH, gives (a)-ohloro- 
uaphthalene.—B'HCl aq. 

Acetyl derivative C„H„Cl.NHAc. [147°]. 
Formed by passing chlorine into a solution of 
acetyl (3)-naphthylainine in dilute HOAo (Cl^ve, 
B. ‘io, 1989). 


Bi-chloro.(a)-Daphthyl8min6 0,|H,CUNHJ. 
[10 f^]. Formed by reducing (* 3’)-di-cnloro- 
nilro-naphthalrne [68'’]. Needles (from alcohol). 
B'HOl.-B'HSnCla.—Bai,PtCl, 2 aq.-B'H,S 04 . 

(7j)-Di.chloro-naphthylamiae 0,oHgC4(NHj). 
[94° ?]. Formed by reducing (Ti)-di-ohloro-nitro- 
naphthalene (Cl6ve, Bl. [2] 29, 600),—B'HCl. 
])l-chloro.(a)-naplithylamine Oi^HjClsK pro- 
X(NHj):CCl 

bablyC^n/ 1 . [82®]. Obtained by 
\ CH=CC1 ♦ 


saponifying its acetyl derivative, which is formed 
by passing chlorine (2 mols.) into an acetio acid 
solution of acetyl-jaf-naphthylaraine (1 mol.). 
Crystalline solid, of disagreeable odour. V. e. 
sol. alcohol. Volatile with steam. Non-basio. 
By HNOj it is oxidised to phthalio acid. By 
elimination of the NHj group by the diaso-re- 
aclion, di-chloro-naphttialene [61°] is formed. 
By tin and HCl it is reduced to mono-ohloro-(o)- 
naphthylamine [66°]. • 

Acetyl derivafii>«0,oHsCl,.NHAc: [214°]; 
long thin white needles; sol. acetio acid, alcohol 
' and chloroform; sublimable (CUve, B. 20, 448). 

DI-CHL0R0-DI.(3^NAPHTHYL.AJIINE 

(C,oH4C1)!NH. 

Be»£oi/IdaritJa<ivs(C,AC!l)3NB2;. [203° 
uncor.]; smalP white needles; sol. alcohol, 
benzene, and chloroform. Formed by the action 
of PClj on the benzoyl derivative of di-(3)-naph. 
thylamine (Glaus a. Biohter, B. 17,1690). 

DI - CHIOEO - HAPHXHYLENE • DIAMIHB 
0„H4CL{N^j. [205°]. Formed by reduction 
of di-omoro^i-nitift-naphthalene [253°] by tin^ 
, HCl, and HOAo (Al6n, Bl. [2] 86,486). 
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DI-OHLORO-BINAPHTHYLENE-OXIDE. 


DI-CmOBO. («).DI5APHTHYLEKB-OXIDE 
0 mH,, 01,0. (151^]. Prepared by the aotion of 
PC1» on (oi)-dioaphthylene-oxide (Knecht a. Un* 
seitig, B. 18,1725). Sublimes and crystallises 
in yellow needles. V. sol. benzene and acetic 
Mid, si. sol. alcohol, ether, and chloroform. 

l)i>oliloro<(i 6 )-dinaphth 7 lene-oziddC, 3 .oC 1 ^ 0 . 
[246®]. Propared by the action of PClj on {&}• 
dinapbtbyleno-oxide (E. a. U.). Yellow gKsten* 
ing needles (from, benzene). 

TBI.CHLOEO. (a) and (3) .DI-NAPHTHYL- 
ETHANE CCI,.CH(C,oH,) 3 . Formed together 
by the action of H^SO, on a mixture of naphthal¬ 
ene and chloral, thus : CCla.CH.O + 2 C,oH, 
-CC!..CH(C..H,)3+^A ‘ 

Preparation, —6 pts. or H 3 SO 1 mixed with 
6 pts. of fuming HjSO^ are added to a mixture 
of 3 pts. of chloral, 8 pts. of naphthalene, and 
6 pts. of chloroform (Grabowski/B. 11, 298). 

{0)-modification [156®]. Crystals. Insol. 
cold, si. sol. hot, alcohol and ether. Separated 
from the (a).modi 6 oation by its 8 parii|g solu¬ 
bility in alcohol. On distillatiox it loses llCi 
forming dichbro-(/3)-dinapbthyl-etbylene. 

Tetra’nitrO’derivative [258®]. Yellow pow¬ 
der. Insol. alcohol, ether, C.H^ 

{a),modificaiion. Not isolated in the pure 
state. V. sol. alcohol. 

DI-CHLOBO-(a)-DI-NAPHTHYL.ETHYLENE 
CCIl,:CH(0,^,)j. [150®]. SI. sol. cold, v. sol. 
hot, alcohoL Long colourless needles. Less 
stable than the ( 8 )-modification. Prepared by 
distilling crude trichloro-(a)-di-napbthyl-ethane 
- with 20 p.c. of lime (Grabowski, B. 11, 299). 

Tetra^nitro-derivative. [214®]. 

Dl-chloro-(i 8 )-di*naphthyl-ethylene 
CCV.CH(C,oH,),. [219®]. (above 360®). Distils 
without decomposition. Short prismatic pillars. 
SI. sol. alcohol. Prepared by the distillation of 
Ui'Chloro-(jS)-di-napbthyl-etbane. 

Telra-nitro-derivative. [293®] (Grabowski, 

B, 11,299). 

CHLOEO • (A) - NAPHTHYL •PHOSPEOBIC 
ACID C,^eC 1 . 0 P 0 ( 0 H) 3 . [205® uncor.]. 

Formed as a by-product in the action of PCl^ 
(2 mo]B.),on potassium (^)-naphthol' 8 ulphoDate 
(1 mol.) at 150® (Claus a. Zimmermann, B. 14, 
1483). Small plates. By boiling alkalis it is 
decomposed into ohloro-(; 8 ^naphthol and phos- 
pbats. 

CHLOBO-NICOTINIC ACIB v. Chloro-ptri- 

nDiS-OABBOXTLIC ACU). 

-.DI-CHLOBO . 0 . NITBO - ACETOPHENON E. 
0^,(NOj.CO.CHClr [28®]. Nitro^phenyl di> 
ehloro-methyl ketotte. Formed by chlorination 
of 0 ^,(N 03 ).C 0 .Mp (Gevekoht, A, 221, 828). 
Plates (from benzoline). 

CHLOHO-NITBO-AmIBO-PHEHOL 

C. H,C1N,0, U. CACI(N03)(NH3)(0H) [2:4:6:!]. 

[160®]. Formed by reducing chloro-di-nitro- 
phenol [110®] with ammoiflum sulphide (Griess 
a. Kolbe, A, 109, 286; Fanst a. Miller,* A. 173, 
816; Z. 1871, 339; Armstrong^C. 25, 14). 

Slender brass-yellow needles (containing 4 aq) 
(from hot water). When dried at 100® it is scar¬ 
let. Elimination of NH, gives diloro-nitro- 
phenol [110®].—B'HCl: yellowish needles.— 
B'3H380,.-NH,(0,H4C1N,OJ.— 
Ba(C,H,ClN 30,)3 4aq: slendetblaok needles. 

CUoro-nitro-amido-pht&ol7 Msihyl ether 
O^Cl)(NOJ(OEe)(NHJ. Ohioro-nitro-aniH- 


dine. Acetyl derivajive [185®], yellow 
needles, sol. alcohol and ether, insol. cold water 
(Herold, B, 15, 1686). 

Chloro-di-nitroamido-phenol. * Methyl 
ether 0 ,H(Cl)(N 03 ) 3 ( 0 Me)(NH^). Aoe^l de¬ 
rivative [165^], yellow needles (H.). 

Chloro - tri • nitro - amido • phenol. Me thy I 
ether 0 ,(CI){N 03 ),( 0 Mp)(NH,). Acetyl du- 
rivative [198®], orange-yellow needles (H.). 

CHLOBO • NITBO - AMIDO - D^^ PHENYr- 
AHINE V. Chlobnitbophkntzi-p&ixlsns-pt. 
AMINE. . 

CHLORO-NITBO-ANILINE * 
C,H,C 1 (N 03 )(NH,) [4:3:1]. [103® nnoor.]. 

Fomiatio7i.—l, By nitration of p-chldro- 
aniltne dissolved in 10 pts. of H^SO^; the yield 
is 50 p.c. of the chloraniline.—2. Together with 
a much larger quantity of the (6:3:l)-iso- 
meride by reduction of chloro-di-nitro-benzena 
C .H,C1(N0^)3 [4:3:1] in alcoholic solution with 
Slid; and HCl. • 

Pro/jcriies.—Small yellow glistening needles 
(from hot petroleum-ether), or l(5ag thin needles 
(from boiling water). V. sol. alcohol, ether and 
chloroform, m. sol. hot water, nearly insol. cold 
water. Weak base. By elimination of the NH, 
group it gives o-chloro-nitro-benzene [33®]. By 
replacement of the NH^ group by Cl, di-ohloro« 
nitro-benzene [55®] is formed. 

Acetyl derivative C„H3Cl{N02)(NHAc) 
[100®]; small yellow needlest(Claus a. Sticbel 
B. 20,1379). 

Chloro - nitro • aniline CaH,Cl(NOJ(NfL) 
[2:4:1]. [105®]. Prepared by heating (1,2,4)- 
di-cbloro-nitro-benzene [43®] with ammonia at 
210® (Beilstein a. Kurbatofl, A. 182, 98). Ap¬ 
pears also to be formed in small quantity by 
nitrating acetyl-o-chloro-aniline. Light yellow 
needles. Elimination of NH.; gives m-cbloro- 
nitro-bcnzenc. 

Acetyl iv«*^C«H 3 Ci(N 03 )(NHAc). 

[139®]. 

Chloro - nitro - aniline C„HiCl(N02)(NH^) 
[4:2:1]. [115®]. (B. a. K.); [116®] (K.). From 
(l,4,2)-di-chloro - nitro - beiuene and alcoholic 
: NH, at 165°. Formed also ty nitrating acetyl 
jj-chloro-aniline (Komer, G. 4, 373; Beilstein a. 
Kurbatoff, B. 9, 633; A. 182, 94). Orange- 
yellow needles (from water) or spherical groups 
of brick-red needles (from alcohol). Elimination 
of NHj gives w-chloro-nitro-benzene. Eeduc- 
tioo to ohloro-phenylene-diamine followed by 
treatment with sodium-amalgam gives o-phenyl- 
ene'diamine*(K5rner). 

Chloro - nitro - aniline 04 H,C 1 (N 0 ;)(NH 3 ) 
[6:8:1].. [117®]. 

Foi^tiom, —1. “Together with a smaller 
quantity of the (4:3:l).iB^eride by reduction of 
chloro-m-nitro-benzene CfHiClQlO,). [4:9:1] in 
alcoholio solutioif with SnCl^ (ClauA a. Stiebel, 
B. 20,1379).—2# By nitration of acetyl-o-ohloro- 
aniline (B. a. E.). ^ 

Pro 2 :^ftes.—xellowneedles. Elimination of 
NHj gives n-ohloro-nitro-benzene. 

AcetyX derivative C«H,Cl(N 03 )(NHAo). 
[164®]. • c * 

Chloro • nitro • aniline Cl(NO..) (NH.,) 

[3:6:1]. [126®]. • 

Formation, —1. By heating (8,6,l)-di-ohloro- 
nitro-benzene [83®] with sdcoholio NH, for 
10 hours at 160® (ROrner, Q, 4, 373).—2. From 



0HLOEO-NirRO.BENZBNE. 


lUoro-M-nUro-benzene [89°] and SH, (Laubea- 
beimot, J5. 9, 1826).'—3. By nitrating acatyl 
m-obloru-annine (B. a. E.). 

Thin yellow laminf# (from alco* 
hol)> •Eliminai^on of NH^ gives j}-ohlorO'Ditro- 
benzene. Boduction by tin IICl gives 
cblorO'phenyIene*dianiino whence sodium-amal* 
gam produces o-pheDy(pno-dianfine (Kdrner). 
Metyl derivative C,H,Cl(NOg)(NHAc). 

Chioro - nitro - aniline CaH 3 Cl(NO*}(NH,) 
[3:4:1]. [ISTJJ. Formed, together with the 
preceding, by nitrating acetyl w-chloro-aniline 
(B. a. K.). Yellow lamina) (from benzene). 
ERmination of NH, gives o-ch]oro*nitro>benz- 
ene [32-6®> ^ 

Acetyl derivative [142®]. 
Chloro-di-nitro-anUine CJI,Cl(NO,).y(NH,) 
[4:2:6:!]. [145®]. From di-chioro-di-nitro¬ 

benzene [104°] and alcoholic NH,. Formed 
•also by chlorinating di-nitro-aniline [138®] and i 
by treating the methyl ether of chloro-di-nitro- 
phcnol [65®] wilh NH, (Kdrncr). Orange needles. 
Alcoholic EOH converts it into chloro-di-nitro- 
phenol. 

Di-chloro-nitro-aniline Cjr..Cl,{NO,)(NH,) 
[3:6:2:!]. [68®]. From its acetyl derivative, 
which is formed, together with the (.3,(5,4,1)-iso- 
nierido [153®], by the nitration of C.IIsCLlNH Ac) 
[3:6:1] (Beilstein a. Kurbatow, A. 192, 232). 
Also from (3,i]2,l).di-chloro-di-nitro-bcnzen0 
and alcoholio NH, (KSrner). Yellow needles. 
Pisplacement of NH, by 01 gives (3,6,l,2).tri- 
chloro-nitro-benzene [89®]. 

Aeetyl derivative 0,HjCl2(N0,)(NHAc), 
[205®], 

Di-chloro -nitro-aniline C„H. 2 CL(N 02 )(NIL) 
[3:5:G:1]. [79®]. Prepared together with the 

(3.6.4.1) -isomeride [171°] by nitration of acetyl- 
(l,3,6)-di-chloro-aniline. Yellow needles. Con¬ 
verted by elimination of NH^ hito di-chloro- 
nitro-benzeoe [33^]. 

• Acetyl deriva\ive [139®]. Sol. CS, 
(Beilstein a. Kurbatow, B. 11? 1979). 

Dl-chloro-nitro>aniline C 3 H,Cl 2 (NO.J(NH 2 ) 
[4:3:2:1], [96°].* Prepared together with the 
(4,3,6,l|-isomoride [175®] by nitration of acetyl- 

(4.8.1) -di-cliloro-aniline. Yellow needles. 
Acetyl derivative [163°] (Beilstein a. 

Kurbatow, B. 11, 1978). 

Di-chloro-o-nitro-anilitto C 3 HjCl,.(NOy)(N^) 
[2:4:6:!]. [99°]. Formed by passing chlorine 
into a solution of o-nitraniline in cono. HCl 
(Langer, A. 215, 111). Formed al^o by nitration 
of acetyl-(4,2,ll-di-chloro-anilme, or by chlorina¬ 
tion of aootyi-(4,2,l)-chloro-Ditro*aniHne, and 
decomposition of the i^sufting acetyl oerivative 
by HCl (Witt, B. 7. 1603; 8, 820). Slender 
oranfe needles (from benzoline). V. sol. alcohol, 
ether, or ^enzSline. EUmin&tion of NH,givls 
di-cbloro-nitro-benzene [G5°] • 

Acetyl Serivative C,H 2 Cl,(N 02 }(NHAo). 
[188°]. 

Bi-ohloro-nltro-aniline C,H,Clj(NO,) (NH,) 
[3:6:4:1]. [163®]. Prepared, together with the 

(3.6.2.1) -i4omeride by nitration of acetyl- 

(3.6.1) -di-ohroro-aniline. Yellow needles. 
Acetyl derivative [146®] (Beilstein a, 

Kurbatow, B. 11, 1978; i. 196, 236). 

Bi-ehloro-nltro-aniline 0,H,C1,(N0,)(NB,) 
[6:2:8:1]. [163®]. Formed by heatmgOACl,(NOi) 


[66°] Witt alooWii) NH, at 210“ (Beiktoin a. 
Kurbatow, i. 192,235). By elimination ot NU, 
it gives di-ohloro-nitro-benzene [43“]. 

Di-chloro-nitro-aniUne C,H..Cl,(NO,){Nm 
[8:5:4;1]. [171°]. Large yellow needles.'m- 
pared, together with the (8,6,6,1) -isomeride [79®], 
of acetyl-(6,3,l)-di-chloro-aniline. 
Elimination of NHj gives di-chloro-nitro*benzene 
[71®^ 

Acetyl derivative. [ 222 ®]. Insol.inCS, 
(Beilstein a. Kurbatow, A. 196. 227: B. 11. 
1979). 

Di-chlcro-nitro-anillne OJH-CLfNOJfNH*) 
[3:4:6:!]. [175®]. Prepared by the action of 
alcoholio NH, on tnohloronitrobenzene [68®] or, 
together with the (4,8,2,l‘)-i8omerid6 [96®], by 
the nitration of acetyl-(4,3,l)-di-ohloro-aniline. 
Yellow needles. Displaoement of NH, by 01 
gives tri-ohlort-nitro-benzene [68®], 

Acetyl derivative [124®]. Less sol. 
alcohol than the isomeride (1;4,6;6) (Beilstein a. 
Kurbay>w, A. 196, 226; B. 11, 1978). 

Di-chlorcMiitro-aiiiUne CJIjCl^(NOj)(NH 2 ) 
[2:6:4:!]. [188®]. Formed by chlorination of 
p-nitro-aniline (Kornor, 0. 4, 276; Witt, B. 8, 
143). Lemon-yellow needles. Elimination of 
NHj gives di-chloro-nitro-benzene [65°]. 

Acetyl derivative C,aA{N02)(NHAc). 

[ 210 °]. 

Di.chloro.di.aitro.anlUn 6 C,HCIj(NO..)..,(NH 2 ) 
[3:4:2:6:1]. [128°]. Formed by nitrating acetyl- 

(4,3,l).di-chloro-aniline, and eliminating Ac by 
H^SO, (Beilstein a. Kurbatow, A. 196, 236; 
B. 11, 1978). Large red needles. 

Acetyl derivative C,HCl,(NO,) 2 (NHAo) 
[246®]. 

' Tri-chloro-m-nitro-aniline 
CJICl,(N02)(NII,) [5:4:2:3:1]. [98®]. From 

m-nitraniline (1 pt), cone. HOI (25 pts.) and 
water 120 pts.), by passage ot a mixture of air 
and cnlorine (Langer, A. 216, 110). Long, 
broad yellow needles (from light petroleum). 

Trl-chloro-nitro-aniline C,HC^(N02)(NHj) 
[2:4:5:6:1]. [124®]. Prepared by nitration of 
acetyl-tri-chloro-aniline [185°], and elimination 
of Ac by HCl. Yellow needles. 

Acetyl derivative GgHCl,(NQ 2 )(NHAc). 
[193®] (Beilstein a. Kurbatow, A. 196, 236; 
B. 11,1980). , 

CHLORO - KITHO - ABISIBINE v. Methyl 
ether of CirLORO-MrrBO-AHii>o-i'HENOL. 

GHLORO-NITRO-ANISOL v. Methyl ether of 
Chlobo-nitro-prrnol. 


0-CHLORO-NITEOiBENZENE C,HgCl(N02) 
[ 1 : 2 ]. Mol. w. 1674. [32*6®]. (243°). S.G.« 
1-368. 

Fijrmafion.—l.Togetherwiththep-isomeride, 
by nitrating chloro-bcnzene (Jnngfleisch, A. Ch. 
[4] 15,186; Laubenheimer,B.7,1765; 8,1621; 
Sokoloff, Z. 1866, 621; Lesimple, Z. [2] 4,226). 
2. From chloro-nitfo-aniline [167°] by elimina¬ 
tion omH, through the diazo- reaction (Beilstein 
a. Kurbatofl. B. 9, 633; A. 182, 107).-8. In 
small quantify by the action of PCI, on o-nitro- 
phenol (Engelhardt a. Latschinoff, Z. [2] 6,226). 

Propeffies.—Needles; converted by aqueous 
NaOH at 130® into o-nitro-phonol. Not attacked 
by alcoholic KGy. 

m-Chloro-nltro-bensene 0,HiCl(N0,) [liSL 

[46®]. (286® oof.). 

Formation.—1. By ohlormation of nitio* 
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benzene in presence of iodine (Laubenheimer, 
B. 7,1765) or SbCl, (Beilstem a. Kurbatoff, A» 
189,102).—2. From m-nitro-aniline hj displace* 
meat of NH, by Cl through the diazo- reaction 
(Griess, Pr, 13, 881). 

Pr^aration. —1. Fromnitro-benzene (500 g.) 
and Fe,01, (10 g.) by chlorination (Varnholt, 
[2] 86,25).—2. By running a solution of 
N^O, into a hot solution of ?n*nitro-aniline 
and OUsGL in dilute HOI (Sandmeyer, B, 17, 
2660). 

Pfopertiaa. — Trimetrio crystals; a: 6 :c» 
*581:1: *498. Sublimes in Oat needles. V. sol. 
ether, benzene, chloroform, CS^, HOAc, and hot 
alcohol. . * 

■Jfleactioru.^t. Nidation torma CbH 3 CI(NO «)2 
t89®].-2. Alcoholic KOH ^ves (C«H,C 1 ),N 20 . 
(97®}.—3. Alcohdho KCy gives o*chloro*benzo- 
nitrile (Bichter, B. 6,1418). * 

p.Chloro-nitro-benzene G«H,Gl(NO|) [1:4]. 
£ 88 ^]. (242®). 8.Q.«1*38. 

Formation.—1. Together with the s^-iso- 
meride, by nitration of chloro-benzsne (fliche, 
A, 121, 857; Jungfleisch, A. Ch. [4] 15, 18C).— 
2. Fromp-nitro-aniline by displacement of 
by Cl (Griess, Pr. 13, 381).—3. From p-nitro- 
phenol and PCI, (Engelhardt a. LatschinotT, Z. 
1870,230),—4. From (3,6,l)-chloro-nitro-anihiie 
by ^imination of (Bcilstcin a. Kurbatoff, 
A. 182,105). 

JVqpcrfics.—Trimetrio plates. 

Reactions.—1. Heating with aqueous Na^CO, 
and NaOH at 180® slowly forms p-nitro-pheuol. 
2. Alcoholic KOH gives (C^H^Cll^N^O and, at 
180®, C,H, 01 .N 3 .C„H,C 1 . If the alcohol be dilute 
CfHiGl.OEt is formed.— 8 . Alcoholic KCy gives 
»*obloro-benzonitrile. * 

Chloro-di-nitro-benzeneC,H3Cl(N02)2 [1:3:4?]. 
Mol.w. 202|. According to Laubenheimer {B. 
9,760, 768) the chloro-di*nitro*beDzcne formed 
by nitrating m>chloro*benzene, exists in four 
xno^fications, viz.: 

(a). [ 86 ®]. Thick monoclinic prisms: a:b:c 
m 1’887:1; *^1; A ■= 114® 14'. Gradually passes 
Into the (y) modification. 

{$). [37®], Monoclinic prisma, a:h:o 
a‘625:1: *5o0; /5-91® 27'. Gradually passes 
into the { 7 ) modification. 

( 7 ) . [89®]. Thin trimetrig needles. 

( 8 ) . Liquid. 

BeaeHons. —1. Aqueous KaOH forms cbloro* 
nitro - phenol [89®]. — 2. Aniline forms 
C^Cl(NOa)(NPhH).— 8 , Tin and HCl reduce 
ft to ^oro>pWnylene-dian^ne [72®].—4. Boiled 
with a solution of sodium sulphite it gives 
ehloro*Bitro-benzene- 8 ^phonic acid and NaNO, 
(Laubenheimer, B. 16, 597).— 6 . Plienyl-hydra- 
stne forms OACI(NO,).N^h [140®] (Willge. 
I0dt,/.pr.[2] 87, 856). 

Chloro<dl>nitro>benseBe C«H,G 1 (N 0^3 [1:2:4]. 
[ 68 ' 6 ®]. (316®). S.G. 141007. 

Formation. —1. By nitration of o- br p- 
ehloro*nitTO'benEene (Jtingfieisch, JL Ch. [4] 15, 
Igg^.— 2 . From di*iutro*pbenol and rCl,(Clemm, 
Z. 1870,274). 

Properties. —Trimetrio crystals; vf sL sol. 
cold ^cohol, T. sol. boilicg alcohol and ether. 
Jungfleisch describes a physical isomeride [42®]. 

Reactions.—1, Tin and HCl form chloro* 
nitro-aniline [89®].—2. Strong aqueous KOH 
foemt di-nitro-phenoL— 8 . Alcoh^ KH, at 


110° forms di-nitro aniline [175®].—4. Alcoholic 
NMe, forms C,H 3 (N 02 ) 2 (NMe 2 ) [78®].-5. Bi* 
methyl-aniline gives C^H 3 (N 02 )i 2 (NPhMe) [167®] 
(Leymann, B. 16, 1233).—6. By the abtion of 
KOH dissolved in an alcohol, it g^ves thecether 
of the di-nitro*phf;iol corresponding to the alcohol 
used (Willgerodt, B. 12, 762).—7. Phenyl-hy- 
drasine in the %old forms C 3 H 3 (N 03 ) 3 .K 3 H^h 
[ 120 ®] crystallising in red plates and converted 
by boilin- HOAc into C„H 3 (NO) 3 .N,?h [247®] 
(Willgerodt, J. pr. [2] 37, 34L 449). 

Chloro - tri - nitro - benzene X 9 H 2 CI(N 05 ),. 
[1;2:4:G]. Picryl chloride. Mol. w. 2472 . [®3^. 
From tri-nitro-phenol (picric acid) and PCI, 
(Pisani, A. 92, 326; Clemm, J. pr. [2] 1,145; 
Z. [2] 6 , 444). Amber-yellow mo^oclkilo tables 
(from ether) or nearly colourless needles (from 
alcohol), y. sol. boiling alcohol, si. sol. ether. 
Combines with benzene anfi other aromatic hy¬ 
drocarbons (Liebermann a. Palm, B. 8 , 378). 

Reactions. —1. Water or aqueous Na^OO, 
converts it into tri-nitro-phenol.—2. Ammonia 
forms tri-nitro-aniline.—3. Alcoholic KOH forms 
CrtH.(NO.^),OEt. — 4. Ethyl■ hydrazine forms 
C,.Ii;(NOj,N 2 HEt [200®] (Fischer, A. 199, 
299).— 6 . Phenyl-hydrazine forms C,„H,Nj 04 
[225®] (238®) (Willgerodt, J. pr. [2] 37,*357).— 
6. Alcoholic di - methyl - amine gives rise to 
C 9 H 2 {N 02 ),NMe,. [114®] (Van Bomburgh, R. T. C. 

2, 105). 

Bi-ohloro-nitro-benzene G 9 H^! 2 (N 02 ) [1:3:4], 
[33®]. Formed by nitrating wi-di-chloro-benz- 
enc (Kdrner, G.4, 305; 1875,323; Beilsleina. 

Kurbatoff, A. 182, 97). Long needles (from 
alcohol). Converted by alcoholic NH, at 210® 
into C 9 H.C 1 (NH,)(N 0 . 2 ) [1:3:4] [125®]. Aqueous 
Na.COj has no action even at 290®. Alcoholic 
NaOH readily forms C^HaCKOEtKNO,). 

Di-chloro-nitro-benzene C«H,Clj(NOj) [1:2:4]. 
[43®]. From C,H Cl,(N 02 )mHJ [1:2:4:3] and 
[6:2:4:3] by displacement of NH, ny H (Beilstein 
a. Kurbatoff, A. 192, 235). Forraud also by 
nitration of o-di-chloro-benzene (B. a. K., A.*. 
176, 41). Long ndcdles (from alcohol). Con- 
verted by alcoholic ammonia at 210 ® into 
C4H3C1{NH,)(N02) [105®]. 

Di-chloro-nitro-benzene C 4 H,C 1 ,(N 02 ) [1:4:6], 
[55®]. (266®). 8 .G. 43 1.669. 

Formation .—1. By passing chlorine into 
cold nitro-benzene (75 g.) containing FCjCl, 
(11-6 g.) (B. a. K.; Page, A. 225. 208).--2. By 
nitration of p-di-chloro-benzene (Jungfleisch).— 

3. From C,H,CI(N 03 )(NH,) [4:3:1] by the action 
of G 02 CI 2 npon the mazo- compound (Claus a. 
Stiebel. B. 20,1381). 

Properiies.—Tnclinic crystals (from CSj). 
Volatile \^th ateam. ’Alcoholic KOH converts 
it into C 9 H 3 { 0 H)Cl(N 0 j) [V4:6] [ 86 ®], together 
with (C^HiCy^NjO and di-cbloro-aniline p50®] 
(Laubenheimer, B. T, 1600). By alcoKblic NH, 
at 200 ® it is converted into chloro-pitro-anilinc 
[115®]. ^ 

Bi-chloro-nitro-benzene C,H 3 Cl,(NO,) [1:8:5]. 
[65®]. From the di - chloro-nitro-anilines 
C,H 3 (NH,)Cl,(NO,) [1:2:4:6] and [lj2:6:43 by 
eliminating NH, (K 6 mer,^. 4 , 876>. witt, B. 7, 
1604; B. 8,144) Long thin lamma (from al¬ 
cohol). Volatile with steam. Aloohwe NH, does 
not act upon it. 

Dl - chloro • di • nitro -beniesc 0 ,Hj^(NO,),. 
[103®}. ‘ Formed by nitrating m-ai-ohIoru» 
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benaene (K6mer, 0. 306; J. 1876,3231 yel¬ 

lowish pnams. Converted by aqueous KOH into 
A chloro-di-nitro-phenol. 

Di. ohloro. di • nitro - benaene C«H,Cl;j(N 04 j 
(l:4:ae63. [873] (J.); [104°] {Engelhardt a. 
Lateohinofl). ^12®). 8.G. 1*?10. Formed, to¬ 

gether with ue following, by nitrating p-di- 
chloro-benzene (Jungfleisch). {^all monoclinio 
lates. Boiling aqueous NajCO, converts it into 
i-chloro-plienol [80°]. 

Di.chloro-di-nitro-benzene CoH-ClsINOj), 
[1:4:2:3016] [^p7°] (J.); [101°/(E.a.L.). (318°). 
8.0. 1*695. Formed as above. Monoolinic 

needles. Boiling aqueoue Na^CO, converts it 
into chloro-di-nitro-phenol [70°]. Alcoholic 
NH, at 160° .forms C,HjCl,(N^(NOJ [66°] 
(Edrncr, Q. 4, 860). 

Tri- chloro - nitro • benzene C„H,C1<,(N02) 
[1:2:4:53, [67°]. (288*). 8 . 0 . 211 . 790 . Formed 
by nitrating C,H,C1, [1:2:4] (Leeimplo, Bl. [2] 
• 6, 161; A. 137, 123). Sulphur-yellow mono¬ 
clinic prisms Jfrom CS..). Converted by NH, 
into C,H,.(NH2 TcI*(N 02) il:3:4:6]. 

Tri-cbloro-nitro-benzene 
C«H,.C1,(N02) [1:2:8;4]. [66°]. From c-tri- 
chloro-benzene and fuming HNO, (Deilstein a. 
Kurbatow, A. 192,235). Colourless silky needles 
(^from alcohol). V. sol. ether and CSj, m. sol. 
dilute (50 per cent.) acetic acid, si. sol. alcohol. 
May be reduced to tri-chloro-aniline [68°]. 
Alcoholic NH,fofma C^n A(N1IJ(N0,) [1:2:3:4] 
[163°]. 

Tri>chIoro>nitro-bonzene 
CaH 2 CI,(NO,] [1:3:6:2]. |'() 8 °]. From s-tri-ch!oro- 
benzene aha fuming HNO 3 (Beilstcin a. Kur- 
batoff, A. 192,233). Long needles (from alco¬ 
hol). V. so). CSj and light petroleum. Am¬ 
monia at 230° forma OjH 2 (NHj)jC 1 (NOj) [1:3:5:2], 

Tri-chloro-nitro«benzeue 
C,H2C1,(N02) [l:3:6i2]. [89°). Formed from 
C,U,C1,(NH,)(N02) [3:6:1:2] by diazo-reaction 
(B. a. K.). (Jolourlesa needles (from light petro¬ 
leum). V. sol. alcohol, less sol. light petroleum. 

Tri-chloro-di-nitro-benzene C,HC1,(N0A. 
[103*3°3. (335°).^ 8.0. 2 ® 1*86. Formed by 
nitration of M-tri-chloro-benzene (Junglleisch). 
Light yellow six-sided prisms. Insol. cold alco¬ 
hol, sol. hot alcohol and ether. 

Tri-chloro-di-nitro-benzene CaHCl,(NOj)j. 
[1:8:5:2:4]. [180°]. Formed by nitrating s-tri- 
chloro-benzene (Jackson a. Wing, Am. 9,353). 
Thick white prisms (h:om alcohol). Sol. cold 
alcohol and ether; t. sol. benzene, GStt ftnd 
chloroform. 

Tri. chloro. tri - nitre - benzene 0 bC 1 ,(N 05 ), 
(1:3:6:2:4:6]. [187°]. formed by.nitrfting the 
preceding (Jackson a. Wing, Am. 9, 354). 
Tbida white needles ^rom alcohol). V. si. sol. 
water, sok aicbbol, t. sol. ether, benzene, anfi 
CSr % 

Tetra-(41m-nitro-benzene 
C,H(N0,)C1, [l:2:a:4:6]. [22°], From ti-tetra- 
chloro-benzene and fuming HNO, (Beilstein a. 
Kurbaioil, A. 192, 238). Colourless needles. 
V. sol. bei^epe, CS,, asd hot alcohol 

Tetra-ohlon-nitro-beazene 
C,HCl,(NO,) [1:2:8;4:5). [64*6°]. From c-totra- 
chloro-benzene and fuming HNO, (Beilstein a. 
KurbatoS, A. 192,839)» BmaU needles, d. sol 
llcoh^dt 


ea 

Tetra-chloro-nitro-benzene 
C,H(NO..)Cl4[l:2:3:6:6]. [99°]. (304®). 8.0. « 
1*744. From s-CaHjCl, and fuming HNO,. Some 
chloranil is also formed, but light petroleum 
dissolves the CkH(NO,)C 1, only (Beilstein a. 
Kurbatow, A. 192, 236; c/. Jungfleisch, he. cit.). 
Fornjed also by passing chlorine at 100° into 
nitrobenzene containing Fe^Cl, (Page, A. 226, 
20dK Needles (from alcohol). 

renta - chloro • nitro - benzene C8Clj(NO,), 
[146°]. (328°). 8.0. 1-718. Formed by heal 

ing penta-chloro-benzene with fuming HNO, 
(Jungfleisch). Slender needles (from alcohol) 
or monoclinio tabl^ (from CS,). V. sol boiling 
alcohol, CSj, and eWroforjo. 

CHLOBO- NITB6-BENZENE - SDLFEONIC 
ACID C„H,(Clj(N 05 )S 0 ,H [1:4:3]. Formed by 
boiling (l:3:4)-chIoro-di-nitro-bcnzen6 with a 
solution of sodio sulphite.—NaA'2aq: glistening 
prisms or needles, sol water and alcohol 

Amide [169°]. Plates or needles. Sol. 
^cohrJ,8l sol water (Laub6nheimer,B. 15,697). 

m-Chlor-titro-benzene sniphoiUo acid 
0,H,(CI)(N0,)(S0,H) [1:3:«]. Prepared by sul- 
phonation of m-chloro-nitro-benzene. On re¬ 
duction it gives a chloro-amido-phenyl-mer- 
captan which does not form anhydro- compounds. 

Halts.—A'jBa" : white sparingly soluble 
noedloa.—A'jPb“: soluble needles.—A'K: white 
soluble needles (Allert, B. 14,1434). 

(a)-GbIoro-nitro-beDzeiie>sulphonio acid 
C,H,{Cl)(NOj)SO,H [1:3:?]. Formed together 
with an isomeric (j3)-acid by sulphonation of 
m-ohloro-nitro-benzene. 

Salts.—A'K: needles or plates, sol. alcohol 
A|Na 2^aq : yellow needles.—A',Ba 2aq: small 
brown needles or plates, v. sol. alcohol.— 
A'sSrlaq: thick brown plates, sol ajcohol 
(Post a. Meyer, B. 14, 1606). 

0).Chloro>nitro-benzene-8ulphonic acid 
C„Hj(Cl)(NO,)SO,H [1:3:?]. Formed together 
with the preceding by sulphonation of m-ohloro- 
nitro-benzene. 

Saits.—A'K^aq; light yellow prisms.— 
A'jBa^aq: small yellow needles, insol. alcohol.— 
A’jSr: yellow crystalline powder (Posja. Meyer, 

B. 14,1606). 

m-Chloro-nitro-benzene di-sulphonic acid 
0«H,(Cl)(NO,)(SO,Ii), [1:3:?:?]. Prepared by 
sulphonating tii-chloro-nitro-benzeno with boil¬ 
ing H,SO,.—A"K,: pearly scales (Allert, B. 14, 
1436), 

CHIOBO-NITKO-BENZOIO ACID 

C, H,CI(NO,)(CO,H) [^4:1]. [187°], Formed by 
oxidising chloro-nitro-toluene [66°] by alkaline 
KMnO^ (WaohendorE, A. J.86, 275; Leilmann, 

B. 17,634). 

(^oro-nitro-benzoio acid 

C, H,Cl(NOJ(CO,H) [8:2:1]. [137®]. Fomed by 
^e action of H,SO. and HNO, on the di-ohloro- 
tenzoio acid [156®3*obtaine(rby direct chlorina¬ 
tion or benzoic acid (Glaus a. Bfloher, B. 20, 
1624). Eithtf this or the following acid ought 
to be identic^ with the isomeride [235°], 

Cbloro-nitro-benzoio acid 
b,H,Cl(Nd,)(CO,H) [3:4:1J. [186®]. Obtamec 
by the action of H,SOt and HNO, on the di 
ohloro-benioio acid [201®] formed by ohlorina 
tion of benaoio aQid(C.a.B.).- BaA',4aq(B.a.E.] 

0).Chloro-&uro<be&toic aeid 
OA®(»Oi)(0O,H) [8:6:1]. [188®]. One of th 
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prodaets of tbo fiftraiioo of m oliforo^beD^OiO 
Boid(Ulrich. A.m, 97). 

Sal ts,-BaA'^—CaA'aafi.—PbAV— 

Ethyl 6ther EtA'. [289^] (Conzoa.HUbner, 
A. 185.118). 

Anilide C*H,a(^0,HC01?PhH); 
neodlea. 

ChloTO'&itTo-benzoio acid * 

0 AC 1 (N 0 ,)C 02 H [4:2:1]. [189®]. From 
0,H|,Cl(NOJMe [4:2:1] by oxidation with 
jaNO, (S.G. 1-1) (VarnhoU, J. jpr. [2] 86 . 30). 
Formed also by saponifying its nitrile with dilute 
Long needles; el., sol. cold water and 
m. sol. chloroform. * 
mtriU C*H,Cl(NO,)CN. [98^]. From the 
corresponding chloro«nitro>anilin 6 by Sand* 
meyer’s reaction (Claus, J. pr, [2] 37, 197). 
Needles, V. sol. ether and alcohSi, m. sol. cold 
water. 

Chloro-oitro-benzoio acid 
C,H,Cl(NO.)CO,H [1:3:6]. [147®]. • Prom 

C,H,(NH.^)(NOj)CO,H, cone. HCir and nitrous 
aoid gas (Hiibner, A. 222,89). Small needles. 
V. sol. alcohol, ether and glacial acetio acid. 
Salts.—BaA', 4aq.—PbA'^ 
Chloro.oitro-benzoic acid C«H 201 (NO.^CO 2 n 
[2:5;1], [164®]. S. -361 at 16®. Formed by 

nitration of o-chIoii>beDzoio acid (WUkens a. 
Back, A. 222. 195; c/. KekuW, A. 117, 153). 
Formed also by the action of PCI., on nitro-o-oxy- 
benzoic acid (Hubner, Z. [2] 2, 614). Long thin 
monoclinio needles (from dilute HCl). V. sol. 
hot water, si. sol. cold water, v. e. sol. alcohol, 
ether and benzene. 

Salts. — NH,A'. — NaA\ — BaA'jBaql — 
SrA'ad^aq.—CBA',2aq.—ZnA'a 6 iaq.—CdA'j 5aq, 

Ethyl efhsr EtA'. [29®]. 
mtriU OACKNOa)CN. [106®]. Formed 
by nitrating the niti^e of o-cbloro-bcnzoio acid 
(Henry, B. 2,493). 

Chloro.nitrO'benzoie acid C«H,CI{NO.;)CO..H 
[4:8:1]. [180®]. Formedby nitration of p-chloro- 
benzoic acid (Beyeill, A. 222,182). Formed also 
by oxidiSing the corresponding ohloromitro* 
tolnene (Hubner, Z. [2] 2,614). 

S alts.—BaA',4aq.—CaA', 6 ]aq.—MgA', 5aq. 
Ethyl ether Mk'. [S9°]. 

Anilide C^,CI(NO,)CO.NPhH. [ISl”]. 
Nitrile 0,H,CI(N0,)CN. [101°]. From 

the corresponding chloromitro.aniline by Sand- 
meyer's reaction with ouprons cyanide (Claus, 
J»pr. [2] 87,197). Neeles, si. tol. cold water. 

Chloio-nitro-benzoic acid C,H,Ci(NO,)CO,H 
[8:4:1]. [186®]. FrW the nitrile by saponifica¬ 
tion with dilute H 2 SO 4 (Claus, J.pr. [2] 37,200). 
yHiite needles. V. sol. hot water, alcohol, ether, 
chloroform, si. sol. cold water, CSj.—Salt 8 .— 
BaA',2aq. —CaA'j2aq. —lLgA '2 needles (from 
water). ^ 

JV^ifr<feC.H,Cl(NO^CN. [SJ®]. From the 
corresponding chloro-nitro-anlline by displace¬ 
ment of N^ by Gy. Colonrlees needles, ah sol. 
cold, y. soL not, water. *■ 

(a).ChloTO-nltro.benzole aoid 
0,H,Cl(NOJ(CO^ [3:3:13. [236®]. From m- 
ohloro-oenzoio acid and famin^NO|t» Separated 
by water from the more soluble ( 6 )-i 8 omeride 
{187®] (Ulrich, A. 222,95). Long thin needles, 


' or six-sided tables. V., bI, boI water, r* soL 
ether. 

Salts.'-BaA'j 4aq.—CaA', 3aq. 

Anilidt 0 ,H 3 Cl{NO,)(CONPhH).' [186®]. 

Chloro-di-nitro-beuzoio aoid® * 

C,Tl,Cl(NOa),C«^ [2:(3or)6:3?:l]. [238®]. By 
nitration ot c^hloro-benzoio aoid (Wilkens a. 
Back, A. 222, 201). SmaW colourless needloa 
(from petroleum). Y. sol. ^yate^, alcohol, ethsi, 
or petroleum, si. sol. benzene. • 

Bi-chloro-nUro-benzoio acid 
C.H,Cl,(NO^(CO^) [4:3:x:l]. pl60®]. Obtained 
by nitration of (4,3,l)-di-cbloro-benzoio acid 
[ 201 ^], which is formed by direct chlorination of 
benzoic acid (Clans a.‘Biicher, 20, 1621). 

Small needles. Sol. water. * 

Bi-ohloro-nitro-benzoio acid 
C,H,C 1 ,(N 0 J(C 02 H) [3:2ir:l]. [215®]. Prepared 
by nitrating (3,2,l)-di-chloro-benzoio acid [166®], 
wiiicli is got by chlorinating benzoic acid (Clauf 
a. Bucher, B. 20,1621). SI. sol. boiling water.— 
Ba.\',. 4aq: lens-shaped aggregates of small 
needles. 

Tri-ohloro-nitro-benzoic acid 
C„HC1,(N0,)(C0^) [2:4:6:3:1]. [220®]. From 
C,HCI.,(C0,H) [2:4:6:1] by nitration (Bcilstein a. 
Kulilbcrg, A. 152, 239). Small needles (from 
water). V. si. sol. boiling water. -CoA', l^aq.— 
BaA', 2aq : crystalline powder. 

Tetra-ohloro-nitro-benzoic^cid 
C^CldNOJCOjH [5:4:3:2:6:1]. ^Formed by nitra¬ 
tion of tctra-chloro-benzoic aetd [5:4:3:2:1], by a 
mixture of fuming HNO, and cone. H.SO,. 
Silvery plates. Sol. water. By tin and HCl it 
is reduced to totra-chloro-amido-bonzoio acid. 

Salts.—A'.^a2]aq: y. sol. water, small 
colourless needles.—A'^Ca: easily soluble glisten¬ 
ing plates (Tust, B. 20, 2441). 

CHLORO-NITBO-BEN^IC ALDEHYDE 
CJI.C1(N0,)CH0 [3:4:1]. [62®]. From [3,4,1]- 
chloro-nitro-toluene by chlorinating and treating 
the resulting C,H,Cl(NO,).CHXl with lead hr 
copper nitrate solution (Landsberg, D. P. J. 262, 
13'.)). White needles [from water). 

Di-chloro-o-nitro-benzoio ‘aldehyde 
CJI,Cl*(NO,)CHO. [138®]. Obtained by nitra¬ 
tion of di-chloro-benzoio aldehyde with a mixture 
of UNO, and H.^SO, (Onehm, B. 17,753). Pearly 
plates or needles. By treatment with acetone 
and NaOH it yields tetra-chloro-indigo. 

CHLOBO-NITBO-CAHPHOS v. Campiiob. 

a-CHLOiy)-p-NITRO.CINNA]ttIC ACID 
C,H,(NOJ.CH:CClCO,H. [224®]. Froma-chloro- 
p-uitro-B-oxy-B-phenyi-propionio acid and HCl 
(S.G. 1-i) at 180® (Jiapp, B. 19. 2646). Prisma 
(from alcohol). 

CHLOBO-DI-NITEO-OYMEITB 
^,HC1(N0.,),(CH,)(C,H,) [2:?:?:U4]. H09^. Mo- 
noclinic prisms. Prepared by nitration of chloro- 
cymene [214®] (Geriohton, B, llaK^l). 

Chloro-di>^tro>oymene 

C,HC1{N0,),(CH,)(0,H,) [S:?:?:1:4]. [101®]. 

From di-nitro-thymol and POl^ (Ladenburg a. 
Engelbrecht, B. 10,122^. Light yeilow prisms. 

»-Di-chloro-nitro«cymeae * 
C,H,(CHCy(NOj)(0,H,) [1:8:4]^ From nitro- 
oumiuio aldehyde 0 ^,(CHO)(NO 2 )( 0 tH,) and 
Pd, (Widmann, B. 15,167). Oil. 

CHIOBO-DI-NITBO-BTHAHK CACl(NO,),? 
A liquid formed when ethylidene chloride ia 
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heated in a scaled (iibe with HNO, at lOC^ 
(Lauterbaoh, B. VJ, 077). 

Tetra - ohloro - di • nitro • ethane GjCl^NjO^. 
Formed 6 y direct union of tetra-chloro-ethyleno 
with natrio peroaide (Hooh a. Kolbe, J.pr. [2] 4, 
30). Feathery needles (from alcohol); insol. 
water. Volatile with steam, fiecomposes at 
140'’. Alcoholic KOU forms long prisms of 
(LCl.mO..)..(OK). 

• CHL0H(1^1TI10-ETHYL-ANIUNK 
C,H,ClN,0,i.c.C«H,Cl(NOa).NHEt [6:2:11. [84®). 
From chioro-di^itro-benzeno an alcohoUo 
solution of ethjd.aniline (Laubenheimer, B. 11, 
1156). Golden needles; si. sol. oold alcohol, 

DI-GHLOBO>KXXRO*£THYL-S£NZ£N£ 
C,U 5 .CUCl.«Hgi.NO,. [30'’) ? Formeii by the 
union of Cl with C^H,CII:CH.NOj (Priebs, A. 
22.3, 344). Usually an oil. Volatile with steam. 
Aqueous NaOH forms tlgHj.CChCH.NO,. 

Di-ohloro-aitro-ethyl-bonzene C,H.jCl,(NO..)Et 
fl:4:x:2]. [176®). Formed by boiling di*cliloro- 
ethyl-benzene with HNO, and for 50 

hours (Istrati, Ri.[2) 48,41). Crystalline plates, 
sol. hot water. Gives a yeIlowiah*white pp. 
with FojClg. 

Di-chloro-tri-nitro'Othyl'benzens 
0 ,Cl 2 (N 02 )iEt. [lOr)’). Formed at the same 
time as the preceding (Istrati). Groups of 
small crystals; insol. water, v. sol. alcohol. 
FejjClj pps. its alcoholic solution. 

Tetra>obloro-illtro*ethyl'benzene 
C,.Cl,(NO,)(C 2 H,) [1:3:4:5:2:13). [30®]. Formed 
by passing C^H, into a mixture of AlXl^ and 
CJICl.lNO^) (Istrati, A. Ch. [0] 6,498). Gelatin¬ 
ous solid, V. sol. ether and CiiCl,. Decomposes 
on distillation, giving tetra-chloro-di-elhyl- 
benzene. 

T£I.CHLORO.NITBO-ETHTLE!rE 02 Cl,NO,(?) 
Formed by adding CoOl, to a cooled mi.xture of 
H^SO^ and fuming HNO 4 (Hoeh, J. pr. [2] 6 ,95). 
Pungent yellow oil; decomposed by water and 
alkalis. Br aW50'’ converts it into C^Cl iBr..(NOj) 
[c* 120®]. Liquid nitric peroxide at 116® forma 
h'athery crystals of an uiiAable compound 
CCI,(N 02 ),. 

CHLORO-NITEO-ME 8 ITYLENE O^H.oClNO.^ 
i.c. 0,HCI(NO,)M6, [2:4:1:3:5]. [57’]. Formed 
by nitrating chloro-mesitylene (Fittig a. Hooge- 
werff, A. 150, 324 ; Z. [2J 6 , ICd). Pale yellow 
spicular crystals, v. so), alcohol. 

Chloro'di'nitro-mesitylene* C,Cl(N 02 ) 2 Me,. 
[179®). The chief product of the action of 
fumiog HNO, on chloro-mesitylenp (F. a. H.). 
Long colourless needles (from alcohol). 81. soL 
cold alcohol. May be sublimed. 

CHLOBO-NITBO-UEXHANE GH^giiKO,). 
(123®). S.G. ^ D466, tFonned by the action 
of chlorine • water on •sodium nitro • methane: 
CHjN^Oj + CL-NaOl+OHJOllNO,). The pro-, 
senoe of O! and the chloroih nitroxyl (NO,) 
render the hydrogen displaceaWe by sodium; 
hence the li^ia dissolves in alkali. 

Cbloro-di-nitro-methane CClH(N 02 )r 

Potsasinm salt CKCI(NO,),: large yellow 
crystals, soL water, explodes at 145® (Losanitsob, 
B. 17,849). • • 

lH-ebloro4i^tro.metha&e CCl,(NO.),. 
(abo ?6 100®). 8 . 0 . i'685 (M.). Formed by 

passing chlorine into an aqueous solution of 
CKCl(NO^, (Losanitsob. B. 17,848). 

Prij’^r^iow.-^rude naphthalene tetraehlor* 


ide (200 grms.) is treated with fuming UNO, 
( 4 OO 0 . 0 .) in a large retort; when the reaction 
is over, the mixture is distilled as long as the 
residue in the retort froths strongly. The distil- 
late is diluted with twice its bulk of water and 
the di-ohloro-di-nitro-methane distilled off with 
stoamA the yield is 4 p.o. of the naphthalene 
tetrachloride (Marignao, A. 88, 16; Baschig, H. 

18,3526). 

Properties.—Pungent oil: volatile with 
steam. On reduction with SnCl, it yields 
bydroxylamine. 

Tri-chloro>nitro-metbane CCl,(NO,). C/iIoro- 
picrirt. Nitro-chlor\iforw. Mol. w. 164^. (112® 
cor,). S.G. S 1-692D (Thorpe). O.E. (0®-10®) 
•001106; (0®-100®) *0012256. S. (alcohol of 
80-6 p.c.) *743 (Cossa, 0, 2,181), S.V. 110*49. 
M, 1-4079 (Gladstone, C. J. 23,101). 

Formation.—1. By distilling picrio acid and 
other nitro- compounds with bleaching-powder 
(Stonhonse, A. 66 , 241; P. ilf. [3] 33, 63; Ger- 
hardt a. Cah^rs, Cwnpf. chim. 1849,34,170).— 
2. By distilling chloral with cono. HNO, (Ke- 
kul 6 , A. 100, 144).—3. From chloroform and 
UNO, (Mills. C. J. 24, 041).—4. By distilling 
alcohol with sodic chloride, KNO, and H 3 SO, 
(KckulA i4. 101 , 212 ). 

Preparation.—A saturated (at 30®) solution 
of picric acid (Ipt.) is mixed with bleaching 
powder (10 pts.) previously made into paste with 
water, and the mixture distilled (Hofmann, A. 
139, 111). 

Proj^erties.—Pungent liquid. V. si. sol. 
water, v. sol. alcohol and ether. 

Reactions.—1. May be reduced by iron and 
acutio acid to methylamine (Geisse, A. 109,282). 
2. Fuming HI at 100 ’ forms NH„ HCl, and CO, 
(Mills, C. J. 17, 163).-3. NaOEt in absolute 
alcohol gives orthocarboaio ether C(OEt), 
(Bassett, C. J. 17, 198).—4. KCy and dilute 
alcohol forms cbloro • nitro - malonitrile 
C(NO,)ClCy„ an unstable compound which gives 
with aqueous lead acetate app. C(NO,)ClCy23PbO 

and with silver nitrate(C(NOjClCy5),(AgNO,)48i^ 

(Bassett, C. J. 19, 352).—6. Alcoholic aminonia 
[ forma guanidine C(NII)(NH ,)4 (Hofmtfhn, C. /. 
19, 249).—6. Alcoholic KOH gives KCl and 
KNO, (S.).—7. Alcoholic EOAo at 100® gives 
KCl, K,CO„ and KNO,. (Bassett, C. J. 18, 31).— 
8. K,SO, forms CH(N 04 )(SO,K), (Bathke, A. 
161, 149).—9. With benzene in presence of 
A!,OL it yields tri-phcuyl-carbinol and tri¬ 
phenyl-methane (Elbs, B. 16,1274).—10. With 
phenol and A1,C1, th^ chief product is aurin 
(tvi-oxy-tri-phenyl-carbinol) (E.),— 11. With 
naphthalene and Al,Clf it ^rields tri-naphthyl- 
carbinol (E.). 

DI.CHL0R0.NITE0-T£TRA.1IETHYI,.DI. 
AMIDO-TEI-PHENYL-MEXHANE 
C..H.4,N,CL0, U C,R,(NO2).CH(0,H,aNMe,)^ 
[208®). •Rom m-chloro.di.mothyl-anilino, 
p-nitro-benxoiqjtldebyde, ZnCl,» and HOI (Kock, 

B. 20,1562). ^mon-yellow scales (from ben- 
xene). May be reduced to 0„H„N,Ol| [181®]# 

Piorat6C„H«N,0,.01r [189*]. 

CHL0E0-NITB0«DI-MEXHYI..ANIinrE 

C, IT,Cl(NO,)(NMeJ [4:3:1]. [66®]. Formed to¬ 
gether wits otbet products by the action of 
nitrous acid upon p-ohloro-dl-methyl auilina 
(Koeh, B. 20,2459; c/. Heidlbe^ B, 20,149). 
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CnFlLORO-NlTRO-NAPHTHALENB. 


CHLO&O.mXBO.KAFH'rH&IENE 
0,*H,C1(N0,) [1:4}. [85°]. From (a).chloro. 

Daphthdene and cold HNO, (S.G. 1‘4). Ex¬ 
tremely slender, light yellow concentric needles. 
PClj gives {• 0 ’).di-ohloro naphthalene. Tin and 
HCl reduce it to (a)-naphtliylamine (Atterberg, 

B. 9. 927). ^ 

(* a ')-Chloro-di-nitro*naplithaIeno 

C, ACl(NO,), [1:4:1Q. [106°]. Formed, together 
with the foregoing by treating (a).ohloro-naph- 
thalene with warm HNO, (S.G. 1*4) (A.; Faust 

Saame, A. 160, 68). Long yello\7 pliable 
needles, v. sol. hot alcohol. PCl^ converts it 
Into (8)-tri-ohloro-naphtha]^ne. 

(* 0 ')-Chloro^*j^tro>naphtbalene probably 
NO, NO, 

[180°] (A.); [176°] (E.). Obtained 




by the action of hot faming HNO, on (a)-ohloro- 
naphthalene (Atterberg). Formed by the action 
of HNO, upon chloro-nitro-(o)-f.aphthoic acid, 
[226®] (Bkstrand, B. 18, 2881). Glistening 
yellow needles (from alcohol). SL sol. boiling 
alcohol. 

(* 8 *)-])i-ehloro.nitro-naphthalene 
0„H,Cl,(N0,) [1:4:1']. [92°]. From (‘^’)-di* 
ehloro-naphthfldene and HNO, (S.G. 1*46) (Wid- 
mann, Bi. [2] 28,609). With PCI, it gives (5)-tri- 
chloTO-napbthalene. 

Bi-ohloro.nitro-naphthalene OioHjGUINO^). 
[96*?]. Formed, together with an isomeride 
[142*^, by ^e action of cold cone. HNO, on (5)- 
di-ohloro-naphthalene (Alen, BL [2j 36, 43i3). 

Bt-ehloro-Bitro-naphthalene C„H^Ci,(N 02 ). 
[c. 114°]. From («)-^-chloro-naphthalene ^and 
cold fuming HNO, (Al4n,Bi. [2] 36, 435). Yel- 
lowish nee^es. 

(i}).lH>ehloro-nitro-naphthalene 
CjpHjClaINO,). [119®]. Formed by adding 
laming HNO, to a solution of ( 7 )-di-chloro naph- 
lhalenemHOAo(CUve,Bi.[2] 29.499). Golden- 
vellow needles; m. sol. boiling alcohol. PCI, 
Conns (e)-tri-obloro-Daphthalen6. 

Bi-ehloro-nitro-naphthalene 0 ,oHjCl 2 (N 02 }. 
[139®]. Formed, together with the isomeride 
[114®], by treating («)-di-chloro-naphthalene 
with cold faming HNO, (iJen, Bl. [2] 36,436). 
Needles, turning brownish-violet in the air. 

Di-ehloro-nitro-naphthalene CioHjCl^lNOj). 
[142®]. From (8)-di-chlofo-naphthalene and cold 
oone. HNO, (A14 q, Bl. [2] 36. 433). Needles, 
taming ^een in the aift 

( 7 )-Dl-ehloro-mtro-naphthalece 
C„H,Gl|(NO|). [W2®]. From ( 7 )-di-chloro- 

naphthuene and cold HNO, (S.G. 1*4) (Atter¬ 
berg, B. 9, 928). Short sulphur-yellow brittle 
prisms (from HOAo). PCI, gives (6)-tri-chloro-, 
caphthi^ne. 

(' 0 *).lHl-ehloro-di-iLitra-naphthalene 

G, „H,CL(NO,)r [158°]. Formed by adding 
HNO, (S.G. 1*48) to a solution oA(‘/3 ’)-di-chIoro- 
oaphtbalcne in HOAo (Widmann, Bl. [2] 28, 
610). Long yellow needles: si. sot aleolmL 

( 7 ). 2 )i-ehIoro-dl>iiitro-naphthaletfe 
C„]a,CliNO^,. [246°]. From( 7 )-di-chloro.nitro- 
naphthalene [142®] and HNO, mixed with 

H, SO« (Atterberg. B, 9, 17^). Light yellow 
brittle prismatic needles; t. si. sol. all solvents. 
PCI, gives («)-tetra-chloro*naphtbalene. 


(S).I)i.ohloro-di-nitTo.naphthaleiie 
0 ,oH,Cl 2 (NO,.),. [246°].* Formed by adding 

fuming HNO, to a solution of ( 8 )-di-ohloro- 
naphthalene in HOAo (A14n, Bl. [2] 36, 434). 
Palo yellow prisms, turning green in airr 

(c).Bi-chlor| 0 -di-iiitro-naphthalene 
0 .,H<Cl,(N 02 )~ [253°]. Formed by acting on 
(().di-cliloro-naphthalene dissolved in glacial 
acetic acid with fuming HNO, (A16n, Bl. [2] 3(j, 
435; Claus a. Dehne, B. 16, 320).^ Pale yellow < 
needles, turning red in air. PCI, gives 
obloro-naphthtfiene. Alcoholic KOH forms 
C„H,( 0 Et),(N 02 )r 

Bl-chloro-tri-nitro-naphthaleue 
C,ACli(NO,),. [178°]. From f a’)-di-ohlbro. 
naphthalene, H 2 SO 4 , and H^O,« (S.G. 1*48) 
(Widmann, Bl. [2] 28, 605). Brittle yellow 
prisms (from HOAo); si. sol. alcohol, v. sol. 
chloroform. • 

(«).Di.chloro-tri-nltro-naphthalene 
CjpE^CljINO,),. [200®]. Formed by boiling (^• 
di-chloro-naphthalene with fmmng HNO, (Aldn, 
Bl. [2] 36,435). Pale yellow needles. PCI, gives 
(»?) -tetra-chloro-naphthalene [160°]. 

Bi-chloro-tri-nitro-naphthalene 
C,oHjClo(NOj),. [201°], Formed by acting on 
(S)-di-ch)oro-naphtha]ene with fuming HNO, at 
100® (Aldn, Bl. [2] 36,434). Pale yellow needles, 
turning greenish in the air. 

Tetra-chloro-nitro-naphthalene 
C„H,C 1 ,(N 02 ). [156°]. Frcfai (S)-tetra-chloro- 
naphthalene and cono. HNO, (Atterberg a. Wid- 
mann, B. 10,1841). Large pale-yellow trimetrio 
prisms (from alcohol-toluene). PCI, gives (‘ 0 ’)- 
penta-cbloro-naphthalene. 

CHLOBO.inTBO-(a)-NAFHTHOIC ACID 
NO, CO,H 

C..H.Cl(NOJ(CO,H)piob 8 Wy (^^^.[225°]. 

Formed by nitration of ohloio-(a)%aphthoioaoid 
[245°]. Prisraatio needles. ° 

Ethyl ether A'Et: [121®]; tables (from 
alcohol) (Ekstrand, B. 18, 2881). 

TEI. CHLOKO.TEIEA-NiTEO-Dl-{fl)-HAPH. 
THYL - EIHANE Oj^„(NOJ,Cl,. [258®]. 

From tri - ohioro - di - (8). naphthyl - etlmne 
(C,.H,),CH.CC1, and HNO, (Orabowski, B? 11, 
298). Crystalline powder, insol. alcohol, ether, 
and HOAo. 

DI.CHLOSO.TETSA.NITBO.SI.(a).HAFH. 
THYI.EIHYIEHE 0„H„(NO,).CI,. [214°]. 

From di - ohioro - di. (a) - naphthyl - ethylene 
(0„H,),G:CC1, and laming HNO, (Orabowski, B. 

11, m- . • 

Di- chloro - totra -iuta-dl-(i3)-naphthyl.ethyl- 
ene C„H„(NO,),Cl,. [298°]. Formed ty nitra¬ 
ting di'Chloro-d^( 8 )-naphtbyl-bthyKue (O.). 

CHIOBO-NITBO^DXT-BENZOIC ACID 
C,H,(Cl)(NO,)(OH)CO,H [6:?:2:fi.*[168°]. Pro- 
pared by nitration of m-ohloro-salicylio acid 
(Smith a. Peirce, B. 18» 84; Am* 1,176). Short 
needles. 

Salt 8 .—A'K: soltAleyellowte^es.—A'^Ba; 
sparingly soluble orange needl|^.—A'Ag: insoL 

pp. 

Ethyl tther A'Et: [89°]; ooloorless flat 
needles. 

AmiA4 [199°]. SI. sol. tratttt ▼* sob iloohcL 
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«<]lkI6re-dt<iiitro*o>ozy.beii8oU Mid 4 

S NO,),(OH).COjH. [78®]. I^m ohloro- 
0 aoia and faming HNOg (Haase, B, 10, 
9191). liong yellow needles (from water). 

(Pv. 1:2).OI44}ELOBO-(B. 1:8or4).Dl.NlTBO. 
(Fv.8}ltlZ7.(B.4}.ICETETL.QUIK0I.IN£ 


(Pv. 1:2).OI44}ELOBO-(B. 1:8or4).Dl.NlTBO. 
(Py.8)ltlZ7.(B.4).ICETETL.QUIK0I.INB 
^ . 001:001 

0,AN,C1A 0,H(CH,){N0J^^ ^ 

• IH^hUmhdi-ni^’hlwaTbostyril. [186®]. 
Formed by dftration of {Py. l:2:8)-di-ohloro-ox^* 
(B.2).methyl.qmnoline in oold^H^SO, solution 
by means of Long yellow needles with 

greenish reflex (BUgheimei a. Hoilmann, B. 18, 


fl-CHLOBO.o-KITBO-a.OXY.e.PHEN^L. 
PBOPIONitf A#ID 0^,C1N03 t.e. 

[2:1)0,H,(NO^.0HC1.0H(0H).C0^. [120®]. 

From o*Ditro-a.oxy-ciiviamio acid and fuming 
HGl (Lipp, B. 19, 2049). Needles (from ether* 
ligrofn). Alcoholic EOH re-oonverts it into o* 
nitro>a.oxy‘Cinnamio acid. 

^*Ohloro.p.n9tro.a.oX7-8-phenyl-propionio 
acid [4:13q,H,(NO,).CnCl.CH(OH).CO,H. [168®], 
From ;)-DitTO-a*oxy-cinnamio acid and fuming 
HCl (L.). Small glittering needles; si. sol. cold 
water. The Ba salt is split up by boiling water 
into 00a, BaCl,, and jD-nitro-phenyUacetio aide* 
hyde. Alcoholic KOH gives j^mitro-a-oxy-cin* 
namic acid. 

a.Chloro.o.nitr>-j8-oxy.8.phenyl-propionio 
acid [2:1]C,H4(N0,).CH(0H).CHC1.C0,H. [120®]. 
Formed by passing chlorine into a solution of o- 
nitrO'Cinnamio acid in dilute aqueous NaOH , 
(Baeyer, B. 13, 2261). Crystalline mass (from 1 


benzene-Iigroin). Sol. ether. Converted by NaOH 
and FeSO, into indole. Alcoholic KOB gives o* 
nitro-3*oxy-oinnamio acid. 

o-Chloro.p.nitro-fl.oxy-phenyl.propionio acid 
[4:1]0,H4(NO,).OH(OIJ).CHCLCO,H. [165®]. Pro. 
pared in the same way from j>.nitro-cinnamio 
acid (Beilsteiif a. Euhlberg, A. 163,142). Tri- 
matric plates (from water). HCl (S.G. 1*1) at 
150® gives chloro-nitro-cinnamft acid. Na CO,Aq 
gives, on warming, p-nitro-3-oxy-cinnamio acid. 

CHL0B0.O-5ITB0.PHEN0L C.H^ClNOj t.e. 
0,H,0l(N0,)(0H) [8:6:1], Mol. w. 173^. [39®] 
(L.]L [40° and 82^®] (U.). 

Forwwfiort.—1. By boiling (8,6,l)-chloro-di- 
nitrO'benzene with aqueous NaOH (Lauben* 
heimer, B. 9, 768).—2. By nitrating tm-ohloro. 
phenol (Uhlemann, B. 11,1161). 

Propertm, —Lomon-yellow needles or prisms 
(from water). 

Salti.—0,H,Cl(N0,)(0Na): scarlet prisms, 
m. sol. cold water.—BaA'ySfl: slendori«carlet 
needles.—AgA', • • 

Keffcirl#lfc«f04H|Cl(N0a)(0Me). [70*6®]. 
Needleli * # « 

Chloro.o.ttitro.phenol G,H,GUN0,)(0H) 
[6;2:1]. [70J]. • Formed, togothn with the iso* 
meride [111^, by treating o-ohloro-phenol with 
nitric abid (S.Q. 1*86) diluted wim an equal 
weight of water (Faust a. Mflller, A. 178,809). 
Flat yellow needles (h'on^chloroform). Tolatile 
with steam. ttNO, gives ohloro-di*nitro.phenol 
[ 111 ®]. • 

SaUs«->0A<^(K0j(0S): long dark-red 
needles, V. sol. ^t«r,^OftA', aq: reddish-brown 
prisms, m. H od^r- 
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brown pUtea, si. sol. water,—AgA': oars^ne-red 
scales, si. sol. water. 

Chloro-o-nitro-phenol OA01(NO,)(OH> 
[4:2:1]. [87®]. 

Formation.—1. The sole product of the aetlon 
of dilute HNO, on j^ohloro-phenol (Faust, B. 6, 
132; A. 178, 817; Suppl. 7,190; Z. [2] 5.460). 
2. By Chlorination of o-nitro-phenol (Armstrong 
a. Pr«v<»t,B. 7,922).—3. One of the products of 
the action of alcoholic KOHon(4,2,l).ohloro.di* 
nitro-benzene (Laubenheimer, B. 7,1601). * 

Properties.—Light yellow monoolinio prisms 
^rom GHCl,). 7. si. sol. water, m. sol. lucohon 
Volatile with steam. Br and water at 100® g^ve 
ohloro-bromo-nitro-phenol [125®] (Ling, C. J. 61, 
786). But Br in HOAo gives an isomerio ohloro* 
bromo-nitro-phenol [120®]. 

SaU8.~C,H,Cl(NO,)(ONH,): orange-red 

needles.—NaA'^: red prisms.—BaA',4aq:' 
short red prisms.—AgA'. 

B<;ipfefAerOaH,Cl(NO,)(OEt). [62®]. Prom 
AgA' and EtL Formed also by nitrating the 
ethyl ether oLp-chloro-pbenol (Hallook, Am. 9, 
268; B. 14,37). 

Chloro*p.nitro*phenol C,H,G(NOJ(OH) 
[2:4:1]. [111®]. 

Formation. —1. By ohlorinating p.nitro.phe* 
Dol (Armstrong, 0. /. 95, 12; Faust a. Mflller, 
A. 173,309; KoUrepp, A. 234, 4).-2. Together 
with the isomeride [70®], by treating o-chloro* 
phenol with dilute HNO, (F. a. M.).—3. From 
cbloro.di-nitro-phenol [111®] by reduction tn 
ohloro-nitro'amido-phenol followed by displace¬ 
ment of NH, by Cl through the diazo- reaction 
(Faust, Z. 1871, 339). 

Properties.—White silky needles, m. sol. boll- 
ingowater, v. sol. alcohol, ether, and ebloroform. 
Very slightly volatile with steam. ENOj con¬ 
verts it into ohloro-di-nitro-phenol [111®]. 

Salts.—C4H,Cl(N0,)(0K)aq: brown needles, 
V. sol. water.—CaA '2 4aq: tufts of oanarj.yellow 
needles, v. sol. water.—BaA', 7aq: long dark- 
yellow needles.—AgA': ooppor-brown flattened 
needles, si. sol water. 

Methyl ether C,H,Cl(NO,)(OMc). From 
the methyl ether of nitro-o-amido-phenol by dis¬ 
placement of NH* by Cl. Needles. *' 

Ethyl ether C,H.Ol(NO,)(OEt). CMorth 
nitro-phenetol. [78®]. Formed by ohlorinating the 
ethyl ether of p-nitr(^-phenol by HOi and KOlOa 
(Hallock. B. 14, 37; Am. 3, 2l). 

Chloro-nitro-phenol. Methyl ether 
C,H,Cl(NOg)(OMo) [2:*:1]. Chloro-nitnhonisol 
[94®]. Prepared by nitration of the methyl ether 
of o-ohloro-phenol (Fisoflii, B. 11,1461). Colour¬ 
less spikes. . , 

Ohloro-di-altro-phenol ^ 0«B//l(N(U,(0H) 


[4:3:6:13. [81®]. , ‘ , 

Formation. —1. From p-ohloro-phenol and 
HNO, (S.G. W) (Dubois, Z. 1887,205).—2. By 
nitration of p-enloip-phenol snlphonto acid 
(Peterses a. Praderi, A. 167, 156).—8. By nitra¬ 
ting chloro-nitro-phenol [87®] (Faust a. Saame).— 

4. From di-oh!bro-di-nitro*bensene fl04®] and 
boiling aqueous NaOH (Engelhardt a. IaV 
schinoff, B.»1870, 234; Kflrner. Q. 4 , 895).— 

5. By ohlorinating (*0’)-di-nitro-phenol (^^• 
strong, B. 6.649).—6. In smtU quaDttty,.to^et 
with the iromeride [111®]« by the aenoB of IGl 
on tri-xdtro.pheno? (piorio acid) (Petersea, S. 6, 
869; Armstrong, loo. ei4—7. Sp boUing ^loro* 







di*0Ura«BiUn.» t^4S^ vith aqueous KOH {Kdr> 
uerj.—8 . Bt diesolviog chloro>o<oxj>benzoio acid 
in jTuming HNO, (Smith a. Peiroe* A. PK S. 17, 
707; Am. 1,176; B. 18,86). 

iVuperiiM.—TeUow monoolinio prisms (irom 
ehlorotonn). SI. sol hot water, v. sol. 
ateohol Combines with aqilise, {orming 

C,H,OmANH,CA (8* •• P*)l 

pMM by b^ng water. 

Salts.—long red needles 
wHh green lostie; t. sol h^, t. b 1 . sol. cold 
water.—KH 4 A': deeporaxmenet^es.—NaA'Saq: 
i^rlet mosB^e forms.—BaiL^aq: pale, saffron* 
yellow needles, v. si sol. hot water.—GuA', 2aq: 
Saffrott^yellowneedles.—Pbd/,aq: yellow needles. 

AeA^ * nAiMllaa • 

li.thyl ,th»r Oja,a(NO.,)(OMe): [66»]. 
Ethyl 6th*r 0Ara(N0J,(OEt): [SS-]. 
OU«ro-di-nitio-pli«tol O^Cl(NO,),(OH). 
[80^. Formed, together with the preceding, 
with which it ie pwhape identical, b; nitrating 
eh]or(MH}X7-ben2oio acid (Smith a. Peirce, 

A.PK 8. VI, 707). Solidiflee at 25°, whereas 
the preceding solidifies at 69°.—EA IJag: orange 
nee^es, mneo more solnble in water than the E 
sedt of the preeetog.—AgA': bronsed needles. 
OUno^-nitro-phsnel 0,H,0I(NO,),(0H) 

S l:4:6:l]. (1U°] (F. a. a) t [96°] (Zehenter, if. 
,697). S.-062 at 10°. 
iwwioMon.—1. From o-ohJoro-phenol and 
oono. BNO, (Qiiess, A. 109, 286; Armstrong, 
a.J. 26.96; Fanst a. Mfiller, A. 173, 312).— 
9. From 0> or p>nitro-phenoi .bj successivo 
ohlozination and nitration (Faust a. Saame, A. 
SumL 7, 196; Seilart, A. Suppl. 7, 198).— 
8. %a ohiet prodnet of the action of IGl on 
jnerio acid (Petersen, B. 6, 368),—4. By chlori¬ 
nating ^-nitro-phenol [114°] (Armstrong, C. J. 
96,12; Fanet, Z. 1871, 339).—6. By nitrating 
. (2,4,l)-ohlaro-nitro-phenol (Armstrong; F. a. M.). 
A Bt Bitrating (2,6,l)-ehloro-nitro-pbenol (F. 

—7, From di-nitr^midq-phenol (picramio 
aeid), by displacing NH, by Cl through the diaso- 
reaction (F.).—8. By the action of HEO, on di- 
obloro-phenol p-enlphonio acid (Armstrong, 0. J. 
24,1112).—9, From di.ob!aro-p-nitro-phenol and 
HNOa pL).—10. By nitrating o-chloro-phenol 
anlphoiAo acid (Armstrong a. Prerost, B. 7,406). 

iVopwtM,-Fellowish laminEe (from alcohol) 
or irrogolar aix-sidod tables (from CHCl,). SI. 
•oL hot water, m.aai.i]oohol and ether. Tastes 
Utter. 

B.lti.-0,H^(NOJ,(OE)ai,: short •Irader 
TCUowoasdlss.—HsA'lfiq: short yellow needles. 
li*^HHgA'^.-NH,A'sq (P. a. S.). 
•• S.].-B4A', lOsq (P. a. M.).- 
OaA'.Taq: ut goura aeidlss.—l!gA',7aq.— 
MaA^IOm.—G oA'.Saqs giseaith-ysllow hair* 
Kks osedlss.-^AgA^ aq« 

0Uore-dl.«iti»>plita8l O.BA(KO,)2(OH). 
[70^ From di-«hkio^>&i^beiizeiie and 
aqueous NaOH (SoffslWal a. ljatsc()hiofl, Z, 
1870,8841 Eflcnar, G, 4. 888}* loog needles.— 
BaA^ Baq: yellow needwa. 

Di^sg^tro.phM«l QA€MH0^(0H) 
r^4:6:11. [183^ . 

BtrtTMWTi.—1. By Bltiaftiog di-«Eloro-phenol 
(48^ (Hsdw. Stipl 7,186; Chandelon, B. 
16,1768) or its snlphooie add {Armstrong, 0. J. 
84,1118; 86,98).—8. By psfsmg ohlorine into 
an aqoeoaiiolQfem&of e-ni^phenolj)-nUphomo 


acid {Schmitt a. Ohts, B. 8,68).—t* By ahSsft* 
nating ohloTQ-nitrO'phenqUS?^] (Faust a. Saame) 
A. Sup^l. 7,196).~4. prom o-chloro-phenol by 
I successive nl^tion and chlorination (A.).— 

I 5. By chlorinating chloro-nitro-phenol shlphonio 
' acid (A.).—6. From di-ohloro-o-oxy-bonzdo acid 
by dissolving in^OAo and treating with HKO, 
(Smith a. Kner^m. 8,96). 

Pn^wrftas.-^ellow laminte (from alcohol). 
SI. sol water, forming a deep yellow 6oIatio% 
V. sol. alcohol and ether. Volatilq^th steam. 
Explodes when heated suddenly. HNO, forms 
ohloro-di-nitro-plienol [81”]. B^ine and water 
at 100” form ohloro-tri-bromo-qoinone (Ling, 

C. J,61,781). 

Salts. — OAC^(1^0,)(ONH,) : orange 
needles; may be sublimed.—^aA': nodular 
groups of orange-red needles.—KA': needles of 
the colour of CrO,.—EA' sq (Faust, A. 173,317)o 
BaA', 2aq: orange needlls, v. si sol. water.— 
Mg A', 2aq.—PbA'(OH).—ZnA', 2aq. 

Ethyl ethir C,H,Cl,(NO,)(OEt). [29”]r 
Pearly prisms. , 

Ae«tyl derivativt 0,!^Ot,(NO,)(OAo). 
[77*]. From NaA' and AcCl 

Di - chicro - nitre > phenol 0,H,C1,(N Oa}(OB) 
[6:2:4:!]. [126”]. 

Formatum. — 1. By chlorinating y-nitro- 
phenol (Scifart, A. Suppl. 7, 198; EoUrepp, A. 
234, 8).—2. By nitrating di-ohloro-phenol sul- 
pfaonio aoid (Armstrong, 0. JL2i, 1112; Faust, 

Z. 1871, 838). ^ 

Propirties. — Slightiy yellowish prisms or 
tables (from ether), or colourless needles (from 
ohioroform). V. si. sol hot water; not volatile 
with steam. Converted by heat into di-cbloro- 
quinone, NO, and N (Armstrong a. Brown, B. 7, 
926). HNO, (8.G. 1*46) forms ohloro-di-nitro- . 
phenol [111*]. Bromine and water at 100” form 
m-ohloro-di-bromo-quinone (Ling, C./.61,786). 

SaU8.-0,H,Cl,(NO,)(ONHJ aq: shining 
pUow needles, becoming anhydrous and colour¬ 
less over H,80,.—NaA' 6aq: yelAw needles,— 
EA'aq: orange needles.—BaA', 8|aq: red needKis 
(Ling, O.J. 61, 788).~BaA',4aq (B.): brown- 
red lamina or red needles.—BaA', 8aq: yellow 
needles (F. a. M.; A. 173. 811).-CsA',9aq: 
golden needles or lamina, t. sol water.— 
CdA'i 8Jaq. — PbA',4|aq. — CuA', 6aq. — 
MgA,10aq; rosettes of yeUow needlos.—AgA': 
colourless needles. 

Ethyl 6th4r 0,H,Cl,(KO,)(O£t) [85*]. 

Dl-chloro-nltre-phenol C,H,Cl3(N0J(0H). 
Formed in ^all quantity by nitrating di-cbloro- 
pbenol with CISO,H (Armstrong, Z. 1871, 670). 
Short yellow needles (from water). 

Tri-ehloro-nitro*-phenol 

C,HCl,(KO,)(OH) [6:4:^:!]. [69*]. Obtained 
by saponif^g its nitro-benzoyl dcrf9htive^ 
which arc obtahied by nitrating ^enzoyl-tri- 
ohloro-phenol paccomo, B. 18, ^164). Gusten- 
Ing colourless needles. V. sol. aMobol ether, 
and benzene, sL sol. water. Fe/Tl, gives a 
violet-blue colouration. 

Salts.—A'NH,: small yello^ needles.— 
A'E aq.—A'Ag: small ^Uow nee^et.—A'^a aq 
yellow plates. ^ 

0 -NttrO‘benioyl d^rivativi 
CJHCl,(NO^.OCO.CJ*(NO,): fl06” cor.J; aol 
ostless glistening s^es; s^ iWml ana ethei 



derivaiitt^ 
e301,(NOJ.OCO.OA(NOJ: [U6»oor.]; Isrn 
eoloarlau tablet; lol. aleoHol and ether,inaoL 
water. • 

Alkyl ether [M°]. From tri-ohloro- 
phenftol aad'oold HjSO, and HNO, {Peaet, A. 
I49t 153)e * 

tri.ehlora.nitre.phenol g,H01,(NO,)(OH) 
[3e8:5:4:l}. [146®]. From tri>ohioro*pbenol[54®1 
tend HNO» White needles. Beduees to tri. 
ohloro-p-aBido-phenol (Lamport, /. pr. [2] 88, 
888). ^ 

Alkyl etktr 0,fl[01,(N0,)(0Et). [69°]. 
Tri.ohlore.di.nitro.phettel. Mhyl ither 
0,Cl,(N0,),(0£t). [100°]. Prom tri.chloro. 
phenetol and warm HNO, mired with H,80, 
(Pauet, Ahi9, 162). 

OHlOKO-lfmtO-PHEHOI SPIPHOKIC ACID 
OACl{NOJ[OH)(SChH) [2:6:1:4]. Prom di- 
enloro-phenol eulphonio aoid and cold HNO. 

, (Armrtrong, 0. J. 24,1117). Formed also by 
nitrating omhloro-phenol snlphonio aoid (Arm¬ 
strong a. Pnfrost, B. 7, 404). An isomeric 
aoid IS formed by chiorinatiog nitro'phenol 
lolphonio aoid (Armstrong a. Brown, 0. J. 25, 
872). HNO, converts it into ohloro-di-nitro- 
phenol [111®]. Chlorine forms di*ohloro-nitro« 
phenol [121®]. 

S a U 8.—CgH,ClNSOgK,: orange*red six>aided 
plates, V. e. sol. hot water.—0,H,01NS0gK iaq: 
yellow needles. $ 

W-CHLOEO-DI.KITEO-DIPHENYL 
P*Hj(NOj)Cl.C^H,(NOa)Cl. [140®]. Prepared 
by the nitration of di-ohlorowdiphenyl. [4:1] 
CJIjd.CjHgCl [1:4] (Sohmidt a. Schulte, B, 12, 
494). Small needles or long prisma. SL sol. 
sold, T. sot hot, alcohol, and 0,H,. 

CHlOEO.NITBO.DI.PHBKYL.AlCnrB 
O-AOINA U CgH..NH.O,H,01(NOJ. [109®]. 
Slowly formed, to|;ether wi^ benzene-azo- 
aniline (amido • azo - benzene) by mixing 
(l 48 , 4 )-ebloi«-di>nitro*benzene [89®] (Imol.) with 
jailine (8 mols.) (Laubenheimer, B. 9, 771), 
red needles (from aloohdl). Does not oom> 
bme with acids. 

„, 0,H,.N(NO).C,H,01(NOJ. 

[111®]. Yellow, tiz-iided laminaB, m. sol. cold 
•leoboL 

OEI<OEOOI.HXTEO*])I«FE£im..AXIH£. 
o^AEBOXYUO ACID 

O^NOj),CLNH.C,Hg.OO,H [366®]. Formed by 
mixing alcoboUe solutions of di*chlom-di-nitro> 
anthranUio 

aoid 0A(NH.100,m;2] and addingNH, (Jonr- 


acid. 


^,3.18,1464). (^teaing red prisms.' Sol. 
hot alcoht^ and aoetlo insoL watqp. 
OUmHU*altro^>pLsByl-ami&4<o>oarboinrlie 
Slfi.P^OJrNH.OtH,OI.CO^. [283® unoor.]. 
Obtaf&sd hf miidng alooholio solutions of ohiorca 

■AM n Xf ni/un _j -vi_ 


]^:4] and ^loro- 
O.H[l:4:5],and 


di-^tro-baniena 

*mido-baa,olaaeidO._ ___ 

(doardan, i. I's, ijiof.'^a orango 
nssiUts. V. ah atd-oold aloobol and aoetia aoid, 
insol.watst.ianiaaa,andHgwJn. A',Ca:ri.ioI. 
sratw. . 

-Bi-PHEjrn,. 
ftsHiiCyNOJ, Prom tri-ohloro-di- 
phsBTl-bntaM aatTfti^ HNO, (Hspp, J3.7, 


OmoaO.NmO.PHMTlMng. Maiwtira 

®.H,ffi(NO,){N^,[l:4:8:6]. [192°.m pnom 
0,H,C1,(N0,)[1:8:5:2] and riooholio Ntt at 200 ° 
»• Knrbatofl, A. 192, 
288). Bed needles. V. sol. alcohol, sol dilute 
(60 per cent.) acetic aoid or benseno, al lol lijtht 
petrolenm. 

ai-omOBO.NlTEO-PgENYl.iy nTaie w ,, 
Di-OHLOBo-inTiio-aiHii-BBnaaHa. 

FenU-ohloro-dl-nit»-di-phaayl.ethaBe 
O,.H,01,N,O, U OCl,.CH(C.H.ClJiOJ,. [1481 
ftom CCl,.OH(0,H,Ci), and Inming HNO. 
(Zeidler, B. 7,1181). Needles [from alcoholir 
CHIOBO-NITHO-PHENYL HEEOAPIAN 
C,H, 01 NSO,m.O.H, a(NO,)(SH)r 8 ; 6 :l]. [1711 
From ( 8 ,C,H-ohlora’-di-nitifrben 2 me and alodbo- 
lie KSH (Beilstein a. Kurbatofl, A. 197, 82). 
Yellow needles, t. sol. chloroform, r. aliol aloo- 
hol > 

Chloro-nitro-pheayl nunaptan 
OACl(NO,)(SH) [4:2:1]. [218°]. From(l,4,». 
di-ohloro-mtro-benzeno and alooholio KSH (Beil- 
stein fc Knibatofl. A. 197, 79). Yellow tablre 
(from HOAo). SU sol. alcohol. Alcoholic am* 
moninm sulphide converts it into 0,ACUN, 8 , 
[147°], which crystallises in yellow needles, and 
u converted by HNO, into C,H,01N,S [1041 
OHLOEO-Nim-PHEHYI-ra-PHENYLm. 
DIAMINE NHrO,H,.NH.O,H,Cl(NOJ. [1611 
Red needles. 81. sol. cold aloohole Prepared by 
warming an alooholio solution of m-pheuylene- 
diamine and (1,8,4) • ohloro - di - nitro • bemtene. 
Forms with acids unstable yellow salts (Lanben- 
heimer, B. 11,1168). 

{Py. 4:1:2)-(!HI0E0-NITE0.FHENTL.I80. 

mmtm c„h,<eo,n,u 

HJ 01 =^N 

[158°]. Formed by heating nitro-oxy-phenyf. 
iBoquinoline (nitro - iso - bensal • phthalimidins) 
with Pool, (Oabtiel, B. 19,884). Small ysUow 
needles or prisms. 7. sol hot aoetlo aoid, benz¬ 
ene, chloroform, ether, and Oi; si. sol alcohol 
T. si sol. ligrofn. By HI and P it ia reduced to 
amido-phenyl-ieoquinoline. Heated with alco¬ 
holic sodium ethylate it yields theethvl-ether <d 
nitro-ozyjihenyliBoquinoluie- * 

I DI.OELOEO.DI-NmiO-Dl-PHEHYL.Sra- 
PHIDE (0,H,01J{0,j,S. [1601 TeUow needles. 
Almost ittsol alcoH^ si std. aoetio aolA Pre¬ 
pared by the action of alcoholic K,S on (1,4,6). 
di-chloro-nitro-bcnsene (Beilstein a. Kurbatow. 

B. 11, 2068; A. 197, 79). 
CHL 0 B 0 .NITB 0 .PHEBn-p.T 0 LTL-AMINE 

C, H.Me.NaOA01(Ni5,). [1241 SmaU ted 
needles. SI sol cold aicdiol mpued by tb 
action of a cold alooholio iblntioD of latolmdine 
on ( 1 , 8 ,4)-chloco-di-nitco-l)enxene (unbenbei- 
mer, B. 11,1167). 

DI. 0 HL 0 E 0 . 1 )I.BRB 0 .DI.PHEBTL.irBEA 
0,ACO.O. a 0<>(NH.OAOINOJ, pio?] 
From «-chlon>-di-phenyl-gMdina and HNO, 
(Lotanitaeh,Bl(2]l)2,170). Yellow taUaa, in- 
sol water, si tol, aleobol 

OHLOSO-NITBO-PHIHALni AOD) 
WOlNOpM. 

df-ohloro-naphthaloM and HNO, (Atterbarg, B 
10,647).—S^A*: oiystalt! ex[^odes ahon 600° 
Di-eUere-nitre-Fhtkalu aell Frmn fd-toi 
ahloro-naphthaMie and ENC^ l-S) lU 160 

Bt 
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•thar). Formed by nitration of p>ohloro*tolaene 
with laming Hi^O« (Goldsohmidi a. Honig, B. 

Ohloro-dl-BiUro-tolaene OA(CH^01(NO^, 
[1:4:SA]. Formed by nitration of 

p-ohloro«o>n[tro*tolneneO«H,(09,)(NO,)Cl[l:3:4j. 
Long white needles (Hdnig, B. 2420). 

2)i*aliloro>nitro*Coliiana 0 ,a.(0 H,)01|(N0^. 
4-14®]. (274®). 8.G.1H-466. From di-^loro- 
toluene and^oming HNOg (Wroblewsky* A, 108, 
212). Oil. ^ 

(^)>Bi-ohlor#>nitro-tolaene 
C3,(CHJC1,(NO,) [1:2:4:?]. [63®]. Formed by 
the action of cone. HNO, on (a)-diohlorotolaene 
(Seolig, A. 237, 103). Long needles (from methyl 
Mcobol). • • I 

(a).I)i-ohloro-di-sitro-tolue&e I 

C,H(CH,)CMNO,), [1:2:8:?:?]. [122®]. Formed 
by the action of HNO, (2 pts.) and H^SOf 
(1 pt.) on (a)-di-ohloro*tolaen8 (10 pts.) (Seclig, 
if. 237, 163). Needles (from methyl alcohol). 
Yields on ledoation a diamine which is appa¬ 
rently meta. 

(/§)*l>i*€hloro-di-nitro-tolnene 
C,H(CH,)C4.(NO,),[l:2:4:5:6]. [102®]. Formed 
by the action of a mixture of HNO, (2 pts.) and 
^80, (1 pi) on (8)-chloro toluen6 (10 pts.) 
(Beelig, A. 237,163). Needles. 

(a)-Tri-ohloro*nitro-tolnene 
C,H(CH,)Cl,(NO,L [92®]. S. (alcohol) 4*5 at 
20® (Schultz, A. 187,277). Formed by dissolving 
(aj-trichlorotoluene in cono. HNO, (Seelig, A. 
237,139; B. 18,422; Beilstein a. Kuhlberg, A. 
162,240). Colourless plates (from alcohol). 

(8).Tri-ehloro'-nitro-tolaene 
C«H(CH,)Cl,(NO,). [60®]. Formed by dissolving 
(8)-triohlorotoluene in cono. HNO, (Seelig, A. 
237,14^. Long yellow needles. 

(a-) Trl>ehloro-dl*iutro.toluene 
C,(CH,)Cl,(NO,),. [227®]. Formed by warming 
(B)-trichlorotQlu6ne with a mixluro of cone. 
HNO, and HjBO* (Schultz, 1. 187,280; Seelig, 
i^.237,140; Al8,422). Wbitej>latos or needles; 

V. si. sol. alcohol. Keduood by tin and HCl to 
tri-ohloro-tolylona-p-diamlne. 

(8-) Tri-ohloro-di-nitro.toluene 
0,(0^)C1,(N02),. [141®]. Formed by warming 
(8)-triohlorotoluene with a mixture of cono. 
HNO, and H,SO. (Seelig, A. 237, 140; B. 18, 
422). Light yellow needles, sL sol. alcohol. 
Aloohollo NH, at 100® gives tri-chloro-nitro- 
tolnidine [191®]. 

OHIOBO • KITBO . TOLBSNB 8FLPHONIC 
AOIB 0,^OiNSO,is. OA{CH,)OI(NOj(SO,H). 
From liquid (a)*ohloro-nitro-tolu6ne and fuming 
solphurio acid (Wroblewsk^, A. }68, ^04). — 
SaA', 4aq: needles, water. 

(a)m.CELpBO-NITBO.TOLim)lNB , 
0,(0^m^,)01,(NHj]. C191®]f Formed by the 
action <h aloobplio N^ upon trMiloro-di-nitro* 
toluene [22?»] (Seelig, B. 18,428; A. 237,140). 
Orange-yellow needles (fromaloohol). 

(8)>Trl*ohloro-nitro*tolnidine 
C,(Oiy(NCy01,(NH,). fl92®]. Formed by the 
action of aloolftno N^ o^n tri-chloro-di-nitro- 
toluene [141®] B. 18,428). Orange-red 
needles (mm aMlu^. 

Tu. oblobo • x>x. xnEo. K - mn- 

Smw 0,i,01,fNOJr tl2a^. 

(a,B,),0E.001, ud 


laming HNO, (0. FUchw, B. 7, IIM). Blmit 
yellowish prisms. 

BI-w-CKLOBO-NUBO-BYLSKS 
0,H,(N0,)(CH,C1),. [45"]. Prom di.«.<ihloro. 
p-xvlene and fuming HNO, (Orimaux, Z. 1871, 
698). Small pistes. V. sol ether. 

Dhchloro-di-nitro-xylene C,(OH,),C1,(NO,),, 
[226®J. Formed by nitrating di-ehloro-j>-xylene 
(Kluge, B. 18, 2098). Needles. 

CHLOBO-OCtANB v. Oottl oblobidb. 
IH-ohloro-ootane 0,H„C1,<.«. C,H„.CCLOII,. 
(c. 195®). From methyl hexyl ketone ana PC& 
(Bachauer, A. IOC, 271). 

Di.chloro.ootane<J,H„Cl,. (c. 199®). From 
Cl and the octylene from^stoHitl (D.; 
B6hal, Bl. [2] 47, 33). 

Bi-ohloro-ootane OaEigCl,. (o. 285®). Formed 
by the action Cl on a mixture of octylene and 
octane derived from paraffin (Thorpe a. Young, 

A. 166,16). 

GHLOBO-OCTYL ALCOHOL 0,H„CIO. S.G. ' 
* 1*003; *987. From octylene and veijl dilute 

(if p.o.) aqueous HOCl (Da Clermont, Z. 1870, 
411). Oil. 

CHLOBO-OCm-BENZENB 0,H,(0,H„)0U 
(270®-275®). Formed by chlorination of ootyl- 
benzene in presence of a trace of iodine. OiL 
V. sol. alcohol and eUier, insol. water (Ahrens, 

B. 19. 2719). 

CHLOBO-OPIANIO ACID v. Oriunc iom. 
TEI-CHLOEO-OBOIN (?) C,HjCl,0, 
Cg(CH,)Cl,{OH),. [59®]. From orcin and Cl 
(Schunck, A. 64, 271) or HCl and ECIO, (De 
Luynes, A, 130, 84). Slender needles. 

Tri.chloro-orciu C,{CH,)Cl,(OH),. [123®]. 

Frqm the pcntaoiiloride, HI, and phosphorus 
(Stenhouse, Tr. 1848,88; Pr. 20, 72). Needles 
(from water) or plates (from HOAo), m. sol. CS,, 
m. sol. benzene, v. e. sol. alcohol and ether. 
Volatile with steam. HIAq and phosphorus at 
180® convert it into orcin. K,FeCy, oxidises it 
to di-chloro-oxy-toluquinone [167®]. 

Fenta-chloro-orcin Og(CHJCl,(OCl), or 

C. (CH,)Cl(Cl2),02. [120*6®]. According to Sten- 
house, this, and not tri-ohloro-orcin, is formed by 
treating orcin with EGIO, and HCl. * Prisms 
(from CS,). M. sol. CSj and benzene, v. sol. 
ether. Boiling water or alcohol decompose it 
with formation of tri-ohloro^rcin. Liberates 
iodine from Kl, and gives a pp. of AgCl with 
AgNO, (Liebermann a. DitUer, A. 160, ^). 

CompoundC,(CH,JCI,(001),HClO. [140*6®]. 
From oroin, calcium nyp^lorite, and HCiL 
Prisms (from benzene)/ V. sol. ether, si. soL 
CS,. Converted by NH, into C,H,Cl,NO [187®] 
(St^house, B. 6,676). ^ 

GHIOEO-OXALAMYLINX t\ Ciiioao-xso* 

BUTTZi-ISOAHTL-OnTOXALniB. 

GHLOEO-OZALETHTLXES v. Chlobo-hs- 

THYn-BTHtt-OLtOXAlJKl. 

GHLOEO-OXALlftTHYIIHS «. Celobo* 
UBTHrL-aLIOXlLINX. 

OHLOBO-OXALPEOPYLCrB 9, Oscuow> 

irHTL-PROrTL-OLTOXlUKB. 

CHLOE^OZBXHOSB G«(E«0. (210®). 8.G. 
u l<652. Formed from aloohoUo k,8 and per- 
ehlorisated ether: 

O401„O 2K,S - 4K(n S, + GAO 
(Malagati. 1 OK <8] 16,19). OU; ssmQs Ekt 
meadow-sweet. Has a sweet taste. 

Beaciiom*-~h {a lonlight il n-oombmei 
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»i«h eKoriM 0,01,OH-20I,-i0.01„0.-3. OMar- 
iM mUtr tonsf tnehlonoetio noli. 

OBUBO ■ oxiiaso ■ Acmo bihbb •. 

Oauno-BoniBota-umo xtbib. 
fiHLOSMXIlIBOLX «. OnxDoui. 
OUgit-Ml&doU eUorUe «. Di-obwbo-di- 


OHUBO-SI-OXT'AOSIIO ACID OMoro^ly- 
tceyUc aoiii 

DUtkfl dtritativ* of (A< NitriU 
010(OBt),W. (o. 160°). Otitained, impure, 
fi$m OOL(OEt)ON tnd NaO£t (Bauer. A. m, 
176). Pdyxaeriges. 

Diprovyldtrivaiive *of th« NitriU 
aO(OPr)m (Oe-^Ol®). From COl,(OPr)CN 
ftnd NaOPr. PolTmerises. 

TSmi* OHLOEO - T£TEA - OXY - ADIPIC 
XTHX&. Anhydridt iA 

Et0,0.(XJVC0.00.0CL.C0,Et. Oxalyl-duckhro^ 
ateiic sthir. [9B**}. Pormed by the action of 
ohlormenpoiidi'Ozy-qainoDe-di'Oarbozylio ether. 
U^UTl^aish priama. By hot ^wholio NH, 
t is quit up into 1 mol of ozamide and 2 mola. 
>f di'Oj^rO'acetamide (Hantzsoh a. Lcewy, B. 
19, W, ^6; Hantzsoh a. Zeokendorf, B. 20. 
1808). 

DI43ELOBO-D^OXT-DI-A]aDO-BENZSK£ 
9 , l)l*OBLOaO*S]>AllinO-HTl>aOQOlNO}{Z. 

fiZ.OSLOBO-BI-OXT.AKlDO.PYBIDIirS 

<m.Cy)^.prol»U, 

ZH-^kiorQ-yUtianm, p42°3. Formed in small 
quantity, together inth tri-ohloroeozy-amido- 
pTTidine, tri-ohloro*amido-pyridme, and tetra- 
onioro-amido-pyridine, by heating glutazine with 
FC1((6 or T pte.). Short flat colourless needles. 
81 S(^ hot water and alcohol Dissolves readily 
in aqueous adds and alkalis. Combines with 
twomiDe (Stdkeo n. Peehmann. B. 19. 2710$ 
dm. 8,891). 

Di^dmiocMm N<g|gl5j;^>OJNH.i 

Ixmg oolootleo needles, lieadil^ sub. 
Tol^le with steam. T. sol. alcohol and 
ether, ini^l, water, Botmed t^ether with the 
moiio.etbjl deziratiTS h; heating tetra-ehloro- 
amidO'ivridine with an excess ol sodium ethyl¬ 
ate at >90^ to • et 4 honra. 

iioimtiot ' 

BaUimabto. Mot aolatile with steam. V. sol 
eleolKd and ether, eL sol. hot water. DissoWea 
n elhelte, M not in dilute acids. It is also 
ionasdWbsating tti.ehlora.oxy-amido.F;tidine 
ailhaodiametbylati.—AMa: glistening rhom- 
tda tato (Stow a. Poohmann, B. 19, 3710; 
AokSilM). 

ni • cfiuso - on • AMiiM) ■ pixantx 
OAOyi/) PMWdj 

[Ml*]. Focmed, togothor wiOi an equal quan¬ 
tity ^ totra'^oro-amido-pyridlne and small 
qsantUiaf o( di4hlora-di.o»-amida-pyridin4 
and tii.sliloio-ainide-pytidlna, by faq.ting glnta- 
abia wiOi POL .(< to 7 pts.). flat colonrlssa 
neadlsa. SoUmuMo, T, hot water, nsaila 
insoL ooU, IB, ooL hot tloohoL sL soL oold, at 
toL olhat aai hauana, insoL ligroin. Mono- 
hadeaoid,4asoBnoMiaoInliIooarhonatst. Ola- 
ioItss lit oosM, WH or oona. H,80, hM b to. 


pnoipitated OB dilation.— AStasaq: nesdlst,a, 
soL oold water. 

Bthyl dmoaUt, 

Oolonrle 8 sneedlas.yery volatile with stsam. 
Peculiar odour. ^ T. tol .alcohol, ether, etc. 
Formed by ethylation of the above, or by heat¬ 
ing tetra-chloro-amido-pyridine with sodium 
ethylate (Stokes a. Peehmann, B. 19,2710; Am. 
8,892). # 

7>CHLOBO-apOX7-AKGSLlC ACID 0,H,010, 
♦.«.CH,.C01:OH.CH(OH).CO^. From 

tri-chloro-ozy-valeno acid, sine, and HCl (Pin¬ 
ner a. Bisobofl, A. 179.100; Pinner a. Klein, B. 
11. 1496). y. sol water, alcohol, and etlier, 
si sol OS,. Combines with Be PCI, gives 
CH,.CClCH.OHCl.COCl — ZnAV — OuAV — 
AgA': needles, m. sol odd water. 

Ethyl eth»r^ik\ (230^). 

Isohutyl $th»r OH,Pr.A'. (o. 288^. 

CHLOBO-DI-OXT-AKTHEAQUIKOXS « 
C„H,C10,. Ohhro-alizdnn. C246®-248®3. Pre- 
pared by the action of Cl on a cold solution of 
alizarin in OS, (Diehl, B. 11.187). Sublimes in 
red needles. Sd. boiling, si. sol. cold, water. 

Di-ohloro-dl-ozy-anthiaquinone G,,0,010,. 
Di-chloro-^lUann. [208®-210°]. Prepared by 
! the action of SbOl, on alizarin (Diehl, B. 11.1881 
Sublimes in beautiful orange-red spikes. Com¬ 
bines with mordants readily, t^ colours resem¬ 
bling those produced by nitro-dizarin. 

Tetra-ohloro-di-ozy-aathraquinoue 
C„H.(0H),C1,0,. Tdra-chloro-alizarin. [«, 
2G0'’j. Prepared by the action of SbOl, on 
alizarin (Diehl, B. 11, 189). Further action of 
SbCl, forms 0,Ci„ C,C1,. CC1„ and CO,. Beddi^- 
, brown crystalline powder. Does not combiiva 
with mordants. 

GHLOBO-OXT-BKHZAHIDE v* Auxoi ov 
CnxsOBo-oZT-BXNzoio zcm. ^ 

DI-OHLOBO-TETBA-OXY-BEHZSKE 
C,C1,(0H),. Hydrochloranilic add. From di- 
chloro-di-ozy-quioone by reduction with aqueous 
SO, at 100'^, or with tin and HCl (Koch. Z. 1868, 
203; Oraebe, A. 146, 82). Needles. Y. sol 
water, alcohol and ether. Oxidised by moist air 
into ^-chloro-^-ozy-quinone (chloranilic acid). 

T$tra^a9$tyl derivativi OfiUOAo)^ 
[236°]. 

CHL0Xao4IXT-fiE5Z0IC ACID 03,010. 
is. C3,G1(0H).C03 [6:2:1]. Ohlor<hiaUcylic 
add. Mol ir.l76i. (172-6°) (H.a,B.)$ Cl&°] 
(V.). 8 . *09 at 20°; 1-26 at 100°. 

Form<Uum.—l, By passing the calculated 
quantity of chlorinc^to salicylic acid dissolved 
in a large qmmtity d 08, (HQbner a. Brenken, 
B. 6,174; ef. Oahours, A. Ch. [ 8 ) 18.10^ or in 
<aOAe (Smith, B. 11,1226 ; Ma^haU. i.4fA. S. 
17,476).—2. Frofli ( 6 , 2 ,l)-^oro-aznAo-benzoio 
acid by displaclinent of NH|by QH throughtba 
diaao- reaction (Hflbner a. Weiss, S. 6,176).— 
8 . From (2,5,l)*oxy'amido-hensoio acid by dis¬ 
placement M N^ly 01 (Schmitt, Z. 1864,821; 
Milstein, B. 8 ,8l6)v-*>4. From j>-cMo^’Ph^^ 
CCl,. and alMholio KOfl (BCasse, 16 ,2196).— 
6 . From 03,01(0Ma) [1:4] a«d GO, at 160« 
(VanihoH, Xpr. ft 

iWs 9 ^.-.Haed!ef (Zroa water). Y. aol 
aloohdC and benuBa, ye,Cl ooloars ill 
aqueous solution tad. 




OHK)R(W>St*BOTTmid AOID. 
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San*—PbA'j.—CnA*j. AgA • 

M-etbultther MeA'. [48»3. (219“). KeodlM. 

‘“®Zii.OA01(OH)(OOHH!u223»l. 

Ohlorojxy.lwntole »0l4 OA01 (OH).TOjH 
•S-i'll [178°]. 8. -08 at 8-6°. From [2:1] 
C.h' 01(0N# and CO, at 160“ (Vamholt, J.pr. 
rai 88.22)- Ijong needlea, Tolftile with steam, 
Jnayba snbUiOid. V. aol. alcohol and ohhm- 
lorm. F«,01, gWsa a violat oolonr.—NaA.— 

®‘^iatAyl«<fc«rM6A'. [88“]. (260“). Keedlea 
OhloroJxySionioio acid 0,H,01{0H).00^ 
r4"2’n. [207°]. From 0,H,Cl(0Na) [1:8] by 
treatment with CO, and heating the prodaot. 
O.H,Cl(O.CO,Ka) at 160“ (Varnholt, ^ [2] 

,84,28). Also from O,H,(CO,H)(NOJ01 [1:2:4] by 
reduction, diaaotiaation, and boiling with water. 
Small needlea.byolatile with steam, may be sub¬ 
limed. V. sol. alcohol and chloroform, si. sol. 
water. Fa,Cl, gives a violet colour. 

Chlcro-s-cxy-beniclo acid C,H,C1(0H)00,H 
[8:4:1]. [188“] (P.): [170“] (h.). 8. -37 at c. 16“. 

FormatiM,—!. From silver p-oxy-bensoate 
and Cl (Peltzer, A. 146, 284; [2] «. 2“)-- 

a From p-oxy-benzoio aoid and SbClj (Ldssner, 

J vr, f2l 13t 412).—8. From o*ohlorophenol, 
KOH.OCIi and alcohol at 130® (HasBe, B. 10, 
21021. 

PraMTiiM.—Silky needles; v. lol. hot water, 
T. •. sol. alcohol and ether. May he sublimed. 
Fe.Cl, gives a reddish-brown pp. in neutral 
solutions. 

MsfAyi deri^ativi 0,H,Cl(OMe).CO^. 
OhlonHinine acid. [218“]. White glistening 
scales. Formed b/ oxidation of the methyl- 
ether of .ohloro-p-cresol.—A'Ag: sparingly 
soluble pointed plates.—A',Ba S^aq: thin rect¬ 
angular tables, soluble in hot water (Sohall a. 
Dtalle, B. 17,2629). . 

Ohlore-p-oxy-bensole acid. KefnyJ dtru 
vative O.H,Cl(OMe)CO,H. Ohloro-anitus acid. 
[176“] (0.): [180»] (L.). ^m anisic acid and 
& (Laurent, B. f. 23, 421 ; Cahoura, A. 66. 
812). Prisms or needles. May be sublimed. 
Insol. water, v. sol. alcohol and ether. Probably 
identical with the preceding. 

Di-ehloro-o-oxy-bauBoie acid . 
03,01.(OH)(COA. Bt-cWoro-soKcylfa om. 
[214“]. Prepared by leading 01 into M aoetio 
acid eolation of salicyliivaoid (Smi^, B. 11, 
1226; A. Ph. S. 17. 488; c/. CWioars, A. Oh. 
[8] ^ 100). Fomei ^ gating 


(Procter, J. Ph. [ 8 ] 8,275; Cahours, A. Oh. [?] 

mliv^^trivativt 0,H,Cl,fOEt)00,H. 
Haedles (Oahouri, A. Oh. [ 8 ] 27,461). 

Dl-chloro-p-oxy-bcBMlo acid 
OAO>.(OH).CO,H [168“ uncor.]. Fomed b, 
oxidation of di-ohloro-^*ore8ol with OrO, m 
acetic acid (Claus a. Eiemann, B. 16, 1800). 
Sublimable. Long white needles. Sol. alcohol, 
other, and hot water, nearly insol. oold water.— 
A'Na«: small needles, sol. water and alcohol. 

Di*ehloio-p*ox 7 “b 0 aiole acid. Methyl derif 
vativi 0 ,H, 01 ,(OMe). 00 ,H. Di-cMoro-onisi« 
aoid [196“]. Formed, together with tetra-ohloro- 
ouinone, by treating anisiq^iiwith HCl and 
KCIO, (Reineoke, Bl. [2] 7,177). Large needles 
/from alcohol) 4 inaol. waters 
' CHLOBO-o-OXY-BBNZOIO AIDEHTBB 
0,H,C10, U. C.H,CUOHl.CHO. From salioyUo 
aldehyde and 01 (Pirla, A. 30,169; L 8 wig, B. /. 
20 311). Tables (from alcohol). Insol. water. 
Combines with NaHSO,(Bortagnini,i.M, 196). 
Ba(O.C.H,011CHO),: powder. _ .>4 


forms yellow ne 6 (iles of (0,H,C1(0H).CH),N, 
(Piria. A. Oh. [2] 69. 809). 

Ohloro-p-oxy.benioie aldehyde 
O.H,Cl(OH).CHO. [149“]. Fromp-oxy-brazoio 
aldehyde and diy chlorine (Herzfold, B. 10, 
2196). Silky needles; v. sol. water, alcohol, 
and ether. Absorbs NH. (2 mols.). Fe,01, gives 
a violet colour. 

CHLOSO-OXY-BEHZYL ALCOHOL 
0,H,C10, U O.H,Cl(OH).OHjOH, OAIoro. 
mluienin. From ohloro-saUoin by hydrolysis by 
eraulsin (Piria, A. 66 , 60). 

(from water). Turned blue by Fe,01,. 

«-CHL0E0.6-0XY.BOTYEI0 AClD 
0H..0H(0H).CH01.C0,H. [«3°]- 
addition of hypoohlorous (OlOH) to («)• 
crotonio acid (Melikoll, B. 16, ^270; By2] 41, 
811; 47,167; PavoloH.BI. [2] 48,116). Needles. 
V. sol. water. 

Bcaefio»s.-l. By the Mtion of •3oo‘>o“» 
KOH it gives propylene^aida-oarboiyUo (( 8 )- 

methyl-glycidio) aoid 

' whence HCl forma the following acid.—2. Heat 



__ X«Ba3a(i. Long 

aolabU needles.—A'Na: lai^ 
solabU needier—apwU ioluM® or|»tol». 
A'gPb. IniplQble PP. ^ _ ,, 

mthylmthif. rM”]) naadlsA 

[104“], nteihfl-SBBoylia aoid and a 


whence tiui lorma.uo ---- ---- 

ing with H,SO. gives nihloro-crotomo Mid 
whence sine cndHjSO.proJicc crotonio amd.- 
8 . Heating with HCi gives 0HrCH01.pH01.CO,g 
[69“) (?) whence alcoholic KOH gives rise to 
bH..OH:OOLOOjH[98“]. 

Salts.—A',Zn: extremely soluble tables. 

A',Oa: easily solu^ “”2P'*n'‘n%TnS; CO.H. 
Ohloro-oxy-butyrlo sdtn 0,H,01(OH).0O,H. 

^^?oma«on.-l. By the addition of hyp^ 
chlorous aoid (aOH) to iso-orotomo Boid.-a. 
By tte additiin jf HOI to propylene oxide 

**'^ftOTcrfiM.—Long prisms. Y. eol. 
alool^nd ether. By the action of alooholie 
KOH it gives bntyro-glyeidio aci d. , 

0,1*111-A 4m * eari^ ■wwl® micro* 

m\6 orfstala.—titoetrijmstol^ 

sL sol. water (llalik^, B. 19,1298). 

Foraedetthedsme 
with hooiotonio acid (IWik^ 11^ bilb 



tot 


OBI>OB(M)XT-BOTyBIO AOTD. 


Uqnll. OoBTeiM li; doohoUa KOB into 
ptoprlene oxide oatbox;lio ((‘)r)-meth7l-gl;oidio) 


C^^C! 


. . CH.OHrCO^ 
OUoio«X 7 -liobatyile aold 
CH^OUe(OH).CO,H. Ohlom-aatmie, acid. 
[lOt’T. (o.2S3»). 

Formation.—U From ehloro-uetone by 
tnotment vitb HON and eaponifioation of the 
nnilting nibile (Bieohoff, B. 6,885).—2. From 
jnethMiylio acid and HOOl (MelikoS, Bl. [2] 
4L Ill; 43, 116),—8. From propylene oxide 
wboxylio acid ((a)-me^yl-glyoidio acid) 
Ok,.,. 

^—V and oono. HCl (M.). 

CHrC(CO^.CH, 

FrcperHea.—I^ng prieme (from ether) ; t. 
loL water. Converted aleoboUc KOB into 
niDpylene.oxide oarboxyUo acid. 

Balta.-OaA', 2aq.-ZnAV 

IfitriU CH,Cl.CMe(OH),CN. From chloro- 
aoetona, by boiling with alcohrl and cone, 
agneona BCN (Bd. Oil. Split np by distilia- 
tiw into HCy and 0,B,C1,0. 

Cbloro,oxy-bntyrie acid. NitriU 
0,H,CBN0r From epichlorhydrin and anhy- 
droni HC^ at 140° (Hfirmann, B. 12, 23). 
Idqnid, x. aol. water. Dilate HCl forms a liquid 
ehlorooxy-bntyrio acid. 

Si.4liloRM>xy-itobntyrlc acid 
OHCl,CMo(OH).CO.,H. [83°). From its nitrile 
and HClAq at 100° (BischoS, B. 6, 1334). 
Prisma.— ikk'. 

Ftkfl othor EU'. (c. 212°). 

WitriU OHC4.CMe(OB).CN. From di- 
ahloroMteetone and cone, aqueous HCy (fi.). 
Idqnid. Split np by distillation or by alkalis 
into HCy and di.obloro-acetone. Aqueous ECy 
forma orystalline (C,H,C 1 , 0 ) 2 HCN fOlutz a. 
Fieoher, d.pr. [2] 4, 62). 

lU.4hloiMzy-laobtttyrie acid 

(aH/a)sC(OH).co,a. [ 92 °]. 

Obtained by boiling ita nitrile for 12 hours with 
cone. HCbbi (Qrimaux a. Adam, Bl. [2] 36, 2U). 
Oeliqueqpent tables, v. sot alcohol and other. 
KCN oottverts it into a nitrile of citric acid 
(CH^N),0(0H).C0,H. 

itkfl othor EtA'. fe. 228°). From a- 
diohloabydiin, ohlorofomuo ether, and sodium 
amalgam (Edl^, B. 11, 2222). Cone. KOB 
pndnoea myoenn. 

mtrito (OH,Cl),C(OH).CN. From s-di- 
sUomaoetmio .(50 g.) by digesting with HCy 
(20 g4, a littls water, and alcohol 8 c.o. 

M.«h]an.ozy-ll^otyrie acid 
OC 9 rO^OB).C 03 & From tri-chloro-acetone 
to aneeaaaiTO treatment with ECy and HCl 
(BisehoS, B. 8,1389). Syrup. 

TEI4EL0B0-DI.OZY-D14;Tirn.-ETHAN£ 
Otfijaifi, As. CCL.CB(e.A^H)r [194°]. 
From thymol (2 mm.), ehiocal (1 nfel.) and 
eons. diluted with HOAc (Jaeger, B. 7, 
1197 ; O. /. 81,26^. UonocUnic needles (con¬ 
tain^ BOBt). InsoL water. Alcohol and 
aino-doat form OH,OE1(OmH„OH), uid 
OEr-C(0,^„OH)- 

Omuno.OXY ■ BTHn.. AMIOO ■ PEEHTL, 
nHAncGl,.CB(pH).0,HjPDE!t. [OS*]. From 
ehbral hydrate anaettol^aum (Boessnaek, B. 
tl.789). 


Jfitrotamino O„H,,01,N(NO) [188°]. ^ 
Il’y. 8:l:3).CBXOBO.OXY.EIHII..<tVlHOX. 
,C(OH):CEt 

INE C,H.< I . [948°]. P6rme4 by 

\n—=001 , • 

the action of Prdt upon aniline ethyl-malonate 
nnder benzene. Ooiourlesa needles. U. sot 
alcohol (Eiliadt, B. 20,1235). 

TKI-CHLOBO.OXY-KTHYI-STrCCIHIO ACID 
Baclone. C01,.0H.0H(C0,H).CI]^C0.0. 2V». 

chlcyro-methyl.foraconie acid. [97°]. From 
chloral, sodium snooinate and %o,0 (Fittig, B. 
20, 3179). Converted by baryta into barium 
isocitrate. 

DI-CHIOBO DI-OXY-HEXANE . 0,H„01,0, 
Ac. OH,01.CH(OH).CH,.OK,.OHiOH).OHjCI. (?) 
S.0.11'4. From diallyl and aqueous HOCl in 
the cold (Henry, B. 7,41S; Z. [2] 6 ,479). OU. 
I’otash converts it into diallyl dioxide whence 
baryta-water produces the anhydride of tetrai 
oxy-heiane CJH|,0, (Przibytek,^!. [2] 46,248). 
Dl-chloro-tetra-oxy-hexane «. Masnits. 
DI-CHIOEO-DI-OXY-HBXINOIO AOH) 
C,H„C1.0. M. 

CHCl.CjOH):C01.C(OH):OH.CO;a (?). Di- 
chlorodi.oxy.ammyl carboxylic acid. [177°]. 
From the following by sodium amalgam 
(Hantzsoh, B. 20, 2789). Lustrous prisma. 
Cone, aqueous NaOH forms 0,H,0i0.Naj 6 aq 
which orystallisea in canary ;)tillow needles and 
is converted by HCl into C^HjClOa [97°], which 
forms a salt NaA' 3aq.—NH,A'. [186°]. 

Aeotyl derivativo [134°]. 
W-chloro-di-oxy-hexinoio acid C,H,C1,0, 
i.e. CH,C1.C(OH):CC1.C(OH);CC1.CO.,H (?) 
[177°]. Formed, together with tri-chloro-phe- 
nol, by passing chlorine into an alkaline solu¬ 
tion of phenol (Hantzsoh, B. 20, 2789). The 
yield is 60 p.o. Needles (fyom water); or mono- 
olinio crystals (containing 4aq). Decomposed 
by cone, aqueous EOH.—NH,A' 2hq: trimetrio 
prisms, sh sol. water. ‘ 

Methyl ethir MeA'. [126°]. 

Di-acetyl derivative C,H,ACjCi,Or 
[188°-192°]. 

CHIOBO-DI-OXY-INDONAPHTHENE 

C.H/?®®')>OOorC.H.<^®^C(OH). Phe- 
'CCI ' 

nylmc-chloro-axy-acctyUne-hetone. [114°]. 
Formed by the action of acids or alkalis upon 
.C(OH)v 

the amides ^C:NRor 

C.H,<[^I^CJfHB, whwh are obtained^y the 
j*acUoQ ot amines^upon di-chlozo-ox^indonaph* 
theae ( 3 . ti.),C^,<^Q^CCl. B iwreconverted 

into these amides>y the action of amines (Zinofcs, 
B.20,1271). White glistening plates (from dilute 
alcohol), or small compact crysms (from petro¬ 
leum-spirit). Dissolves in aqueous alkalis with 
a red colour. By FC1» it is o(Averted into the 
XOv 

eompound C,H,^ | ^ 0 . 



CmOtKl^DI«XT-liBmTl> 4 ro^ 


105 


(ik. 8:l:l)JH-eU<io-»xy-lii<«uphtlMM 


0.H, 


00. [181*]. F(»iiudb 70 ie utlon 


of Pa. 


npoi^ o]iloro4i.oxj-indonaplit}ioo« 
Qlirteningtibtu (from di¬ 
lute aloohol) (Zlnoke, B. 30,1373^. 

^ (in. 8:3;i)-Di-oUoro-ox3r-indosaphthent 

O.H.<ga>«OL Phenyt4ms-di-ehloro-acBtylene> 

k«t9M. [90^* Formed by ozidatioo of tho oar* 
• X(OH).CO^ 

boxylio ocid 0^4^ \ (from di-chloro« 
'CCliCCl 

(^)*napbtboaoiooDe) with CrO,. Small yellow or 
long gUstening^golden needles. Very volatile 
with steam. It has some of the oharaoteristios 
of a qoinone. With •romatio bases it forms 
colour^ compounds. Beacts with hydroxyl- 
^ine and with phenylhydrazine. With halogens 
U yiolds colourless addition-prodacts. It is not 
affected by SnC^ or by PCt,. 

Methyl-amide O.H,<p®j>C.NHMe or 
yC(OH). 

0,H,< I yiiNMe : [195“]; long dark-red 

\cci / 

needles, sol. hot alcohol and acetic acid, si. soL 
benzene. 

Di-mBihyUa^idt 04 H 4 : 0 |ClO.KMe 3 : 
[140®]; long red needles or thick tables.— 
: yellow crystalline pp. 

Anitide C4H4:Cj010.NHPh: [204®]; slender 
deep-red needles; dissolved in warm dilute ai> 
kalis without decomposition. 

Oxim C.H,<^}.^®^)^CC1: [120“]; long 

yellow needles; v. sol. warm alcohol and acotio 
acid (Zincke, B. 20,1265). 

Di-chloride 0,&,<gQ] >CC1.. [108“]. 

Gq^werted by aqueous NaOH into tri'Chloro* 
vinyl-benzoic acid [168®] (Zincke a Frohlich, B. 
20, 2053). 

Di-hromide C,H.<^2j3j>CClBr. [1U“], 
and, when rapidly heated, [o. 128°]. Converted 
by aqueous NaOH into di-chloro-bromo-vinyl- 
benzoio acid CClBr:CC1.0,H,.CO.H [174“]. 
Chloro-oxy.indonaphtbalene diebloride 

C,H,<^q 1^CC1, [59°]. From the dihydtido 

of tri-ohloro-di-oxy-indonaphtben(^ oarboxylio 
acid and dilate Or0.^q (Zincko, B. 30, 2890). 
Thick needles (from aloohol). Converted by al¬ 
kalis into di-chloro-vinyl-bentoio aoid. • 
DI-CHLOBO-U-OXt-INDONAPHTHSHE 
• qOH)CO.H 

OAEBOXTiaO km O.H<^.COI, [189°]. 


Formed by dissolving the hydrate of tetra-ohloro. 
0)-napbthaqainone in dilate Na.CO,Aq and ppg. 
with an aoid [Zineke, B. 21,497). Thi^ needles 
[oontaining tq^ [from water). T. sol. aloohol, 

benzene, and BO^o. OtO, gives Ojai.^g^OOl, 


lethyl other MsA’ [134°] large aUiqns 
(rystalA 


Ae«lyl derivative [188°], 

Prisma. 

Tri-oMsto-sxy-indonapbtbsns earboxylit 

asld. DihydTideO,M,Ol,0,ia. 
y o[OH).(X)ja 

Fromthsdihydrldeofdi. 

• CO.CO 

ohlora.(8)-napht]ioqalnane O.H,^ I and 

CHOl.CCly 

dilute NsOH (Zincke a. Frdhlioh, B. 20a 2894). 
Liquid. 

Methyl 4th$r Mek\ [160®]. 

Acety I derivative 0 / the methyl ethUr 
0,AM®AoC1,0,- [116°)- 

SI.CHLOBO.OXT’-HEIHAXE^lTlfHIXlC 
ACID CCl.[OH)SO.H. OnstaUe deliqnesosnt 
needles. 

Salt—A'Ki Trimetrio plates. Prom KCy 
and aqueons or alcoholic trichloro-methane snl- 
phoohloride (q.v.): CCl,.80,Ol+KOy-eH,O 
= OyOUHCl-fC(i[OH).80,K. BoU^ with 
potash it fornas EiS and E,30, (Loew, Z. 1868, 
618; MoCowan, J. pr. [2] 80,288). 

DI-CHIOXO-OXt-HEIEAHB SDIFHOXIC 
ACID. 

OAlor.dfc—“CCljlOB^SOjCl. FromPCl.and 
CC1,(0H)80,K [McGowan, /.or. [2] 80, 289). 

Aniiid».-CCI,(OH)SO,NPhH. Bhombo- 
hedra. From aniline and the above shloride. 

TBI ■»- CHLOBO ■ a ■ OXT-UBTHTI-AKIOO. 
PHENYL - ETHANE CCl,.CH(0H)0;a.NHMe. 
[112°]. From chloral hydrate and methyl-ani-' 
line [Boessneck. B. 21. 78^. 

Nitroeamine CCVCQ(OH).OaH4NMeNO. 
[118°]. Needles. 

<Iri.a-ohloro-a-oxy-di-methyl-amlds-beni*ne 
CCl,.CH(OH).0,H,NMer Formed by oondenea- 
tion of amoral hydrate with di-methyl-amline in 
presence of ZnOl, [EnSfler a. Boessneok, B, 20, 
8193) 

A. S;1).0HL0B0-0XY.(£. 4)-llEIEYL. 

[Jf>y. 2)-EIHYL.QTIIN0LINB 
-0(0H)-CEt 
0 ^^e< I 

\n==cci , 

a-OhU)ro-0-ethyl-y-oxy-o-toluquim)litie. 

[225°]. Formed by the aotion of PCI, upon r- 
tolnidine ethyl-malonate under benzene. Silky 
needles [from aloohol) (Eiliani, B. 20,1233), 

OHLOBO-DI-OXY-UETHYIrPIlBIN. 

Methyl ethyl derivative 
0,N,(0H,)(0Me)(0Et)Cl (?) Ethoxy-Moro-oxy- 
di-methyl-purin. [160p, Granular oryetals. 
Formed by the action of a solution of NaOH in 
60 p.o. adeohol on di-ohl«ro-methoxy-metbyl- 
purin. By HCl at 180° it is converted into tri- 
oxy-di-methyl-purin [di-methyl-nrio aoi^. By 
HI it is reduced to di-ozy-4i-meth7l-pariu 
(Fisoher,B.17,S86). 

Di-ethyl derivative 0,[0H,)[0Et),0IN,, 
Formed ify heating tci-ohioro-mstb;^-pntin witb 
alooholio NaOH (Fiseher. B- 17. 883). Fine 
felted needles, Heatsd with HOI at 180° it 
gives msthyl-urio sold [tri-oxy-methyl-pnrin). 

I)i-ehIons.oxy-msthyl-piitm 0,H,0 n,C1, sa. 

N—oa 

0,(OHJ[OH)01,N,jpibab]y ai i-NH v 



1 O 0 


cmimu^of-oxT-iarcRTL-mni. 


pit”]. OUaintd by h««tla)| nuthyl-oiib add 


or C.N,(CEJ(OMe)Cl, 


with Ml, and MCI, at ISO” (FiMhet, fl. 17,830, 
1788). Fine white needlea. Very stable body, 
Tolatilieingwithont decomposition and not being 
attaehect by HNO, or by KCIO, and HCl. By 
El it ia tednoed to oxy-metbyl-parin, 

l)l<W»»v^-dl.methyl.puriB 0,^001,N, 

a* adi (Uhmi 

I i 

, H-C-NMi 
[168^. IH^hlaro-rMtltox^.mthyl-purin, Formed 
by heating the lead oomppand of di-ohloro-oxy- 
methyl'piisijii methyf iodide (Fischer, B. 
17* 8Mi 1787). fine coldurless nee^ei. Insol. 
•IkaiifaByHI U ii redaced to methoxy-methyl* 
pnritu 

(Fy. 4, m. CHLOEO-OXY. (Q. 2). KETHYL- 
QVIHOLnrS 0^,0H,K0€1 U 
0M6:CH.0.GE:GH 

J_ 8 1 . Ohhro-fMthyl‘pS6udocar- 

CH:GH.G:NaOO « 

boityril. [121*^. Formed by treating a Boio- 
tion of (B. 2) metbylqmnoHne in borio acid with 
bleaching powder solution (Emhom a. Lauch, 
A. 848, 888). White needles (from aoetio ether). 

Baocftoni.—1. Boiled with NaOHAq (B. 2)* 
inetbyl*oarbostyrU [228^ is obtained.—2. Yiel^ 
aa ieomende [^1°] on boiling with aleohol. 
(Py*^*4^bloro^zy-methyl-qninoliae 

( [117’6*3. From iy)-ohloTo-oar- 
>NMe.OO 

boetyril, Mel, and aleohoUe NaOH (Friedlander j 
a. IffUler, B. 20,2002). Hair-like needles (from : 
HeOH). I 

(^.)«€Uore*di*ei 7 w(B. 2)-iaethyl-qniiioUne 
Di.gihyl d$rivniiv$ O^,(CH,)N0,Cl{OEt),. 
[7l®3. Formed by heating {Py. l:2:3)-tri-chloro 
^8)-methyl-qiunolinewith asolution of sodium 
Ifti^tMlute aleohol at 100^-130°. Itong colourless 
needles (Bugheimer a. Hoffmann, B. 18,2982). 

{Py* 8:8:1)-CUoro-diwOzy-fB* 4)-aiethyl. 
qaia«liAe0.,H.>^01,0i4. 

. X(OH)K301 

yC(OH):CCl ^ 

0,B,(OHJ^ ^ ^. Ohlon-oxy-tolucarbo- 

ityrU, [377*]. Formed by heating {Py. 2:3:1)- 
di-eliloro.oi 7 -(£. 4)-m^yl-qmnoline with 
dilate HOI at 180°. ^guge plates or tables. V. 
soL acetic acid, si. sol. aleohol, insol. water. 
DisaolTes in ad^ and alkalis (Biigheunsr a. 
Hothnann, B. 18,31)88). 

l)4)Uore.(B. S).oxyonethyl.qiiiBoUn«. 
Utthfl itriyaiiv* C(0>Ie):CH.C.CCl.CB^ 

<!H=CH.i.N.i)M» 
nOO*}. (m 338°). From the eofresponding 
<^,Ue(OB)lOHa)N by FOOl, (Connd a. lam- 
ptah, B, 31,1843). Silky joiinia. 

{Py.lM)-t>l- eUorO'OXy • [B. 3) -methyl- 
galaeUae OAMOlb 4 a . 

f/j&iOdl yCCl:Ca 

' 1 orCA(CHJ< I . 

^N-0(OH) , NNH.CO 

B<-eU)ra-(oIi<<arboc(pri{.'t>M°1. Obtained by 
lMaUa|(iyi!ft3)-ki-«hloto-(B.3)-m«th()-qaioo- 


j linewithdilttteEdatldO*. Small eryatalt* 8^ 


- Qjuoni - oxy 

^Cl;Oa 

quinoline I 

'N : <3(0 


bensene and acetic acid, d. sol. aleohol and ether, 
insol. water. Has both weak basio and weak add 
properties (Biigheuner a. HoSmaw, B. 18L 
9981). 

{Py. l:S:S).Di ■ ehlero - ox/- (B. 4) Methyl • 
— CCl 

;OH) 

Mucarbostyril. [288°]. Formed by heatifig 
{Py. l:2:3)-tri.ohloro-(B. 4)-mfihyl-qainoIine 
with dilute H« et 180°. Small white needlea 
(from acetio add). Sublimet in needles. St. 
sol. alcohd, insol. water (Biigheimer a. Hofl. 
mann, B. 18, 2985). 

(Py. 2:3:1) ■ D1 ■ ohloro. oxy - (B- 4) - methyl- 
yO{OS):Ca 

quinoline 0,H,(CH,)< I . [245°]. 

\«^=d301 

Formed by the action of FCl, upon the add 
malonate of o-toluidine in presence of cold 
benzene. Needlea. SI. sol. dcohol and acetio 
sold, nearly insol. water. Becomposes alka¬ 
line carbonates (Bugheimer a. Hoffmann, B. 18, 
2983). 

(Pp.9;4:3) ■ OHLOBO-OXT-HETHTL ISO. 

.CH:CC1 

ttOINOUNE OiAClNO «A 0,H.< | . 

\30.NMe 

[112°]. Formed by methdation of {Py. 2:4)- 
chloro-oxy-isoquinoline [220°]. Long needles. 
V. sol. ether, benzene, chloroform, and hot aloo- 
hol (Gabriel, B. 19, 2361). 

{Py. 4:2:l)-CbIoro.oiy-methyl-isoqninoline 

Keedle8(from acetic acid). Sol. aqueous alkalis. 
Formed as a by-product of the reaction of 
FOCl|Upon the imide offobenyl-methyl-aoetio-o* 

C ;Me-CO 

(Gabriel, B. 

20, 2504). 

CHLOEO-OX7-(a)-KAPHTEOQ17IVOKE 
C^HjClO, 0,«HgGl(0H)03. Ohloro^ph* 
thalic acid, [above 200°}. Formed by boiling 
chloro-naphthalene tetrachloride with HKO, 
(Laurent, A. 85, 2931. Formed also by boiling 
ai-ch!oro-naphtboquinone with alcoholic KOH 
(Graebe, A. 142,14; P. a. E. PepouiUy, Bl. [2] 
4. 10); and by boiling the alkylamidos of 
ohloro-^4iaphthoquinone with acids or aqueous 
KOH. Yellow needles; may be sublimed. Insol. 
water, m. sol. alcohol and ether. HNO, oxidises 
it to ^;hth^o and oxalic acids. Tnmed red 1^ 
alkalis. tlistillatioD with POl, gives penta- 
chloro-naphthalene. * g, 

Salts.—ECiJHqClOftraq: orimipn Beedles.— 
BaA', aq: «il|7 orange needles. 

yCO . 0(Om 

Imid$ Ofi/ % . [«. 260°]. 

M3(NH).Oa 

Formed by the action of alooholie KB, upon a 
hot aleoboUe solnt(pn of eUo,D-(8).ni^1itho- 
qninone. Dark meUUio platcK SI. sot. alcohol 
and acetic aeld. Diisoivet hi dilnto NaOH wtth 
dark-violet ooiooi. Long boiling with H(3 
yields ehlonM)xy-(s)-B^hUaqBiiUM {lUmHHh 
B. 13,2493). ' 



(moSO^Xr^PBESTtrOAItBAMrc AOID. 


lot 


d»iUdt 


.CO, -C(OH) 

oa/ » . pia*]. 

. 'CJHPhj.OOl 

Puk metallie plates. Formed bjr (he aetion oi 
aniline untB a hot alcoholio solntion ol ohloio- 
(d)-naphtnoqainone iZinoke, 3. 19,<S499). 

(■ 9 ’).0hloro.oz7-(i^-naphthotaiuBe 
0,ACIl(0H)0r [206° unoor.]. Formed by 
(‘9’) ■ dl ■ ohloro - (a) ■ naphthoquinone 

with alkalis. Felted yellow 

needles. V. sol. aloohol, ether, *fto., si. soL 
water. Sublimable. The alkali-salts are t. sol. 
water with a deep red eolour; the Oa and £a 
salts tie sparingly soluble.—A',Gu; insoluble 
red pp.—-A'^b pyeilowiBh red pp. 

AnsM* 0,,X01(NHPh)0,: [166° unoor.]. 
Formed by boiling an ^ooholio solution ol 
(• 0 ’)-di-omoro-naphthoquinone with aniline, 
bark violet oiyatals. V. sol. aoetio acid, si. sol. 
alcdhd. 

o-Toluid4 0,^.C1(NHC,H,)0: [176° un- 

OMele 

p.Toluide 0,^.Cl(NnC,H,)0,: [164° nn- 
oorj (Claus a. Milller, 3. IB, 3074). 

Chloro-oxy-(9)-naphthoquinone. Ethyl de- 
JX) — CO 


riv»Uv$ Ofi, 


'^(OEt):ici 


[149°]. From 


.CO.CCl, 

lstia-obloro-(a)-naphmol C,B,^ | and ai- 

'CChCCl 

eoholie EOB (Zinoke, 3. 21, 1027). Orange 
needles. 

Propyl dtrivativt 0„H,C10j(0Pr). [190°]. 
Formed in like manner, using propyl alcohol. 
Tri.ebloro-oxy-(a)-nsphtboquinone 

[236° unoor.]. Formed by 
boiling tetra-ohloro.(a)-naphthoquinone with 
alooholio KOH. Yello>% needles. Sublimable. 
V. sol. alcohol, ether, *o., si. sol. water. Its 
salts are deep red. By treatment with aniline it 
give# an anilide [180° unoor.], which forms 
coppery needles. ^1. hot aloohdl, aoetio acid, 
and ether, el. eoL cold aloohol, insol. water. 

The corresponding o- and p-toluidine deriva¬ 
tives melt at [206°] and [203°] unoor. rcspeo 
tively (Clans, 3. 19,1141). 

Tetra-ohloro-oxy-(a)4uphthoqainons 

< CO.C(OH) 

I . [286° unoor.]. Formed by 
OO.C(OB) 

dissolving Mnta-oblora-(a).haphthoqqinane in 
aioohoUo KOH, and precipitating the acid by 
HCl. Sublimesinyellowneedles. The alkaline 
salts are v, sol. water, the Ag, j’b, Cu, <kc.natts 
ate red pps. (Clans a. WensUk, 3. 19,1163). 
SI.OBuisO-SI-OXT* (a) -NAPaiHOOiri- 
^ . XO.C(OH), 

lOHl 

From ehloro-lmido-naphthoquinone and 01 
^ineks a. Qerland, 3. 20,3216). Thick needles. 
' Converted by alkalis into a compound [129°] 
which may be oxidised to another [126^. 

oBuio-oiMrAPETBoavnioKs stri. 

JKOBM AOU)(J)^,AOISO. 4a. 
0,jft01O,(OH)(SOS. From naphthalene, 
KQOp and (Hermann, A. 161, 68; Z. 
[2]4,66l). Amorphonimass,m.sol.water,V.sol. 
sleohot and ether. When boiled with water it 


exohanget Cl lot OB. The K salt is a red 
dye. 

(2, S7).0hloro-oxy-(a)-naphthoqninone (M. 
sulphonlo aoid 0,AC10|(OB)(BO,H1. ^11°]. 
From di-ohloro-naphthoquinone smphonio acid 
by displacing 01 by OB (Claus, /. pr. [2] 37, 
184). Cipstals; T. sol. water, sL sot edoohol, 
insol. ether. 

Salts.—The normal salts are yellowish-rad, 
the basic salts are dark red.—Ba^A" 2aq.— 
BaA" 2aq.—PbA".—AgyA''aq. 

Phenyl derivative 

O„H,(SO,H)01(OPh)Or [121°]. Formed by 
the addition of phenol and a small quantity 
of potash to a hot solution of the ee d inm salt. 
C,A(3O,Na)01(OPh)O,(PhOH).—BaA',2PhOH. 
Small needles (from water). — AgA'PhOH. 
Needles. V. sol. hot, si. sol. cold, water. 

Acetyl dsriv'a(tvsO,A(30,H)Cl(OAo)Or 
Salts.—KaA': bright yellow needles. TheAg, 
Pb and Ba salts form double salts with the pre¬ 
cipitant. 

CELOBO-OXYSNIOOTINIC acid v- OnLOSO- 

OXT-FVSiniNB OAEBOXYMO ACID. 

Dl-OHLOEO-DI-OXY-OOTANK 
C,H,,C1,(0H),. Formed by the action of ClOH 
on CB,:OMe.CH,CH,.CMe;CH, (Przybitek, 3. 20. 
3239). 

DI-CHLOEO-OXT-OOTOIO AOID C,H,.C1,0, 
i.e. (C,H,C1),0(0H).C0,H. Formed by the 
union of HCl with (0,H,),C(OB).CO,B obtained 
from oxalic ether and sine allyl (Schatsky, 
J. a. 17. 73). Syrup. 

DI-CHLOBO-SKXA-OXY-DIPHBHn. 
Tetra-methyl ether. 0„B„C1,0, 4.0. 
C, ,H,«,(OH),(OMe),. Bi^dUoro-hydrocaru- 
linmn. [220°]. From its acetyl derivative and 
alcoholic KOH (Hayduck, 3. 9, 929). Small 
plates (from alcohol). M. sol. hot alcohol.— 
C|,II,,K,C1,0,: needles.-BaA". 

Di-acetyl-derivative 
C„HA(OAo),(OMe),. [172°]. From di-acetyl- 
oun'ulignon and PCI,. Small prisms. 

llexa-methyl ether 0„H,Cl,(OMo),. 
From 0„H,(0Me). and Cl (Ewald, 3. 11,1624). 
Needles (from alcohol). * 

letra-chloro-di-oxy-diphenyl C,JH,C1,0, 
4.S. C.1I,C1,(0H).C,H,01,(0H). [283° uncor.]. 

From di-oxy-diphenyl ^n HOAo and Cl (Ma- 
gatti, 3. 18, 227). Needles (from dilute alcohol). 
Fuming HNO, gives dark ted insoluble scales ol 
C.U,C1,.0 

(!!,H,Cl,i’ 

Ooto-ohloro-dl'Axy-diphonjt 0,,01,(0H)r 
Per-chloro-diplwwl. [234°]. Prepared by heat¬ 
ing por-chloro-diphonyl with alooholio NaOH 
at 160° (Weber a. S6llscher, 3. 16,883). Quad. 
ntic tables. SoL benzene and alkalis. 

Di.methyl sf/»si*0„01,(OMo),: [226°] | 
long white iloedles. - „ 

Di-acetyl derivative 0„01.(OAo),t 
[194°]; pointed crystals. 

CHI,OBO.OXY.PEEinrL-OABBAXIO AOID, 

Anhydride *OA01<q°>00. Carbonyl, 
ehloro-amido-phmol. [193°]. Formed by boil* 
iiig with aloohoi the |f(oduot 
(0,H,C1 <:^®q *>CO) of the action ol biaacltiqg* 
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OHIOK(M)XY.^HSaWL-CAKBAM10 AOIU. 


powder on OJH,<*'^>CO (Jaoobj, /. p. p] 

)7,89). Flatee (bom water, HOAo, and ben>- 
SL aoL hot water. Uay be enblimed. 
J9lo.«-di.eUoro-oxy-pbenyI.oarbamio acid. 

AmkyirUt OACa<^®>CO. («).Car. 

honyl chioro’phenol cTUorimide. [119^ From 
thd preoediag and ohlorme-water (Jaooby, J. pr. 
[9] 87| 40). Plates; m. sol. ohlorofona and 
benzene. Conyerted by boat into the following 
isomeride. Converted into the preceding body 
boiling with alcohol, ether, water, aniline, 
di-methybaniline, and phpyl.hydrazine. 

Di-chlflOH >»y"P bMiyl-csrbsi^oacid. Anhy- 

dridt CACi]^(^>c 6. (a) - Carbmyl ■ di ■ 

ehloro-amido-phenoU [270^]. The chief product 
of the action of heat on tlie preceding, the fol¬ 
lowing isomeride being also formed (J.). Prisms 
(from alcohol). May be sublimed. 

Bi-ehloro-ozywphenyl.carbamio acid. A n - 

hydridi OAC1,<™>CO; (B)-Carbonyl. 

ducKhro-amido-phenol. [214^]. Formed as 
above. Needles; v. e. sol. alcohol, ether, and 
HOAo; m. sol. water. Snblhnes in needles. 
Tri-^oro-oj^-phenyl-carbamio acid. An¬ 


di¬ 


hydride O.HjCla<"^^>CO. ia).Oarboiiyl 
ehlpro-phenol chUfrimide, [c. 147®]. From 
OgEjOl^^^^CO and a solution of bleaching- 

powder f Jacoby, J. nr. [2] 37,46). 

Tri-calcro-oxy-pnenyl-earbamic acid. An- 

Aydrid. C.H,CI.<*‘^‘>CO. [89»]. (8),Car¬ 
bonyl - di - cMoro -yhmol cMorimide. From 
0^01,^^^>00 in HOAo by adding a solu¬ 
tion ot bleachlng-powder (d.). Needles; sol. 

water. 

Tii4UmMxy-phosyl-oarbainio aoid. A»- 
kydrid. C.HCI,<*'o>CO- Carbonyl - iri- 
ehtoro^mido-phenol. [262®]. Formed from 
in HOAc by chlorination and 

SQbseqnent decomposition of the product by 
boiling alcohol (J.). Ndhdlos, si. sol. alcohol, 
HOAc, and water. BnbUmes in plates. 

Tctra-ahloro-«xy-pbenyl>carbamio acid. 

Ankydrid. 0,a.<*|f>CO. Carbmyl- 
Mra-Mcm-amido^henol. [c. 229°]. Formed 
by bwting wbieh is ob¬ 

tained by tnating'a solntion ol the preceding in 
BOAn with bleaching-powder (Jacoby, J. pr. [21 
87, 48), White orystalline snblimata; si. sol. 
water, m. id. aloobol an£ HOAo; r. sot. ether 
and benaene. Converted by blesoblhg-powder 

aduamjmtoOs01,<^®]>CIO whence it ia le- 

■ennated by boiling with doohol. 

TM . ofiMBo . w - orr - Dk - PHEmn, . 
ZXHAn As. COI,.CH(C,H.OH)- 

[202°). fkam phan^ ••Uotal, H.SO,, and 
BOA. tiO* flat User, B.7^tl9U> Small crys¬ 
tals ; T. soL alMhol and mW, AlMhol and 
lina^dsst giv. 


Di-aettyl dtrivativ* 
Oai,.OH(0,H,OAo),. [188°]. Needles. 

DI - CHIOSO - OXT ■ PHENYL - ^EIHYt • 
PYEAZOIE 0, AN.001, ».s. 

Ph.N<‘^“gy'|> . [61°]. ‘’obtained by pass, 
ing chlorine into oxy-phenyl-methyl-pyrazole 
dissolved in chloroform (Knorr, A. 238, 
Crystalline mass, volatile with steam, in^r 
water and alkalis, sol. alcohol dhd ether. Be- 
duced by Sn^and HCl to oxy-phenyl-methyl- 
pyrazole. ^ 

$.CHLORO-(a)-OXY - PHENYL - PROPIONIC 
ACIB CgHyOlO, U Ph.CH(OH).OHCl.CO.,H 
[104®]. From sodio cinpamate, spnio carbonate 
and chlorine (Glaser, A. 147,^0; 219, 188) or 
better, from potassic oinnamate and HOlO 
(Erlenmeyer a. Lipp.eA. 219, 184). Slender 
six-sided laminra (containing aq). Melts, in 
the hydrated condition, at 80®. M. sol. cpld 
water. 

Reaetion$.~~l. Alkalis forfii so-called /8-oxy- 
phenyl-cinnamio acid which is probably the 
anhydride of aj8-di-oxy-phenyl-propionio aoid 

(Erlenmeyer, B. 20, 2465), 


C,HrC^^H.i 


CO.H 

and * ag-di-oxy-phenyl-propionio sold.—2. So- 
dium amalqam forms 8-oxy-phenyI-propiooio 
acid.—3. Fuming HCi pKiduoes e8-di-ohloro- 
phenyl-propionio aoid.—4. Boiling with Ao,0 
gives a-chloro-cinnaraio acid. 

3 a 11.—AgA': crystalline powder. 
a-Cbloro-8-axy-phenyl.propionie aoid 
C,H,.CH{OH).CHCl.CO,,H. From a8-di-oxy. 
plienyl-propionic acid and HOI (Leschborn, 
Dissert. Wurzburg, 1884). Formed also by the 

action of HCl on 0,H,.t3H.CH.C03H, whioh^ is 
obtained by treating the preceding aoid with 
alkalis (Erlenmeyer, jun., B. 20, 2466). i 
Chioro-oxy.o-phenyl-proplonlcacidO.H,C10,. 
Ohloro-tropic acid. [130°]. From atropio aoid 
and aqueous ClOH (Ladenbnrg, A. 217, 110). 
Crystals; t. e. sol. water. Zinc-dnat and iron 
filings in HOAo convert it into tropic aoid. 

IPy. 1:4;2)-OHLOEO-OXT-PHENYL-ISO- 
aniNOLINE C,.H„ClNO SA 

,CCl:CPh ,001 ! OPh 

C,H.< I ot O.H,<; I , 

\CO.*NH \C(OH):N 

CKoro-isobmzalphthaUmidine. [212°]. Formed 
by heating chloro-methoxy-phenyl-isoquinol- 
ine [f6°] with f&ming HOI at 100°. Silky 
needles, v. sol. benaene, ohiorofom, and soetio 
aoid, m. eoL cold aicohbl and ether (Oilbriel, B. 
19,2868). • • 

Methyl vdtrivativz 0,JH,.N001 As. 
CCl : CPh . 

OAk I • 17®°]- Formedhy heating 

\C(0Me);N 

di-ohloro-phenyl-isoquinoUnc with a solution of 
sodium in methyl tdsohol at ^0*. Coioorieei 
needles. 7. sol. ether, ohlorofonn, benzene, and 
acetic acid. Very weak base.* By heating with 
fuming HOI at 100° it yielde ohloro-oxy-phenyl.' 
iaoqainoline (ohloro-isobenzalphthaUmidii m)m> 4 
methyl ohloride (Gabriel, B. 19,2367). 



TRI^HWB6-0XY-rK0)Pyt,-AClUDINE. M» 


WIRA. CHIOBO - DI. OXT - 31 - PHEHYl 
gOlPHOmi C. AC1.SO,- i.». S0,(C,HjC40H),. 
[289^. S.0.“1'777. From 80,{C^4-OH)„ 
KC10|, and €LC1 (Annaheim, A. 172, 88; B. 0, 
1150). ladles 01 ^ prisms. Insol. water, t. bI. 
iol eold ^oohol. . 

DI . CHLORO . DI. OXY . DI • PHENYL - 
YEIODBEA. Di^mithyl ether 
aSiiiNH.O,H,Cl(OM 0 )),. [163^]. From cUoro- 
amsidine, aloohpl, and CS,. White needles, sol. 
alcohol and et^r (Herold, D. 16, 1687). 

CHL0R0-0XY.|1C0LIN1C ACID v. Cblobo- 

OXT-FTBIDXNB CABBOXYLIO ACZD. 


0HL0B0.0XT.PB0PANE 8DLPE0N1C ACID 
CsH. 0 iS 04 <.c. CH.,C1.0H(0H).CH,.S0,H. From 
epichlorfaydriQ^^Ka-^SO, at 100° (Darmstadter, 

A. 148, 126). Syrup.—NaA'2aq: monoclinic 
crystals.—aq: trimetrio tables.-NaA'-laq 
(Pazschke, J.pr. f2] 1,94).—C^'jGaq.— BaA'j'aq. 
PbA',2aq.—AgA^3aq. 

^.OHLORO.a.OXY.PEOPIONIC ACID 
CH,Cl.CH(OH)CO^. ChlorO’laetic add, [78°). 

F(ynmtion.—l. From chloro-acetio aldehyde 
by treatment with HCN and HCl (Glinsky, Z. 
1870, 616; Frank, A. 200, 844).—2. Together 
with its isomoride by the union of HOGl with 
acrylic acid in aqueous solution at 0° (Melikoll, 

B. 13, 2168). 

Preparaftw.—Epichlorhydrin (6 g.) is heated 
with (20 g, of) nitric ^id (S.G. 1*38) on a water 
bath until the odour of chloropicrin is perceived. 
The product is poured into water and extracted 
with ether. On evaporation this leaves an oil 
tliat BoUdilies over H^SO* (v. Richter, J.pr. 128, 
193). 

Properties.—Fl&i, deliquescent prisms. V. 
soL water, alcohol, and ether. Cannot bo dis¬ 
tilled. Moist AgjO converts it into glyceric acid. 
When heated with water it splits up into aide* 
hyde, CO,, and HCl (Er^nmeyer, B. 13, 309). 

Salt 8.—CaA'j 3aq.—Zn A'a 3aq.— Mn A', Oaq. 
CuA'j.—AgA'. • 

Methyl ether MeA': (180°); liquid. 
Ethyl ether Ei^'. [37°]. *(205°). 


a.Chloro-0-oxy-propionio acid 
CH,OH.CHCl.CO,H. 

Formation.—l. From glyceric acid and HCl 
(Werigo a. Melikoff, B, 12, 178).—2. From 
acrylic acid and HOCl.—3. By tl>e action of 
water on oD-di-chloro-propiomc acid (Melikoll, 
B, 12,2227).—4. From oxy-acrylio acid and HCl 
(Melikoff, B. 13, 278). 

ProperfiM.—Syrup. V. sol. watea, alcohol, 
and ether. Converted bv moist Ag^O into gly¬ 
ceric acid, and by alooboUo KOH into oxy-acrylio 
acid. Cone. HCl forms, at 100°, a3-di-cl|loro- 
propionic acid [60°]. Zinc and dilvfte £^SO, 
reduce i^o hydraorylic acid (Melikoff, /. B. 13, 
164). ^ • 

Balt—ZnA',: hygroscopic guipmy mass. 

Dl.ohloro-oi|py-propionio acid 
CHC1^CH(0®.C0^. [77°]. From di ohloro- 
acetic aldehyde, HCN, and HOI ^rimaux a. 
Adam, B. 10,003; BI. [2] 84,29). Delioaescent 
tables; a. •eoL water, ^coholg and ether. 
Bedooef arnmnwiia^l AgNO|. 

BaplefAerBtA'. (220°). From the acid. 
Also from tii-^doro-oxy-ptc^lonio ether in aloo- 
holio solntion, by treatment with lino, and HOI 
O^awa. Bisohoff, i. 179» 88). 


Trl-chloro-cxy-propioulc acid 
CCl,.CH(OH).CO.^ TrUKloro-lactie acid, 
[105°-.110°]. From its nitrile by HOI (Pinner, 
A. 179, 79; B. 17, 1997). Prisms; sol. ether. 
Split up by alkalis into ouloral and formic acid. 

Reactions,—!. With strong aqueous NH, it 
gives glvoosine. — 2. With hydroxyJamine it 
yields glyoxim.—3. With phe^l-hydrazine it 
yields glyoxal-di-phenyl-hydraaide.—4. With 
urea and a little water it gives acetylene-urea 
>NH.CH.NHv 

0,H„NA U 

17, 1997).—5. Fusion with urea forms some uric 
acid (Horbaezewski, M. 8, 684). 

Salts.—NH,A'.—KA': prisilST^* 

Ethyl ether Eik!. (c.235°). Formed 
by heating ohloralido with alcohol (Wallaoh, A. 
193, 8). 

Prc^wraficrt.—ChloraJ.hydrate is converted 
into its oyanhydrin by mixing with strong HON, 
and after 24 hrs. standing the mixture is digested 
on the water-batj? for 4-6 hrs. and evaporated. 
The crystalline cyanhydrin is dissolved in one- 
third its weight of alcohol and HOI gas led into 
the boiling solution. When the reaction is com¬ 
plete the ether is precipitated by water, and 
solidifies on cooling; the yield is 90p.o. of the 
theoretical (Pinner, B. 18, 764). 

Properties. — Insol. water. Converted by 
alkalis into tartronio acid. Zinc and HOi r^uoe 
it, iiialcoholic8olution,todi-chloro*oxy-propionio 
acid. 

Acetyl derivative CCl,.CH(OAo}.COyH. 

[05°]. 

Tri-chlorO‘etkylidene ether v» Chlo- 

RALIDf. 

Tri’bromO’ethylidene ether 
CBt4.CU<Q‘’*^>CH.CCI.. [149'‘] (Wallwh, A. 


193,1). 

Amide CCl,.CH(OH).OONH,. [96°]. From 
the nitrile, HOAc, and II .SO, (Pinner a. Fuchs, 
B. 10,1061). Slender needles; v. sol. cold water. 
Acetyl derivative CCl,.CH(OAc).CO.NHy 
[95°J. * 

Nitrile CCl..CH(OH).CN. [61°]. (o.^lf). 
From chloral and HCN (Hagemann. B. 6,151; 
Pinner a. Bischoff, A. 179, 77; 17.1997). Tri- 
metric tables (from CSjf. V. soU water, alcohol, 
and ether. Reactions, —1. AlkaUs split it up into 
chloroform, HOy, and formic acid.—2. Ammonia 
foims di-chloro-aoetamide. — 3. Heated with 
urea it yields tri-chloro-ethylidene-di-ureide 
CCl,.CH(NH.CO.NHJ, as* chief product, and 
biuret as a by-product (Pinnv a. Lifschiita, B. 
20,'2345). • 

Acetyl derivative OCl|.0(Oi^).CN. [31°]. 

***».i'Ei-cHLoaoA-oxY.(A.)-rBom-AOEn>. 
IHE C„H„OSCI, «,H. 

U N—0;OHrOH(OH).OCI.(?). 




1.H, 

UeOryUunridir^ chloral. Formed liy vuming 

jeoi g.) Mhjfdroim^clilot,! (70 g.) s »t 70°- 
76° the prodoot eepuaiee ■* a landy pj^; the 
Tield is nearly tbeolRieal Tallov needles or 
prisms. AboTS 900° it is sgaln molnd into 



iiifira>Mrfdia« and ohloia]. SU'^sol. all curdi* 
aaiyaalreBtf. Jtefeaaloprop«rtiesar®Tery*Oght 
rhe teMm in oono. H^SO^ has a splendid 
gnMndih^yenov flaoresoenoe. By alkalis it is 
partially xesohed into methyVaoridine and ohlo* 
rail and partly converted into aertdyl-acrylio acid 
®uPiN*uH:CBLCO,H whence EMnO« princes 

, , .O^CF.O 

ioiUaiw 4 i,)^dahyde [140=^ 

(Bemthsen a. Hohlert, B. 20,1542). 

DI.0Ht0E0.0X;y.PTaiDINE 0,H,(0H)CiaN 
278*]. Formed by heating the ethyl ether with 
aCl (KaeniM a* Gelgy, B. 17, 1834). Colourless 
erystals. v. sol hot water. 

Xikp^-Uiur 0,H,(0Et)CI^: [SIT; white 
anrstals; fonned by heating tri-ohloro-pyridine 
with sodium ethylate. 




Pro^tie«.--Felt-work of fine' needles <dai^ 
tidning aq) (from water), or else u Wd 
prisms. Decomposes about 282®. Not attacked 
by Bn and HOI or by aqneoas HL ftednced by 
HI in glaoiU acetic acid to (a)^>zy*pioolinio aciX 
Salts.—Meetly solnble, except the oalcium 
salt, CaA'„ which is but slightly soluble, although 
it is more soluble than the acid. SeparaUark) 
spontaneous evaporation as sihrery stars. 

OEIOSO-OZY.PTBOTASTABIO A0D> 
(^H,CIO,. ^Okhro-citramdl^ oetd. [100®]. 

F<frm<Ui<m,--h From oitraoonatesa^HCSC 
(Oarius, A* 126, 204).—i. Ffom eitra* or mesa 
di'Chloro-pyrotartario aoid by wanning with 
water (Gottlieb, A, 160, 101 ; Horawski, /. pr 
[2J 10, 68 ; 11, 466).—8. By passing ohlormt 
into an aqneoos solution of sodiam mesaconate 


OHlORO^y).OXY.PYRIDINE CARBOXYLIC _,.. 

ACID (IH, 01 N( 0 E)(C 03 H). Chloro-cxy-picoUntc | (Morawski, J. pr. [3j*i2,3{)2| 
ooil 8.4 at 100®. . ., Pre^ites.—Trimetric crystals. Water at 

lT^ra(ioii.r-~Oomenamieacid(9.v.)uheated 1120® converts it into di«ox 7 -syroiartario<^id 
with KH, (5 eqoivalents) in a sealed tube at i and acetone. 


220®. The product is ponrel into water at 0®. 
The oil that separates is extracted with hot 
water and the extract evaporated to orystalllsa- 
tion. The omtals are dissolved in a little hot 
water and NE^ is added; ammoniooomenatese- 
narates and oaloio chloride is then added to the 
filtrate. Caioio ohloro*oxy-methyi pyridine car* 
bozylate crystallises ontelowly (Bellmann, /.pr. 
P] 29,8). 

PropwHes .—Pointed needles (containing aq). 
Insol Md wator, ether, ohlorofotin, and bens* 
ene. Sol. aloohcl and acids. 

Asooftons.—1. Fe,Cl, gives a brown pp. sol. 
excess.—2. AgNO| gives a bulky white pp. soon 
becoming granular.— 8 . Reduced by Sn and HCl 
to j 7 )^j-pyridiDe carboxylic acid ((yj-oxy-pico- 

Saitsv—B'HCl Very soluble pointed needles. 
OaA',aa. Got by adding CaCl, to a solution of 
the acid nearly neutralised by NH,. M. sol. 

water.~<^H,ClN adding 

Oa^^ a solution of the acid quite neutralised 

CRiloro*osy.pyridiAe earbozylie aoid 
CI^EL(RN(Oi^CO^ Chhroo^picoUnic acid. 
[e. 367®]* ubtsmed by beating penta-cbloro* 
acthylM^yridibe 0 AC 4 N.GOI with (Ost, 
/. 27, 257). Thiek needles (containing 

a^. Bedo^ by HI in aoetio aoid to ( 8 )*oxy* 

Salk—OaA', 4au. 

OhlaraMny-mMia. acid 

OiH.OUI(OH).W.& Chkn-«e,-pia>liiiuiaeid. 
OMainad b. th. action of SL80. on penta-obioro- 
matbfl-i^dina obtained b; treating picoiinio 
aekl with P(3. (SefSertb, J. pr. [3] 84, 2f4). 
Olniten of neeolee. Doea not melt below 815°. 
SL Ml. cold water. Dm not combine with ECL 

0kUtro.OT-p]nidiBe earbozjrlio aoid 
aSL^(OH)aO,H. ChionMoi/^mcolinic acid. 
(W^. From nuotinio aoid b, ancoecsiTe treat- 
matiwiSiFOLiod Honoolinio priama 

(B.). V .• o *■ 

U^iloro^nr-ppiUlna eaibn^Uo aoid 
OflOJUiOEmfl. JH-tMoro.aci/.pteOiHlc 

fnp»ratUmi—tj baatiiig bnmohlore-ma- 


Salts.—BaA° 4aq: monociinio tables. ?, sL 
aol. cold water.—PbA''4ag.—Ag^". 

Obloro-oxy-pyrotartario aoid C^OIO.. 
Eydro.chloro^oxy-cUracome acid. [163°J. From 
oxy-citraconio aoid and fuming HCI at 120° (Mo. 
rawBki,J.pr. [2] 11,443). Plates. Split up by 
bases into HOI and oiywritraconio aoid. Sodium 
amalgam reduces it to oiy-pyrotartarioacid j.e. 
CH101t0.0XY.OTIll0EBni OANOCI iai 
yCS-.es 

1 • [112°]. Fonned by the action 

' N:OOC! 

of bleaching powder eolation on the borate of 
quinoline (Einhom a. Iiaueb, A. 248, 843). 
White prismatic needles. Sob hot water, aoetio 
ether, HOAo. 

Reactianc .—L Boiled in an alkaline solution 
oarbostyril is farmed.^2. PCI, forms {Py. 8 ) 
ohloro.quinoline. — 8 . Boiled wi^ aloohol p. 
chloro-osrbostyril [268°] is fortned. 

IB. 2)-Obloro-(P^. 3).oxy.eninolii>t ' 
CCl:C!H.O.CH:CH 

Formed by treating the following body with 
alkalis, and, by intramoleoular change, from the 
preceding Iwdy. When its alkaline solution 
miied with NaOCl is treated with W, the fol¬ 
lowing body is ppd. EMnO, gires iHiMoro. 
isotfit [248°]. 

(B. H, Pi.i).T)lchlm«-{Pu. 8)4zy'.quiseUns 
OCII:GH.G.OB;CH 

1 fi i • [U6°]and[145°]. Prom. 
cacH.o.Nii^ra 

(B.* 2 ).c&loro.qninoline and bleaohing powder 
(Einhorn a. Iiauoh, d. 248,858). ^tea (from 
HOAo) or needles (from £(OAo). I)lmot}moas. 
Bailing alkalis gire ohloro-oarb&tyiil [368°]. 
Ohloro-oxy-qvinoline «. CHLoBa.auBonTBa. 
Iri.o]ilor<>.oxT.qiiiaaUaeC,i^Cl,ON. [200°]. 
Prepared )qr pasiing chlorine for 6 bonrs into a 
sointion o( qninoline in dilnte aoetio ai^ Ibe 

S rodnot if orystallised from ale^oL 0 ^ jiM 
1 15p.a., most of Che quinplboMng reoovand. 
Thin matted naadise, aol.))oniano, obteofnrm, 
and aloohoL Baduoed by HI at 350° to oxy* 
quinoline, whieh la found to fea (ft. ttW- 

qninoliiM(,^.Botiwit,/.pr. {^WidOO}. . 


eiKiOi»owwtuqiRBn8rnrBi!i. 


IH 


On 


- . ipftKM)^oiu)-ozTJioatraroi.im 

>CH:'COI >CH:CCl 

raiO®]. Pins.needles. V. sol. ordinary solvonts. 
bisBoWdPin diliAs MaOH. Foraed as a by- 
prodnot in the action o! aIcoholic%OH upon di- 
eUoro-isoqninoline. Obtained by the action ot 
dry BCl gaa at o. U0° upon (Py. 2:4)-ohloro- 
«i>» yCH^COl 

methozy-isocainoUna O.HX I 

\C(0;fe):N 
methylation with Wei and methyl alcoholic XOH, 
it is eonrerted into (Fy, 3;4:8)-ohloro-oxy-me- 
XH:001 

thyl-isooninoUne 0^,< I , isomeric with 
• • \X).NMe 

the above chloro-methozy-isoquinoline (Oabriel, 
B. 19, 9360). , 

XH=-M3a 

Utthyl dtrivaiivt OJi^( I . 

• \C(OMe):N 

[74^. Formed bp heating di'ehloro.iBoquinoline 
with a eolation of sodium in methyl alcohol, at 
100°. Thick needles. V. sol. alcohol, ether, <So. 
By digestion with fuming HCl at lOO*’ it is con* 
verted into the imide of phenyl-scotio^)-oarboiy- 
^XHj.CO 

lie acid C,H,<f | (di-oxy-isoquinoline). By 
^ CO.NH 

dry HCl at 160° it ip converted into ohloro-oxy- 
ieoqninoline (Oabriel, B. 19, 2369). 

< CH—col 

I . 

0(OEt):N 

[87°]. Formed by Itcating di^thloro-isociumoiine 
with alcoholic sodium ethylate at 100°. Long 
needles. V. sol. ordinary solvents (Oabriel, B, 
19, 2368). 

(Py. 4:3).Chlerc-oxy-itsqainolina 0,H,C1N0 
XH:C(OH) * • XHj.CO 
44.0^/ J I [1W°]- 

\cCl:5i \CC1:N 

Foitned as a by-product in th^ preparation of 
di-chloro-isoquinoline by the action of FOCI, at 
160‘-170° upon the imide of phenyl-acetic-o- 
-0H,.00 

earbozylic add ^^(di^xy-isoquino- 

line). Long thick needles, or colourless plates. 
U. sol. hot alcohol, si. sot. ether, oold acetic acid, 
hot benzene, and chloroform. 

Utthyl dtrivalive C^,(OH,)NO:[67°]. 
Small white crystals; v. sol. alcohol, ether, 4tc„ 
insol. alkalis. Formed by heating ohloro-oxy- 
isoqninoline with Hel and methyl • alcoholic 
EOH (Oabriel, B. 19,2366). . , 

Si-cUoriH>zy*iscqaino^e (f) * 

^00. CHOI 

. Formed by 


heating himroiio add with FOIr By further 
action of nlL lt is converted into a body 
(WiOI., [134°] (Bdgbdmer, B. 19, 1169) </. 
Schwanert, A, 112,69).. 

m^-OEmBO-DLOn QimroEi 
0)Cl,(OH)/}^;4n:6:8!6]. OMoransHs odd 
(Banisish, B. 20, U08,2279). 

' FbmMHcii.—1. By dissMving Mra-cUoto- 
Mincoa (ahlotanil) In dilate aqaaons KOH 
{Btdmaaa, /. jfr. kt, SUi tf, ftwho Boa, 4. 


Suppl 8, 14).—2. By the actioB etWlHdi «■ 
tri-chloro-quinone {Gmebe, ii.'146,24).' ' 

JVoperties.—Glittering red plates (eontaining 
aq). May be prtially sublimed. Its iMueoue 
solution is violet,, but decolourised by HC2 m 
HiSO,, by which it is ppd. 

Beactiont.~l, Reduced by tin and HOI to 
di-chl9ro-tetra-oxy-Benzene.—2, FCI, forms 
tetra-chloro-quinone.—3. By treatment with bro¬ 
mine it is converted into di-ohloro-tetra-bromo- 
acetone CBr,Cl.CO.OBr,Cl[79°] (Levy a. Jedlidka, 

B. 20, 2318; c/. Stenhouse, A. Sujwl. 8, 17).— 
4. HCl and KCIO, form tetra-ohiqro-acetone 
CHOlrCO.CHOl,, which erystalliscs with 4aq 
[49°] (Levy a. Jedlidka, B. 21, 8181.—6. Am¬ 
monia forms 0,C1,0-,(1^11^(011)™3^ crystal¬ 
lising in black needles and forming the salts 

C. C1,0,(NHJ(0NHJ 4aq and 0,0,0,(NHJfOAg). 
6. A small quantity of SQ, forms totra-chloro- 
tetrs-oxy-quinhydrone C„H,O,0„ crystallising 
in black needles. 

Salts—E,0,CI,0,sq; purple prisms, form* 
ing a purple golution In water or alcohol.— 
Na,A"4sq: dark crimson needles (Hesse, A. 
114,304).—BaA"3aq: red-brown scales.-Ag,A"i 
red pp. 

Di-ethyl ether Et,0,Cl,0,. Bed prisms 
(from alcohol). 

CHLOBOBI-OXT-QUIBOini BFLFHOBIO 
ACID C,H.C1S0, U. C,O(0H),0,(S0,H). 
Fotassium salt 0,O(0E),0,(S0,K) 2a(). 
From tri-chloro-hydroquinone snlphoiua acid 
and EOH (Ortebe, A. 146, 66). Bed needles; 
V. sol. water, insol. alcohol. With HCl it gives 
yellow lamina) o(0,0(OH),0,(SO,E), decolourised 
by tin ana HCl. 

m-p- CHIORO-DI-p-OXT-TEBEFHTEAUO 
ACID C.Cl,(OH),(CO,^,[l:4;3:6:S:6]. From the 
colourless ether («. infra) and cone, aqueous 
NaOH at 100°. Greenish-yellow needles (con- 
taining 2aq). Stable in the air, but effloresces 
over H,30, into the white anhydrous pseudo- 
form (di-ohioro-quinone di-hydro-di-carboxylic 
acid) which is reconverted into the unstable form 
by heating with aqueous NaOH. 

Ethyl ether. Di-chloro-hydroqiinitu-di- 
carboxylic ether. [123°]. Formed by reduction 
of di - ohioro - quinone - di - carboxylic ether 
C,Cl,0,(C0,Et), with ^inc-dust and acetic acid. 
Long thin colourless needles.' V. sol. ether. 
By melting and quick cooling it is converted 
into yellowish-green dichroio tables, which are 
probably the pieudo-form CJE[,O,0,(C0^t|, 
(di-chloro-quinone.di-byd.ia-di-carboxyuoetoer); 
this is unstable, and by a gentle warming is con¬ 
verted back into the colourlws needles of the 
stable form (Hantssch a. &okendorf, B. 20, 
1812). 

. cHX.oBo-ozr-iHy]ioQiniroxE 
8„H,.(0H)C10, Ac. 0,ClfCH,)(OA)0,(Om 
[122°]. Fnm di-nitrd3thymol by treatment with 
F01„ the (Sloro-di-nitro-thymol so formed being 
reduced by tin and HOI and the resulting 
amido- compound oxidised by CtO, (Ladenbnrg 
a. Engelbr^t, B. 10, 1218). Lernon-yellaw 
prisms (from Idoohol). BeadUy sublimea Ita 
alksl^e solutions are vlolst. BoUingwithKOH 
converts it into di-oxy-thymoquinone. . 

■ OBLOBO-OZT.lOLDCABBOmXn 
OiLoao-M<^-iinnn.qai«aHn. 



oKUBoon-mniKeiiiouiis «. Gbloko- \ 

m-maTir()(niioi.nni. 

SMBLOaO-SI-OXT-TOI.TKlIIIKOHS (?) 
03,0,0, i*. 0,Cl^e(0H)qr [IB?-]. From 
Iti-oUoio-OToin and alkalma ^sOj, (Stenhoasa 
a. Qrovea, B. 18, 1806). D«ep yellow scales 
((ram water). Bl. sol. water, v. sol. ^oohol. 
Bedtieed by SO, to eoloarless G,H,01,Of, whioh 
on oiidation gires parplish-brown orystals ot a 
Oninliydione. A dl.ohloro.di-oxy.tolnqainone 
has bean described by Branninget (A. 18a, 339) 
M obtained from beeoh-wood creosote by treat- 
■anl with KCIO, and HGl; the resulting tetra- 
dUo^trdnquinone being reused by SO, to the 
|afaa«chtoro.faydrotoiuqufhone, whence dilute 
XOHloriM dPBmoro-di.ory-toluquinone.abrick- 
ibd siystalline powder. 

SI-OmoBO-OI-OXT'DI-o-mYI-FlBA- 

03 ,.K-C 0 I.CO 

Zm III- [^01^. Fromdi-oxy- 
C0.CC1.N.C,H, 

di.to!^.pyTaaine dihydride and PCI, (Abenius a. 
WUbnann, B. 81,1668). r 
OHM>ItO.OZT-VAl.£SIC ACID 
03,O(0H).CHrC03. Obtained by oxidising 
ehloro-allyl-propyl alcohol by chromic mixture 
(Lopatldn, /.or. [2] 30, 396). Crystalline. 
Balts.—BaA',8aq.—NaA' aq. 
y,QUoro.y.ezy-valerle acid 
£a<(o»a 03,0,0 ie. CH,.Ca.CH,.CH,.C0.0 


(B0°-88°)«t 10 mm. Got by passing HCl into j 
(e).angeUeo.laotone. Decomposed by water into 
V kpi and lemlio acid. On distillation it splits 
np into EO and (0).angelico-laetone. Bromine 
converte the lactone into brominated bodies, 
whence water forms a great deal of (h-brOmo- 
levnlic said and some bromo'levulio acid (Wolff, 
A. 238,349). 

Chloro-oxy-Talerlc acid 0,H,C10, {.«. 
OHrOHCI1.0Me(OH).003. (76^. Formed, 
together with its isomeride, by the union of 
tiglie aoid with HOC! (MelikoS, J. 234, 225; 
Bi. [2] 47, 166). Needles, sol. water, alcohol, 
bnde&e^. UcohoIioEOHconTerts it into butyl¬ 
ene onide carboxylie (di-metbyl-glycidic) acid 
0 

OHrOH.Ob^^C03 whence HCl repro- 
dnees the originU acid (76^. 

Salts.—ZnAV—CaA',: prisms. 

Otlsrotoxy-vsleric acid 
CHr0H(0H).CMeCl.C03. (112°). Formed, 
together wito the preceding, by the union ot 
HOCI with tiglie jcid (M.). Prisms; t. sol. 
water, ^ccditd, and ether. Alcoholic EOH con. 
Torts it into the same butylene oxide carboxylic 
add as the preceding. 

Balts.—These ate gummy masses.—ZnA',.-* 
OaA*,^—BaA^,. ^ 

Tti^hlorejay-Taletlo add v 
CHrCHClXClrOH(Om.OO,H. [140*]. Pre- 
pam by boiling with HOI the compound ot tri- 
^oro-mtyiic aldehyde with HCN (Pinner a. 
Klclo,B. 11.1493; A. 179,99). Irimetrio tables, 
T. sol alcohol ether, and hot water. 

Salts.—MaA'ag: oyitals.—PbA',. amor- 


„ Blifi erter BU'. [dOT. (3W). Ismg 
prisms. AicohdiANB,ccnTetlsitiBto03,CIU)3 


amiic ot ohloto-imido-angsUc tM 
whence boiling alcohol prodaces , 

Acstpl dsrtoaftvii 0,H,Ac01,0,aq. 
Slender needles. • 

Tri-ehhro-ethylidtni tiher 

C01,OH<° o5>CH.C01,.OhSi.CH,. * t67'>). 
(297^). From Uie acid and chloral at 175^ 
(Wallaohp A. 193,87). Thick oryatalc (frota 
chloroform); explodes when struck. ^ 

A mids CH,.CH01,CC4.CH{OHj.OOsNIL 
[119°]. SL water and CgH,, v. sol alcohol 
and ether. Prepared by the^ction of strong 
H^SOg on the nitrile (Pinner a. Klein, B. 11, 
U90). 

mtriUCHyCHaCCl,.CH(OH).ON.Siaf/l- 
chloral cyanhydrin. [102^]. ^30°). From 

tri-ohloro-batyric orthaldebyde, alcohol, and 
cono. HCyAq. Leaflets (from dilute HGlAq); 
m. sol. cold water, v. sol. ucohol. Converted bj 
alcoholic NH, into the amide of (0)-ohloro>cro 
tonic aoid. Urea gives chIoro-orotonyl*ur9i 
OsH.GlCONH.CO.NHo and butffo*ohloral biuret. 

Acetyl derivative of the nitrile 
CH,.CHCl.CCl,.CH(OAc).GN. (240°-252°). From 
the nitrile and AoCl Yellowish oil. 

TSTBA-CHLOAO-a>-BI-OXYwKTL£27£. An 

hydridt 0,H.C1.0 i.e. C.C1,<®^>0. [218'']. 

From tetra-chloro-phthalic aoid (7*7 g.), cone. 
HI (3*5 0 . 0 .) and red phoapjiorus (2 g.) at 230° 
(Graebe, A. 233, 831). Needles (from toluene), 
ol. sol. hot alcohol, m. sol. hot benzene or HOAc. 
Insol. boiling alkalis. 

GHliOBOwFKNTANK v. Autxi chlorxds. 
Bi.ehlorO'peatane C^HigCl^. Amylenecklortde. 
(145°). S.a 2 1*22; » 1058. From crude amyl 
ene and PC1» (Guthrie, C. /. 14,128; A, 121, 
115) or Gl, the temperature being first at — 15°, 
afterwards boiling (Bauer, [2] 4, 380,667; cf. 
Kondakoff, C. C. 1887, 9?9). 

Di . ehloro. peutane (CHj) 2 CH.GH 2 .CHCl,. 
Isoamylidene chloride. (130°). S.G. ** 1*05. 
From isovalerio.oldehydo and PCI* (Ebersbtfoh, 

A. 106, 265). KOH gives (CH,),CH.CH:CHCn 
(86°) and (CBy,CH.CjCU (Bruylants, B. 8,418). 

aa-Dl-ohloro-pentane CH,.Cll 2 .CH....CCl 2 .GH,. 
From methyl propyl ketone andPGl*(Bruylant8, 

B. 8, 411). Liquid; decomposed by distilla¬ 
tion. Dry KOH forms CEL,.CH.^CH 2 .CjCH. Al- 
cohoUc KOH forms CH,.CH-.CHa.CCl:CH, (96°) 
and CH,.C.'C.C,H* (Favorsky, BU [2] 45, 247). 

Di-obloro-pentane C.H,«G1^ (155°-160°). 

S.G. ^ 1*19. Formed by cnlorination of ordinary 
amyl chloride (Buff, A. 148,850). 

Di-ehloro-pentane C*H,sCl 3 . (151°). From 
valer^ne and HCl at 100° (Beboul, Z. 1867, 
173). Hea*7y oil. 

Tri-chloro-pantane <J^Cl,. fl8{frl90°). 

S.G. ^ 1*83. By ohlorinaiioncof amyl 

chloride (Buir,ei. 148, 850). A crystalline tri. 
chloro-pontane is formed (160°-1^°) by chlorl 
nating crude amylene (Bauer, /.pr. 100, 42). 

Tetra-ohloro-pentans GtH«(^. (240°). 8.Q. 
4 1’429. From amylene ana Cu (Bauer, /. pr. 
100,48). . 

Penta* and Sexa-ehloro*p«sCasei have been 
obtained by Spring a. Leoronior (Bl [2] 48,628) 
hf ehlorinatiim isoamyl meroapten. 

OELOBO^.PZHTAXE 8DIPH0II10 AOID 
0,H„0L^,H. From iMpcDtaDC lOlpboaic cihil 



OHLORO-PHENOL. 


ns 


»n4 d in fonahiBe or, in preaenoe oi iodine, at 
ISO” (Spring a. Winssinger, B. 17,687 i Bl. [2] 
41,801).-BaA'r 

OELOSOJEKiraOIO AOIDe.Cmono-iHOE- 
HO Aon> nnd Ohlobo-tioho aoid. 

CmOBO-PESTEireii AI.COH(Ki 
CH,.CH:CC1.0HMe.Oa Methyl-chtoro-allyl 
^rMnoJ. (169°) at 725 mm. S.G. {Jj 10882. 
*Tj). 4-09 (Theory 4'17). From tri.ohloro-amyl- 
joohol C,H,C1,.CHM6.0H, finely divided iron, 
and aoetio acid (GarzaroUi-Thurilaokh, A. 223, 
164), or ainc-dust and dilute HCl. Colourless 
mobile liquid with pungent smell, faintly soluble 
in water, soluble in ether, CS„ end chloroform. 
Combines wi^Jl bromine. Aoetio acid is among 
the produots of oxidation by chromio mixture. 

Acetyl derivative C,H,AoC10. (173°) at 
786 mm. V.D. 6-73 (foe 6'66). Does not com¬ 
bine with bromine. 

• PEE-OHLOEO-PBKTIHEirB 0,C1,. Per. 
chUn-amecylene. J89°]. From oomenio acid and 
PClj at 280° (CfSt, J. pr. [2) 27, 293). Prisms 
(from alcohol); smells like camphor. Begins 
to distil with decomposition at 270°. 

OHLOEO-PHEKASIHREHE u. Phenas- 

rUHEHE. 

CHLOEO-PHElfETOI. *. Sthyl ether of 
Chlobo-fhsnol. 

O.CH10E0-PHEH01 C,H,C1(0H) [2:1]. [7°]. 
(176° i.V.). • , ^ 

FormaMm.~l. From o-amido-phenol by 
displacing NH., by Cl by the diazo- reaction 
(Schmitt a. Cook, B. 1, 07 ; Faust a. Muller, B. 
5, 777). Solution of NaNO, is run into a hot 
solution of o-amido-phenol and GujCl, in dilute 
HCl (Sandmeyer, B. 17, 2651).—2. Together 
with the p-isomeride by passing chlorine into 
phenol (F. a. M.; Kramers, A. 173, 331)— 
8. From o-chloro-aniline by displacing NH, by 
OH through the diai?o- reaction (Boilstein a. 
Kurbatoff, A. W6, 39).—4. Formed by neutralis¬ 
ing with acid a mixture of sodium hypochlorite 
and phenol (Chandelon, B. 16, k749). 

Properties .—Colourless liquid; el. sol. water, 
V. sol. alcohol and ether. Potash-fusion converts 
it into pyrocatechin (Petersen, B. 6,368). UNO, 
gives two ohloro-nitro-phenols [111°] and [70°]. 
PCI, gives o-di-ohloro-beuzene (179°). 

Methyl ether C,H,Cl(OMe). o-OUoro- 
anieol. (203°). Prepared from o - anisidine 
C,H,(NH,)(OMe) by Sandmeyer's reaction (Wal- 
laoh a. Hensler, A. 248, 237; cf. Fisohli, B. 11, 
1468). 

Ethyl ether 0,H,01(0Et). o-Chloro-phe- 
netol. (208°). ^ 

Beneoyl derivative CjH,Cl.QBz. 6814°). 

Phthalyl derivative 0,H,O,O,(OOJl,Cl), 
[98°] (»0880, a. C. 1887,1896). 

m-OhlortSphedol 0,H.Cl(OHp:l]. [28-6°]. 
(214° i. V.). Fromm-ohloro-aniliSe by displacing 
NH, by OH tkrough the diazo- reaction (Beilstein 
a. Kurbatoft, A. 176,48; Dhlemann, B. 11,1161: 
Vamholt, J. pr. [2] 86, 26). White needles. 

Beneoyl derivative C,H,Cl(OBz). [86°]. 

Phthalil(derivatie)e [108°] (Mosso). 

p-Qiloio-phenal 0,H4CI(0H)(4:1]. [87°]. 

(9m. 

FbreinMon.—1. Prom phenol and SO.Ol, 
(Dubois, Z. [2] 2, 706 ; 8, 206).-2. Together 
with the o-isomeridle by passing chlorine into 

VoL. It 


cold phenol (D.; Petersen a. Bahr-Praderi, A 
167, 12W.—8. From p-amido-phenol by disp^ 
cing by 0 through the diazo- reactioa 
(Sohmitt, B. 1, 87).—4. From p-ohloro aniline 
by displacing NH, by OH through the diazo- 
reaotion (Beilstein a. Kurbatoft, A. 176, 30; B, 
7, 18951 

Properties. —Crystalline; v, sL sol, water, 
V. e. sol. alcohol and ether. Insol. aqueous 
Na,CO,. Potash-fusion converts it into hydro- 
quinone and resoroin (Petersen, B. 6,1399; 7, 
61; cf. Faust, B. 6, 1022). PCI, gives p-di- 
ohloro-benzene [68°]. HNO, forms chloro-nitro- 
phenol [87°]. 

Salt.-O.H,0(OSa) (Varnhdt. f.pr. [2] 86, 
19). 

Methyl ether C,H,Cl(OMo). («. 200°); 
S.G. « 1-182 (Henry, Z. [2] 6, 247). 

JEfhul efhm-0,H,Cl(OEt). [21°]. (fim. 

Beneoyl derivative C,H,Cl(OBz). [93°]. 

Phthalyl derivative C,H,(CO,C,H,Cl),. 
[11°] (Mosso). 

(4:2;l)-Di.ohloro-phenol C,H,C1,(0H)[4:2;1] 
[42°]. (210°). 

Formation.—1. By chlorinating phenol (Lau¬ 
rent, A. Ch. [2] 63,27; [3] 3.210; F. Fischer, Z. 
[2] 4, 386; A. Suppl. 7, 180).-2. By adding 
HCl to a mixture of phenol (1 moL) and sodium 
hypochlorite (2 mols.), the (6:2:l)-isomoride is 
formed simultaneously (Chandelon. B. 16,1751). 

Properties.—White needles. Sol. alcohol and 
ether, nearly insol. water. Expels CO, from 
boiling aqueous Na,CO„ but in the cold it is npd. 
from its salts by CO,. PCI, gives tri-ohloro- 
benzene [16°]. 

Salts.—NH,O.C,H,Cl: needles (from hot 
NH,*Aq).—KA' Jaq: decomposed by water at 70°, 
giving ofi p-chloro-phenol.—HOPbA'.—AgA'. 

Ethyl ether O.H.Cl(OEt). (237°). 

Acetyl derivative C,H,Cl(OAo). (246°). 

Beneoyl derivative C,H,Cl,OBz. [97°]- 

Phthalyl derivative 0,H,(CO,C,H,Cy,. 
[108°] (Mosso, Ann. Ohim. Farm. 87, 184). 

(6:2;l)-Dl-chloro-phenol C,H,C1,(0H)[6;3:1) 
[68°]. (218°). 

Formation.—!. Together with the ^4:2:1) 
isomeride by adding HCl to a mixture of phenol 
(1 mol.) and sodium hypochlorite (2 mols.) 
(Chandelon, B. 16, 1752).—2. From di-ohloro- 
p-amido-phenol by didj)lacing NH, by 0 through 
the diazo- reaction (Seifart, A. Suppl. 7,203; Z. 
[2] 6,460). 

Properties. —Needles. Sol. alcohol and ether, 
nearly msoL water. ,_ 

Tri - ohloro - phenol O,H,0,(OH)[6:4i2:l]. 
[68°]. (244°). B. -061 at 1^; -243 at 96°. 

Formation.—1. By ohlonnation of pheno* 

I (Laurent, A. Ch. [2] 68,27; [3] 8,497), of saU 
l-genia (tho product being dwtilled with oono* 
'^.,SO„ Pitia, A. 60,47). of aniline (Hofmann, 
A. 63,8), of indigo 4Erdmann, /. pr. 19, 882; 
22, 276:'*28, 472), of phenol sulphonio aoid 
(Vogel, Z. 1865,629), or of phenyl benayl oxide 
bAO-t®,Ph (Sintenis, A. 161, ^)--a- By the 
action of NaO0 upon (9,6, Ij-di-ohloto-phenol 
[66°], and upon (2,4, l)-di-ohloro-phenol [48°] 
(Chandelon, Bl. [9] 88,128). _ .... 

PWperties.—Needles or ptixms. Acid to 

Reactions.—!. hRO, forms di-ohloto-qulnone 
[120°]; alcohol and N|0, produce the nme 
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bod;.—S. pen, 01 P«,CI, Iram totn-ohloro-bODs- 
•n.—S. HCSl and KdO, give tetra-chloro^imn- 
ono. OrO, and HOAo troduea the same bod; 
(be; a. Sebnlts, A. 310, 16n).-4. E^O. at 170° 
give* ohloro-pbsnol disnlphonio aaid and di- 
eUoro-phenof tnlphonio acid (Armstrong a. Har¬ 
row, 0. /. 29, 474).—5. Br girea 
[B9°] (Benedict, U. 4,235). 

Balts.—B!^0,H,C1,0: needles; T. d. sol. 
cold water.—KA' Jaq.—MgA', 2a(j.—BaA', 4aq: 
radiate gnnps of lamine.—PbAV—(PbA'J,PbO. 
^gA'; jellow amorphous pp. 

Hthvl ether CA01,(0Bt): [44°). (240°). 
(Faust, A. 149,162; LamM[^ J, pr. [2] 33,381). 

Aeetyl^etiivative (332°). 

Propionyl ’ierivative 
OJB,a, 0{CO.O^ (268° nneor.), colourless 
bear; liquid. 

Butyryl derivative OJ3i,OlrO{CO.O,R ,): 
(274° nneor.). 

Folsryj derivative 0ACS,.0(C0.C,H,): 
(283° nneor.). 

Beneoyl dersoative O.HjCT^.OBz: [70°); 
eolonrless needles; sol. aleobol and ether, insol. 
water. 

Phthalyl derivative 
OA01s- 0<^O.H4: P93°35 ». 8ol. ohloro- 

form, sh eoL aloohol and ether, insol. water 
(Daemmo, B. 18,1163). 

Tri-ehloro-phenol CAC1.(0H). [64°). p3° 
nneor.). From tri-ohloro-p-amido-phenol (ham- 
pert, J. pr, [2) 83,878). Also from phenol and 
NaOCl (Chandelon, Bl. [2] 88, 119). Silk; 
needles (fr om dilute aloohol). Volatile with 
steam. HNO, gives na quinone, but a nitro- 
derivative [146°). PCI, gives C,HC1,. '■ 

Ethyl ether O.H,a,(OBt); (246° nneor.). 

Acetyl derivative 0,H,01,(0Ac); (269° 
nneor.). 

Tetra-ehloro-phenol 0,H,C1,(0GI)[6;4;2;I) 
or C.H,01,(Cy0. ‘ Tri-chknv-ph^l chloride' 
[119^. Formed by passing Cl into tri-chloro' 
phenol SQSpended in fuming aqueous HCl (Bene* 
diM. M. 4g 238). Trimeirio pyramids; d:6:o 
si:*61^*61. May be distilled. Cono. KOHAq 
tnmsiho orystals blue, and on boiling forms tri* 
ehloro-phenol. Hot cono. H,SOg giyes tri-chloro* 
phenol and tetra-ohloro-qninone. 

Pesta-ehloro-phenol C«Clg(OH} [188*^. 

PormatienL —1. By the action of chlorine on 
an alcoholU solution of tri*ehloro*phenol, cbloro* 
ififttin, or di'ChlorO'isatin (Erdmann, /. pr. 22, 
272; Lanwnt, A. CA«» j[83 8, 497).—2. From 
phenol and chloride of iodine (Sohdtzenberger, 
Bl. [2] 4p 102).—8.»By patsiog chlorine into a 
mixtora of phenol or tri*chloro>phenol and 
SbCS. at 200° (Men a. Weith, B. 8 , 458; Bene- 
dikt a. Schmidt) M. 4, 606).—4. Obtained by 
hedting hexa-ehlorO'bensene with a glycerin sola* 
tion of NaOH at 250°-280S Proper^.—Sub¬ 
limes in long iriiite needles. BDlOg fOnns tetra- 
ehlonHiiiinoDa. PClg gim GgOlg. 

8altt.-O.CagONa.-KA'd—AgA'. 

Methyl $tUr OgOlgfOMs): ri08<^t long 
white neeolM; ▼. sol. aloohol; lubninabis. 

Aeeiyl derivaiiv 0|CS|(OAo): [148^; 
fine white needles; r. soL alcohol; sublimable 
(Weber a. Wolff, Be 18,836). 

Bichloride 0.ag(OH).Cl, [78i°-8(n 

Yqrmed in the chlorinatioo of ohobiofo-acetanil* 


ide in acetic acid (Beilstein, B. 11,9182). Largs 
colourless pillars. Difficultly soluble in 50 p.o* 
acetic acid, easily in CHOlg, CSm aloonob 
Ac. Alkalis decompose it entirely. On heating 
with alcohol pei;-ehloro-phenol ig forme^ 

Hexa-ehlorc^henol OgOlgO. [46°]. Formed 
by passing G1 into a solution of peQta<ohIoro- 
phenol in dilute HCl (Benedikt a. Sohitaidt, M. 4, 
607). Golden-yellow crystals; gives off chlorine 
on heating. Tin and HCl re-convert it into 
penta-chloro-phenol. 

Dichlorido 0*01,0, [101^1. Formed by 
chlorinating penta-chloro-phenof in acetic acid 
solution (B. a. S.). Prisms (from ligroin). 

Eexa-chloro-phenol 0X1*0. [106°]. From 
penta-ohloro-aniline by chloriqati(^ in acetic 
acid solution (Danger, A, 215,122). Yellowish 
prisms (from ligroin). 

Per-ohloro-diphenol #. Ooto-obijObo-dI'OXT- 

DIPHENTL. 

o-CHXOEO.PHXHOL (7).8irLPH02a0 AWID( 
CgHjClSOg <.e. C,H,Ci(OH)SO,H^Fromo-chloro- 
phenol and fuming H,S0* (Kranms, A. 173,3311. 
Small colourless plates or cubes (containing aq). 
T. e. sol. water and alcohol. It begins tp de¬ 
compose at 80°. Fe^Cl* colours its solutions 
violet. HNO* forms chloro-di-nitro-phenol 
( 111 °]. 

Salts.—KA'iaq: S. (of KV) 14 at 9°.— 
EjCgHjClSO* 3jaq: deliquescent laminie. — 
NaA'aq. — NajC*H*ClSOq siq. —CaA'^aq.— 
CaCgHs^SOgd^aq: efflorescent crystalline 

aggregates; S. 38 at 12°.—BaA', l|aq: granu¬ 
lar aggregates of crystals. — PbA', 4aq. — 
PbC*H,C180< aq.—CuA',4aq: bluish-green tri- 
metric prisms. 

o-CMoro-pnenol (8).ralphoiiio acid 
0*H,C1(OH)SO*H. Formed, toother with the 
preceding, when the sulphonation is effected in 
the cold by fuming H^SO* (1 pt.) mixed with 
cone. H^SO* (14 pis.) (£.).—KA': small platea 
CaC*H,ClSO* 2aq: small needlee; 8. 2*25 at 
11 °. 

o-Obloro-phenol (/3)'Snlphonic acid 
0*H*Clf0H)S0,H. Obtained, in small quantity, 
in sulpnonaiing impure n-ohloro-phcnol (Peter¬ 
sen a. Baehr-Praderi, A, 157, 129). Potash- 
fusion gives pyrogalioL Fe,Gl* colours its 
neutral solutions violet. HNO, gives chloro-di- 
nitro-phenol [81°].—KA': stellate groups of 
short prisms; less soluble than potassiom 
j^-chloro-phenol sulphonate. 

c-Chloro-phenol (a)-talphoiiio acid 
0*4c 1(0H)(S0,H). [76°]. From jp-ohloro- 

phenol and fuming H^SO* at 100° (P^rsen a. 
Baebr-Praderi, A.J57, 121). Glittering plates 
(mntaihing a^. Begins to dewmpose at 100°. 
^ves a bluish-violet cp^ur with Pe,01*. Pot¬ 
ash-fusion gives pyrogalioi and^ trace ofmydro- 
quinone. HNO. forms chloro-nitro^henol snl- 
phonic acid (Arfnstrong, B. 7, 404) and ohloro- 
di-nitro-phenol [8i°]. • 

Salts.—KA'2aq: flat monoclinis prisms: 
8. 10’8 at 20°; 44*8 at 100°.—KA' aq.— EA^ 
(from alcohol): needles. — NaA': groups of 
needle8,-LiA' aq.-NH A' J t2|0'=5.-BaAV— 
BaO*H,ClSO* 3aq.—CaA', 3sq^ easily sdobls 
needles.—M^'i6aq: imalT flat plates of 
needles.—CoA', 6aq: grsesisb-white needles, f, 
S. Bol. water. 

Kthyl dtrivativ* C*H,CJ(OEt}»SO*H. 
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0ftH.-->KA': ftallaU groups of needles. 

OhlorO'phenel disnlphonic acid 
OkH,Cl(QH)(SO,H)3 [4:i:6:2]. Formed, together 
with di-^oro-pbeiiol sulphonio acid, by beating 
tri-ohIiin>*pbez^ with KjSO, at ITO” (Armstrong 
a. Harrow, 0. J. 29, 474). %?be same acid 
appears IS) be formed by aulphonating p*ohIoro« 
phenol at 100° (Petersen a. Baebr-Pr^eri, A. 

1167, 163). Ckme. HNOj forms ohloro*di>mtro* 
phenol [81°]. 

Di>ebloFO-pbeaol sulphonie acid 
0,H,01,(0H)(S9.H) [4;2 i 1:6). ^Prom (4,a,l)-di- 
ohioro'phenol and C1S0,H [43°] (Armstrong, 
C. /. 26, 981. Formed also by oblorinating 
phenol O'Salpnonio acid; and by beating tri- 
chloro-phexA»l with E^SO, at 170^ (Armstrong a. 
Harrow). HNO, (S.G. 1*36) forma di-chloro- 
nitrO'phenol [121°]. 

Di-ebloro-phenol iinpbonio acid 
CA9l^(OH)(SO,H) [2:6:1:4]. Formed by ohlo- 
tinating phenol p-sulphonio acid (Kolbe a. 
Ganbe, A. 14^0) and by snlphonating (2,6,1)* 
^•obloro-phenol. Deliquescent triroetric tables 
or prisms. HNO, forms di-ohloro-nitro phenol 
and ' obloro-di-nitro-phenol [111°] (Faust, Z, 
1871, 888; Armstrong, 0. J. 24, 1112).— 
BaA'2 2aq (dried at 100°). 

Tri cbloro-phenol sulphonio aoid 
0,HC1<,(0H)(S0,H}. From tri-chloro-phenol 
and GlSOjH (Arnwtrong, 0. J. 2.^, 97; cf. Ee- 
kul6, K. 3,238). Its aqueous solutions decora* 
pose with deposition of tri>ohloro*phenol. 

TBI.CHLOBO.PHFNOMALIC ACID 
0^H,C1,0, U CCVCO.CH:CH.COjH or 
CH,C(OH).Ca, 

I >0 (An8ohiitz,A-239,176). TW-cAIoro* 

CH.CO 

acetyUacrylie acid. [132°]. From benzene (80g.), 
HjSO, (1,200 g.) and water (600 g.), to whion 
KCIO, (120 g.) is sloirly (in 5 days) added with 
gentle shaking. The benzene is then separated 
and evaporaftd, the residue is extracted with 
water and the acid (6 g.) extracted from the 
water by ether (Carius, A. 140, 317; 142,131; 
Kekuld a* 0. Strecker, A, 223, 179). Quinone 
may be substituted for benzene. 

Prqper/tM.—Glittering plates (from water). 
May be sublimed. Is volatile with steam. 

Btaetienu. —1. Warmed with baryta it gives 
chloroform and baric maleate.—2. OomUnes 
with bromine in chloroform with formation of 
CCl,.CO.CHBr.CHBr.OO^ [97*6°]. This is si. 
sol. water, v. sol. alcohol, ether, and chloroform. 
Boiled with lime water, it gives chloroform and 
inactive ealoio tartrate. 

Theory of Formation.-^Eekuld 6|p>poB6s 
that it is produced from chloio-qaihonerand if 

(X)<^®Qpj>COtheooiiT«r,ion 
ofUintoCOC^^OHsOOajMnot appear 

Ter/ difflenlf to nnderetand. 

OBLOBO-PHXHOXT-AOinO AOID 
C,H,C10,<^. 0,H,aO.OHrCO,H. [1»8»]. From 
pbenon.ao,}io aoid br snooeaniTe treatment 

FOI, and enter (Mio&ael. /. pr. [8] 85, »6). 
nimetrioprimudlrom water). 
o-oButM-Dimrsn. o,aoi u 

0,H..OA01 [S:IJ. [Sd"). (S«7»). Formed, to- 
gether with the p-ieomeride, I7 pauing ehlorint 
into dipban/l miaed with BtCl, (Xtlatn, 4. 


189,143). Monoolinio oryatsls; t. aol. ligroln. 
CrO, giTOi o.ohloro-benaoio aoid. 

m-Cbloro-diphenyl 0AC.H,01 [8:1] ? pg*]. 
Formed by heating aH,OK with oaloiom 
m-ohloro-benzoio aoid (Pfannknoh, /. or. 1818. 
106). r" iJ". 

pCbloro-dlpbenyl 0,H,.0A® W:!]- [T6”]. 
(282’). Formed by oblorinating mphenyl (». 
ewpro) or by treating p-oxy-diphonyl with PCI. 
(G. Sohnltz, fl. 7, 62). Thin plates (from 
ligroln). Smella like oranges. May be oxidised 
top.omoro.benzoic aoid. ■ 

Dl-p.chloro-dipbeByl[4:l]OACI.O,H,Cl[l;4]. 
[148“]. (0. 817“ o<*.). 

Formation,—!, Amongst tSe prolnots of tho 
aotion of PCI, on di-p.oiy-diphenyl (Schmidt a. 

Sohnltz, B, 12, 494; A, 207, 339)_2. From 

di-amido-dipbsnyl (benzidine) by displacement 
of NH., by Cl through the diazo- reaction (Griees, 
Tr, 1864, iii. 730); t.g, by heating tetrazo-di- 
phenyl with a large excess of HCl; the yield 
Deing 16p.o.of the theorotioal (Gasiorow&i a. 
Wajiss, B. 18, 1941).—8. By oolorinating di- 
phenyl (Kramers, A. 189, 138, 145).—4. By 
passing chloro-benzene through a red-hot tube. 

Properties. —Prisms or needles; insol. water, 
si. sol. alcohol, T. sol. ether. CrO, gives p-ohloro- 
benzoic aoid. 

Penta. ohloro. diphenyl 0„H,0I,. [179“]. 

Formed together with other pn^uets by the 
aotion of PCI, on di-p-oxy4iphenyl (Schmidt a. 
Schultz, B. 12, 495; ef. Doobnsr, B. 9, 130). 
Long needlez. Sublimable. 

Por-ohloro-diphenyl O],0t,. Prepared by 
exhaustive oblorinatioivot diphenyl in presence 
of 'SbCl, or iodine (Bno9, B. 9,1491; Weto a. 
Sollseber, B. 16, 882; Mere a. Weith, B. 16, 
2881). Formed also by exhaustive chlorination 
of ditolyl (Merz a. Weith, B. 12,677), benzidins, 
oarbazole (Zettor, B. 10,1233), and phenanthra- 
quinone (Merz a. Weith, B. 1$, 2871). Long 
tables or prisms. Does not melt below 270’. 
V. el. sol. aloohol or ether. Not attacked by 
SbCl, even at 850“. Aloobolio NaOB at 150^ 
gives 0„C1,(0H)... • 

a4;HLOBO-FH£NTL.AC£TIO AOIl) 0,H,C10, 
i«. OA-OHC1.CO,H. [78“]. 

Formation. — 1., From mandelio acid 
0ACiH(0H).00,B and HOI' at 140° (Badzis- 
zewski, B. 2, 208).— 2. From benzoic aldehyde 
by conversion into PhOH(OH)CN by SON and 
HOI, the mandelo-nitrile being then treated with 
HCl (Spiegel, B. 14,2357 B. Meyer, A. 220,41). 
8. From C,H,.CH:OH.NO, .and fuming HCl at 
100“ (Priebs, 4. 225, 337). • 

Broperfus.—Trimetrw tables; tL eoL sold 
water and ligroln, t. e. eid. aloohol and ether. 
Sodinm amalgam eonverti it into pbenyl-acetio 
aoid. Boiling aqaaona KOH forms mandelio 
aoid. Bbenyl-hydKzine forms benzylidens- 
phenyl-hydraaine OAilH:N,HPb (Beissert, B. 
17,1452). The ealts ate nnstabls. 

Methyl ifktr MeA' (848° oor.). Oil (Meyer 
a. Boner, B.^4,8898). 

tMlhloro-phesylaeetieaoid OAi^CEHrOOA 
[104°]. Kepared by saponilleation of tha nitrile 
(Nenhof,4.U7,846i daekions.Field,F,4m.4. 
14, 68). Alio by tteating phenyl-aisetis aoid 
with 01 in wnilune (Badiiazewski, B. 8,808) 
Long nesdlet (from water). T, ad. bmxene, 


ne 
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water, kloohol, mi ether.—AgA': curdy mass.— 
CftA.** Me 

imi«eO,H,aOH,CONHr [176^. Tables 
(two •loohol). V. 8 oL alcohol and other, si. sol. 
hot water. ^ „ 

mtrilt C^,aC]!40N. pn. From p- 
ebloro-beuzyl bromide by heating with alcoholic 
KCy (Jackson a. Field, Am. 2, 88). Prisms j 
•ole alcohol and ether. 

jOUaechloroephenyhaoetio acid 
C.n..CGL.CO^. [68°]. Prepared by the action 
Ofpfc Ij on phonyl'giyoxyUo ether and subsequent 
aaponiBoation (Claisen, B* 12,630). Small tables. 
V. sol. water, alcohol, and ether. 

Sthyl etUy AfEt. (263°.266«>). 
NitriUCMi^OarOB. (224°). From benzoyl 

*^^li*CHL^‘-iHENyit-ACETJC ALDEHYDE 
CA-CCl,.CHO. (296°). From chloral, benzene, 
and A1,CL at 70°. The product is treated with 
water anu fractionally distilled in vacuOt when 
the compound C,Hj.CC34.CHCI(0^) passes oyer 
at 180°. By the action of KOH it is converted 
into the aldehyde by removal of HCl (Combes, 
0. B. 98, 678). Liquid. Reduces Fehling’s 
solution and combines with NaHSO,, although 
with difficulty. Benzene and Ai^Gli convert the 
aldehyde into tri-phenyhmethanc. 

CHIORO - PHENYL - ACRYLIC ACID o. 
CHLOBO>CmK&UIC ACID. 

CELORO-PHENYL-AMIDO-CHLORO-NAPH- 
THOQUIKONE «. CfliiOao - kaththoquinonb • 

CHLOBO-AKILIDE. 

CHLOBO-PHENYL-AMIDO-HYDRONAPH. 

THOararONE 0,«H.,C1N0, U. , , 

C,;H,a(OH),(NHPh). [171°]. From ohloro- 
naphthoqninoae anihde and cone, aqueous SnCl, 
(Knapp a. Schultz, A. 210,190). 

Acetyl derivative [169°]. _ 

CHLOKO-M-PHEim-Dl-AMIDO-HYDEO- 
(lUlH01tEC„H„ClN,0,i.«.C,HCl(0n),(NIIPh),. 
From ahloro-di-phenyl-di-amido-quinoue, oonc. 
SnCSjAq, and idcohol (Knapp a. Schultz, A. 210, 
181). Slender needles. Decomposes about 
223°. .Beadily ozidised to the corresponding 
qninone. 

IH.ushloro.ai- phenyl- di - amido-hydroquinone 
0„H„01,N,0, «.«. C,Cl,(N5Ph)j(0H),. Formed 
by boiling dS-ohlbro-di-phenyl-di-amido-qumone 
0 Cl,(KFhE),0, with oono. aqueous SnCI, 
(Knapp a. Schultz, A. 210,181). Slender needles, 
». soL water. Ozidation gives C,Cl,(NPhH),Or 
Boiling Ao,0 gives loBg needles of C„H„N,0, 

^^**SHLOBO.DIAtoSHni-M.j)-AlIIDO-TKI- 
FSEBTL-KBIHABE CA®-CH(C,H,.NHPh), 
Kot isolated in a pure itate. Formed by heating 
together diphenylsmine and pushloro-beM^de-, 
hyde in presence of KnCi*. On oitidation it gives 
a green dye-stuff (Kseswuiin, 3, 19,7,^6). 

TEI-CHEOBO-tKI-PHEH'n.-TBI-AMIDO- 
El PHEirn.-mTt-CABBlH01 V, Tai-CBiOBo- 

iRi-puBSUrBoaunLiMa. 

oiTTurTtn.PtrRirfL.AMIBO- ttHniOWEg v. 

Aa-iunza of CBLono-qonioKzo._ 

p-CHEORO-DI-PHEHyt-AimrE 

PhNHC,H,CL [74°]. Formed by tiMlmg diazo- 
tised «-amido-^-phenyl-s£tnino with cuprous 
chlorid^ (Iknta, i. 948. 286). Ising prisms. 
T, sL toL wat«,», lol othar, alo^ol, benzsne. 


petroleum ether. Tields a nitrosamina 
PhN(NO)C,H,Cl [88°], v. sol. alcohol and ether, 
which on standing with aloohoUo HOI is con¬ 
verted into the isomerio p-nitroso-onloro-di* 
phenyl-amine 0-H,(N0)NH0,H^i [169*^ green 
plates (from beiftene). 

Di - cMoro - di - phenyl - amine NHfO,H,C!l),. 
[80°]. From the benzoyl derivative and aloo- 
holio KOH at 160° (Olsus a. Sohaaro, B. 16, 
1286). Needles. 

BensopZdsritJnftoeNBz(C,H,01),. [163 ]. 
From benzoyl-di-pbenyl-amine by chlorination 
(0. a. S.; c/. Olaus, B. 14, 2368). Needles (from 
alcohol). 

Tetra-chloro-di-phenyl-amine NH(0,H,0!j),. 
[134°]. Formed by passing 01 iifto a solution of 
di-pbenyl-amino in HOAo (Gnehm, B* 8,1040). 
Prisms or needles. • 

Per-ohloro-tri-phenyl-amine N(C,C1,),. From 
tri-plienyl-amine by exhaustive ohlorinatioi) 
(Buoff, B. 9,1494). Needles (from benzene-alco¬ 
hol). * 

DI-CHIOEO-PHENYL-ANTHEAHOI, 

.C(C,H.C1). 

0,.H, AO i.e. _ )>C.H.01. [170°]. 

From (phenol- 

phthaliclcin chloride), acetic aoid, and zinc-dust 
(Baoyer, A. 202, 95). Needles (from alcohol). 
V. si. sol. alcohol; m. sol. acetone and ether, 
with bluish-green lluoresoence. 

Dihydride 

Bydrop^uinolphthalidin chloride. [56°]. From 
the preceding by heating in alcoholic solution 
with sodium amalgam (B.). Long needles (from 
CS])# 

PEE-CHLOEO-DI-PHEJITL-BENZEKE 
C„C1|,. Formed by exhaustive chlorination of 
di-phenyl-benzene by means of SbCl, (Merz a. 
Woith, B. 16, 2884). Ooloorless needles. >V. 
sol. hot nitrobenJene, si. sol. alcohol, ether, and 
acetic acid. 

Per - chloro - tri - phenyl - benzene C„01„. 
Formed by exhaustive chlorination of tri-phenyl- 
benzene by means of SbCl, (Merz a. Weith, B. 
16, 2883). Colonrless needles. V. sol. hot 
nitrobenzene, si. sol. ether, benzene, and alcohol. 
It is only sli^tly attacked by HNO, at 860°. 

CHEOEO-PHEHYE BENZYL OXIDE 
C,H,C1.0.CH,Ph. [71°]. From phenyl benzyl 
oxide and Cl in presence of HgO ^intenia, A. 
161. 338). Long needles (from alcohol). 

TBI-CHLOEO-llI.PHENYE-BDTAHE 
C,.H,.C1, t.« CH,.CHCl.CACHPh, [80°]. f 
(ether) 60; (alcohol) 2. JFrom tri-oblorointyrio 
aldehyde, benzene, and H,BO, (^epm B, 7) 1420). 
Monoclini^rimis (from ether -alcolfol). 

TBI-CHLOEOil-PHEHYL-BDTAHE DUtTE. 
PHONIC ACID C,,HA(SO,H), Ffom0j^,.01. 
and fuming H,SO, (Hepp, B. 

CHEOKO-DI-PHENYMer(-BDTYE AEOOHOE 
CClPhrCMe-OH. (239°). From l^nid acetone- 
chloroform, benzene,* and Al,41. (Willgarodt, 
jr.pr. [2]87,862), , 

DEchloro-phenyl-ferf-bntyi alsbhel 
OOLPh.OMe,OH. (217°). From aoetoM-eWo- 
roform, benzene, and A1,0L (WillgerodI •> Oa* 
nicser, /.fr. [2] 87, 867). Iiiqnid. 



CULOBO-DI-PHENYL-ETHYLEXE. 


117 


OBUBO-o-PHEHTIEKE-SIAUIHE 
C^,Cm,».«.C.H,01(NHJ, [4:2:1]. [72»]. From 
ohloro-w-nitro-benzene [39°1 bf reduction with 
tin and HC3 (Laubenheimer, £. 9,778). Laminse. 
Fe,01,%ive8 a tbd colour and a brown pp. 

Cbloro-m-pbenylene-diaminl OiH,Gl(NHJ, 
[4:3:1]. *[86’]. From ohloro-di-nitro-benrene 
[60°], tin, and HCl (Beilatein a. Kurbatofl, A. 

■ 197, 76). Needles (from ligroin). 

Chloro-p-phenyleno-diamine C„H:,C1(NH,), 
[2:4:1]. [lOS’S”]. From di-ohloro-nitio-anilino 
[188°], tin, and HOI (Witt, A 8, 146). Flat 
needles.—B'HCl: long needles. 

Di«ohloro*o*phenyIene*dismineG«H;^Clj(NH.j:t 
[6:3:2:!]. [CO'6'^. From di-ohloro*nitro-aniline 
[100®], tin* and HCl (Witt, B. 7,1604). Long 
flexible needles (from alcohol). 

I>i-ohloro-j>-phetty^ne«diamine C^H^CLINII.^), 
[6:2:4:!]. [!64°]. Formed, together with di- 
mothyhji.phenylene.diamiiio and di-chloro-di- 
%iethyl-j)-pheQyleno-diamine, by boiling nitroso- 
di-metbyl-aniliae with HCl (S.G. 1*2) (Mdhlau, 

B. !9, 2010). Colourless glistening prisms. By 
KjCr^Oy anu H^SO, it is oxidised to di-chloro- 
quinone [!59®]. The dilute HCl solution on 
treatment with chloride of lime yields di-chloro- 
quinone'di'Chlorimide [!34®]. 

Tetra.obloro.pphesylene diamine 
O.CLINHj),. [2!8®]. Formed by boiling quinone 
dichlorimidewitl^HCl (S.G. 1*2) (Krause, B. !2. 
6!). Bed needles (from dilute alcohol). 

11I.CHI0B0.D1.FB3:NYL£N£ XETOHE 
C„H,C1,0. [168®]. From di-ohloro-fluorenoby 
Cib, (Hodgkinson a. Matthews, C. /. 43,170). 

Dl.a.CHLOBO- FHBNTLEN £. DI. KETHYL- 
DI.MAtONIC ETHEB 0«H,(CH,CCl(CO^t)Ja. 
V. Exo-duchloro-xylylene-malwic etlier. 

TETBA-CHIOBO-FHENYLENE-DI-METHYL 

OXIDE C,C1,<^^>0. [218°]. V.D. 8-6 (calc. 

8‘9). From tetra-ohloro-pbthalio acid, HI, and P 
at 230® (Gfobe, A. 238, 331). Needles (from 
benzene). 

Ooto-ohioro-phenylene-di-lbethyl oxide 
0.a,<^^}p>0. [140°]. From tetraobloro. 

phthalio anhydride and PCljv at 200® (G.) 

Dl.CHI0B0.FH£KYL£k£.(a).KAFHTHYL. 
ENE-OXIDB 0.,H,CLO. [245®]. Prepared by 
the action of PCI, on pbenylene‘(a)-naphthylen6- 
oxide (Arx, B. 13, 1727). Fine white needles. 
V. sol. alcohol and ether, si. sol. benzene. 
TETBA.CSLOBO PHENTLEKE OXIDE 

C, C1,0 (?) [320®]. (above 360®). Formed by 
distilling potassium penta^ohloro-phenol G,Cl,OK 
(Mens a. Weith, B. 6,461). • Flat needle. V. si. 
sol. alcohol and ether. Not affected by PCI, at 
260®^r by sodium-amalgam. 

CSIOBO > BHEHTL . ETHANE o. Chlobo • 

BTBXL-BXNZXNS. « 

Chloro. di • phenyl • ethane C,4H„01 i.e. 
CHjOl.CH^h,. From di-chloro-di*ethyl oxide 
CH.jCl.CHC1.0Et, benzene, and H,SO, (Hepp, B. 
6,1439). Liquid. Splits np on distillation or 
treatment .with alcoholic £OH into HCl and 

Di.n-ohloro.4i*phenyUethane 
C,H,Of.CH,.CH,.C,H,OI. Di-cMoro-dibengyl 
[112®]. Formed by passing chlorine over a solid 
cake of dibenzyl (150 pts.) and iodine (1 pt.) till 
the cake liqneflet. This is distilled and the pro* 


duct crystallised from alcohol (Kade, J. pr. [2] 
19, 462). Glittering plates which feel greasy. 
Sol. alcohol, ether, and chloroform. Chromic 
mixture oxidises it to j>-ohloro-benzoio acid. 

(a)-Di*sa;o-ohloro*s-di-phenyl ethane 

G, H,.CHGLGHG1.0,H,. StHhene M-ckloride. 

[193*]. Formed, together >Tith the (^l-isomeride, 
by the action of PCI, on hydrobenzoin (Zincko, 
A. 198,129) and by the union of Cl with s-di' 
phenyl-ethylene (Laurent, B.J. 25,620). Formed 
also from isohydrobenzoin and PCI, (Ammann, 
A. 168, 67). Perhaps identical with the com-* 
pound [180®] which is formed by heating benzyl* 
idene chloride witlv copper-powder at 100® (Onu* 
frowioz, B. 17,635). - • 

Properties. —Silky needles (from alcohol), 
prisms (from toluene), or plates (0.). SI.' sol. 
boiling alcohpl. May be sublimed. Alcoholic 
KOH forms s-di-phenyl-acetylene (tolane). 
AgOAc followed by KOH gives isohydrobenzoin. 

(O)-Di -exo-ohloro-s-di-phenyl-ethana 
CJI,.CHC1.CIIC1.C,H,. Stilbene {&)^hloride. 
[94 ]. Fonffed as above. Thick tables. At 
200® it is partially converted into the (a)-iso> 
meride. 

Tri - chloro ■ $ • di • phenyl - ethane C„H, |CI,. 
[85®]. From s*di-phenyl-ethylene and Cl 
(Laurent). 

Tri-chloro-«-di-phenyl.ethaue CCl,.CHPhj. 
[64From chloral, benzene, and HjSO, 
(Baeyer, B. 5,1008). Small thin plates. Alco¬ 
holic KOH gives CPh2:CCl2. 

Tri-chloro-u-di-phenyl-ethane 
CH2CI.CH(C,H,C1)2. From di-obloro-di-ethyl. 
oxide CH2Cl.CHCl.OEt, chloro-benzene, and 

H. SO, (Hepp, B. 7, 1419). On distillation it 
gives CH2:C(0,H,C1)2. 

Tetra-ehloro-s-di-phenyl-ethane 

C,nyCCi^.CC\rCfiyTolaneteira‘Chlorid6.{l^% 

Formation. —1. From benzil and PCI. (Zinin, 
Z. 1868, 718).“2. A by-product in the pre¬ 
paration of benzotrichloride by chlorinating 
toluene (Licbermann a. Homeyer, B. 12, 1971). 
8. By beating benzotrichloride with copper- 
powder at 100® (Onufrowicz, B. 17, 833).—4. 
By heating benzotrichloride with beoJtene and 
copper-powder (Hanhart, B. 15, 901). 

Properties. —Trimetric crystals; sol. beni- 
ene, hot alcohol, an^ ether. ^ Gives a violet dye 
with dimethylaniline and ZhCl,. Alcohol and 
zinc-dust gives (o) and (i8) di-ohloro-di-phenyl» 
ethylene. 

Penta-ohloro-u-di-phenyl-ethane 
Ca,.CH(C,^,Cl)j. [106®]. S. (96 p.o. alcohol) 
10. Prom chloral, ohlombenzene, and HtSO, 
(Zeidler, B, 7, 1181). lilted needles (from 
ether-alcohol). Alcoholic KOH gives Cii^Cl^. 

CHLOBO-LH.FHENYL-ETHYLENE 
C,H,.GC1:CH.C,H,. ChlorostilbeM, Fromstil- 
bene di-chloride alcoholic KOH (Zinin, A» 
149,875). Oil • 

((i).Di.ohloro.#-di-phenyUthyl«tte 
OeH,.CCl:CCl.C,H,. Tolane - (a). di • Mjride. 
[143®]. Formed, together with the (A)-modiff- 
catioD, by the action of powdered zinc on an 
aloohoUo solution of tetra-chloro-di-phenyl 
ethane (Liebermann a. Homeyer, B. 12,1978; 
cf. Zinin, B. 4, 289); or of iron powder on an 
acetio acid solution of the same body (Laoho- 
wioz, B. 17,1165). Formed also by passing CA 
into a solaUoQ <4 <-di-phenyl>etbyUna ia ohlcno* 



118 


OHLORO-Dr-PHENYL-ETHYLEira. 


lonn. Both modiftoationi are also formed hy 
luaUag benao-triobloiide with oopper>powder 
(Hanhart, B. 15, 899), and bj heating e-di< 
phaii7l>eth7l«a6 with PCI, at 180^ (Limpricht 
a. Bfwwanert, B. i, 879), Trimetrio tables or 
prisms. 81. sol. alcohol. Alcoholic EOH at 
180'^ givaa «•di•pbea7^aoet7lene (tolaae). ^ 

. (/9)-lH*eliloro.s.di.ph6&yl>eth7le&e 
0 A.00i:G01.CaH|. Tolant • (8) • * chloride. 

Formed at above. Long needles. More 
Mlable in alcohol than the (a)-m6diflcation. 
The (a) usd (8) modifications can be partially 
changed into one another by distillation. 

l>i-ehlcr^*-u.di*phenyl.ethyiene CGl^:OPh^ 
[^1. Formed By passing Cl into ic-di.phenyl 
ethylene and distUH^ the resulting GGl,.CClPhf 

K . Formed also from OCls.CHPh, by 
^ with alcoholic EOH (Bseyer, B. 6,223). 
MonooUnic prisms (from alcohol). 

Di>chlor<HU-phenyl-ethyIene 
0^40li0H:CH.0,H401. [I70°j. Formed by pass¬ 
im 01 in excess into melted dii^^uzyl (Eade, 
/. pr. [2] 19» 466). Needles or plates (from 
alcohol). 

0i«onlero-tf4i‘pheayl-6thylen6 
JH,:G(O4H40)^ (283°). Formed by distilling 
OELCLCHjO^.Cl), (Hepp, B. 7,1419). 

xri-chlere-e-di-phenyl-ethylene OifH^Ol,. 
Two modifications are formed by treating s-di* 
phenyhacetylene (tolane) with PGlj (Limpricht 
a. Sonwanei^ B. 4,379). 

(a)-Modiiioation: [137°-145°]; needles. 
j8)«Modifieation: [150°]; prisms. 
Tetnuehlero^-phenyLethylene 
001,:0(CAC1),. (89°). From CC1,.CH{0,H4C1), 
ud alcohoUo EOH (Zeidler, B. 7, 1181). « 

••.TBl-CHiOBO-DI-PH£N7L.£THYLlB£K£ 

Buxnr£ c»4H|^,ci, u. cci,.ch(nhc,hj,. 

[101°]. Fom^ by the action of aniline on 
chloral (Wallach, B. 6, 251; A, 173, 277). 
Tabular m^stds (from alcohol). Insol. water. 
Decomposes at 150°. Boiling with alkalis forms 
phenyl earbainine.-~£^2H,PtClg (Amato, B. 9, 
188). 

bl>G^LOBO-DLFHENTL.OUANIBIN£ 
0„H„d4N, ut, NH:CuNH.C,H 4CI),. From 

S aeofis di-pbenyl*guani<line hydrochloride and 
(Hofmann, A. 07,147). Lawnse (from aloo- 
hol).-B,£M*tCl^- 

JH'Ohlera-di'phenyLgnanidine 
NH:0(NH.C^4C1),. [141°). From di-ehloro. 
dj|.phenyl*tbu>>nrea, PbO, and NH, (Losanitsch, 
Bl. [2] 32, 170). Neales. Perhaps identical 
with the preceding. 

Tri.p-eUoro<trijihesyl-gtianidine 
0,,H.4<^,<.e.C,H4Xaiji.C(NH.0^4Cl)y Formed; 
^ ao^g iodine to an alcoholic solution of di. 
ehloro*di*phenyNthio*ar6a CS(NH.04H4G1)21 
(Psilstidn a. Eurbatoff, A. 176, 51). Slender* 
needles (from CS,).-BW--B'HI; [256°].^ I 

^ I 

CkL0B0«DLPEXHTL>XST0VS «. Cblobo- : 

UMZOPBlXOn. 

CHL0B0.PHXBTL UBCAFTAV 
O^OLSH. [54°]. From ohloro-^nzene sol* 
imonio ohloside, sine, and dilate (Otto, 

A. 148,108). Fottr*sided trimetric tablee (from 
aleo^).-H0flH«C1.8)jPb: yellow pp. 

p>CH14>]S^a£inLim0APTEB10 ACID 

0,|Ht,0lN8O, U. 

O^.OO.NH.CMe(S.C.H.01),CO,B. [154°]. 


Found in the urine of a dog after it bad taken 
ehloro bensene (Ja£I4. B. 12,1092). Coloorlest 
leaflets or tables. V. tL soL ether,. ▼. soL 
alcohol. 

8 • OHIOBO. 8 - PHIN7I. • X£TEA0?ITU0 
ACID 0,4H,C10,ke.0,H4.CCI;CMe.C0jH. [116°]. 
From methyl-Uuzoyl-acetic ether, FOG!,, and 
POL (Perkin, jun., a. Caiman, C. J. 49, 159). 
Neemes, v. sol. alcohol, ether, benzene, and < 
HOAo, m. sol. cold light petroleum.—AgA'. 

OHLOBO-DI.PH£inrL.]CETHAK£ 
(CgH4)3CHGl. phenyl-carbeny I chloride, 

[14°). From di>phenyl*carbinol and HGl (Engler 
a. Bethge, B. 7, 1128). Decomposed by beat 
into HCl, tetra>phenyl‘ethylene, and tetra* 
pheuvLetbane (Anschiitz, A, 235,220). 

Dl-ohloro-di-phenyl-methane (C^JsCCI,. 
Beneophenoneehhride, (SQ6°i.V.). B.G. —1'236, 
From benzophenone and PCI} (Behr, B. 3,752). 
Liquid. Decomposed by distillation. Warm 
water reconverts it into benzophenone. EH8 
gives (C^HJ-^CS. Heating witlf silver forms 
Ph,G.CPh,. Aniline forms Ph,C:NPh. Di> 
methyl.aniline gives Ph2CH.04H4NMe, (Pauly, 
A. 187,198). 

Chloro4ri.phenyl.methane (CaH2)2CCl. Tri» 
phenyl carbinyl chloride. fl05°-115°]. From 
tri-phenyl-carbinol and POL (Hemilian, B. 7, 
1207). Formed also by the action of benzene on 
GOI4 in presence of Al^Cl, (k^riedel a. Crafts, 

A. Ch. [6] 1, 502). At 250° it gives HCl, tri. 

O.H4V 

phenyl-methane, and [ ^H.0aH4(HemUiaa, 

C4H4/ 

B. 11, 837). Hot water forma tri-phenyl-car* 
binol. 

D1 -CHIOBO - TBI. PHENYL - HETHANE 
CABBOXYLIC ACID (0,H4C1)2CH.C,H,.C0,H. 
[206°). From di-ohloro-ai*phenyl-phthiJide and 
boiling alcoholic NaOH ; the resulting 
(C4H4Cl)2C{OH).GaH4.C02H being /educed with 
zinc-dust and aqueous NaOH (Baeyer, A, 202, 
84). Six-sided tables (from alcohol). Cr0| 
gives di-obloro-phenyl>oxantbranol. 

Tetra.ehlorc-di.phenyl-methana carboxylic 
acid V. Ts'rBA-OBX/)BO-o-BBNZTL-OEMZoia 10x0. 

DI.CHL0B0.DI.PHEHYL-UETHA1IB 8DL. 
PHONIC CHLOBIDS C„HaS204a4 U, 
CCL(C,H480,Cl),. [129^ From C0(CaH4S02Cl), 
and rCl, (B^kma^, B* 8, 882). Amorphous; 
si. sol. alcohol. 

TETBA- CHLOBO-BX.PHENYt- MS7HTL. 
AMINE C42H,NCl4 (CaHjCD^NMe. [97°). 
Formed by passing Cl into a solution of NPb,^c 
in HOAo (Onehm, B. 8,1040). Priuns. 

CHI>OBO.FH£ATL.KXTHTI.-KXIOXK «. 
CaLoao-AOSTOPHXMotni. « 

OI CHLOBO-PHEina-OXAIlIO MBUlr 
O.H,C1,NH.CO^.^. [m»]. 8. 'i24 25*. 

Prepared b; boiung (atra-ohloto-oxanilide (4 gr.), 
alcohol (126 oo.) and KHO (6 gr.) Idt 10 nunutea 
(Dver a. Mixter, Am. 6, 864). White fibrea, 
Bol. aloohol and ethar. KHO aolatioa girat di- 
chloro-anilina [68°]. 

Salta.—KA'; vhiia hahr-lik«jflfiraa. 

TETBA4!EU>ItO-])I-PEBm-OXAllIDI 
0,O,(NH.CJB,Cy, (1:2:4). Tetra-ohloto.oxana. 
ide. [o. 266°). From oxanilide bj oblorination 
in HOAo (Dpat a. Mixter, Am. 8,848). Whit, 
fibree. 
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Dl-OHLOBO-PHSHn-OXABIES&NOl^ 
0^„C1A CO<gj]^|(3,>C(OH).C,H.01. 

phenol-phthalid^Cn<hlorid€. [166*^. From d!- 
oxT'phfiDvl'Oxuithranol (phdnol - phthalidein) 
and m. ftt 120» (Baeyer, A. «03, iOO). Silky 
needles worn alcohol). 

OELOBO.FHEirTL.PHOBPHOBIO ACID 
0,H,ClP04i.«.C,H,OlO.PO(OH)j. [81®J. Formed 
together with n^'Obloro-benzene by treatment 
of phenol p^smphonio aoid and FCl^; the result¬ 
ing 0*H4Cf.0.]^01j being deoofciposed by water 
(Kekal6, B. 6. 877 ; 6, 944).~BaA". 

Okforide 0,HAO.POCl-. (266°). 
p-OaXOBOPHBNYL PHTimiHlDB 
0-0 , 

[194®-195° uaoor.]. Pre- 

pared by heating p-chloro-aniline with phthalio 
aanhydride (Gabriel, B. 11, 22G0). Long fine 
needles, ftoh^hot alcohol, Gfliat and acetic 

*°*a.CH10E0.o.PHEKYI..PK0PI0NIC ACID 
C,H,C10, ».«. CH,.CClPh.CO^H. Chloro-hydrO‘ 
atropic acid [73°]. From atrolactic acid and 
HCl in the cold (Merling, A. 209, 19). Small 
prisms, m. sol. hot water, el. sol. cold water. 
Volatile with steam. Attacks the mucous mem¬ 
brane. Deoomp(^cB at 110°. Boiling alkaline 
carbonates form no styrene. 

0-Chloro-a-pheByl-propionio acid 
CHjCUCHPh.COjH. Ghloro-hydratropic acid. 
[89°]. Possibly identical with the preceding. 
Prepared by the action of HCl on the cyan- 
hydrin obtained from acetophenone and HCN 
(Spiegel, B. 14. 235). From tropic acid and PCI, 
followed by water (Ladenburg, A. 217, 77). 
Formed also by the union of atropic ^id with 
fuming HCl at 100° ^erling, A. 209, 3). Colour¬ 
less prisms. Sol. aioohol, ether, and benzene, 
si. sol. water and ligroin. On boiling with 
aqueous NaOH it gives atropic acid. On heat¬ 
ing with Ma,CO, solution to 130° tropic aoid is 
formed. Boiling aqueous NasCOi forma tropic 
aoid and a little styrene. 

o-Chloro-jS-phenyl-prcpionio aoid 
C,H,Cl.CjH,.COgH. 0‘Chloro-kydrocinnamicacid. 
[07°]. Needles or plates. Formed by reduc¬ 
tion of o-ohloro-oinoamio aoid with HI and P 
(Gabriel a. Herzberg, B. 16, 2037). 

m-Ohloro-A-phe&yl-propionio aoid 
C,H,C1.C..H4.G0^ m^Ohloro-kydrocinnamie 
o^. [76°]. White easily soluble plates. Formed 
by reduction of m-obloro-cinnaimo acid with HI 
andP(G.a.H.). 

. p-Chloro-phenyl-propiome aeid, s 
C,n^C,Ht.COM. p^Qhloro•hydrocinnamic acid 
[124^. Formed ^ leduotion of p-ohloro-oin^ 
namio aoi# (G. a. H.). 

8-Ohlero-O-phenyl-propiosil acid 
0,H,.CHCllOH,.CO^. [126°]. From O-oxy-O- 
pbenyl-propionio acid and fuming HCl (Glaser, 

A. 147, 96). Very slowly formed by combina¬ 
tion of cinnamic acid with HCl in cone, aque¬ 
ous solutidh yplrlenmeyer, B. 14,1667). Lamine. 
Split up by into HCl and oinnamio aoid; 
and by aqueou Na,CO| into OOg, HCl, and 
styrene. 

a^-Bi-ohloro-jS-phenyl-proplonle aoid 
C«H,.0H01.GHCl.CO,a [164°]. White plates. 


Formed leading 01 Into a OS, solution of oin- 
namio aoid. With aqueous Na,GO, it gives #• 
ehloro-styrene (Erlenmeyer, B. 14,1867). 

{Py, l)-0HI0B0-(Py. 2).PHSirYL.X80«TrHI. 

yOGl:OPh 

OLiNB o,;h,.oin U 

Obtained by reduction of (iV* l:4)-di-Qhloro-(Py. 
2)-phenyi-isoqninolme with HI and P. Glisten¬ 
ing pillars. Salts.'-B'HOl: small thick ctys- 
tals.—B',H,CI,PtCl,: orange yellow needles (Ga¬ 
briel. B. 18. 3475). 

(Py. 4) • Ohloro- (Py. 2) - phenyl - Isoqninoline 
, yCH:0Ph 

C„H„C1N < 4 . C,H/ } , [78,°]. Prepared 

'^OhN 

by boiling (Pp, 4)-oxy-(iV.2)-phenyl-isoquinolin6 
jisobenzalphthiuimidine) with POCl, (2 pts.). It 
18 also formed by heating the same compound 
with PCI, at 100°-130°. Flat pointed needles. 
Sol. alcohol, V. sol. benzene, ether, petroleum- 
spirit, ohloroform, and OS„ insol. water. Heated 
with HI andeP at 170° it is reduced to phenyl- 
isoquinoline (Gabriel, B. 18, 3473). 

{Py. l:4)-bi-eUoro-(Pp. 2)-phenyl-i8oquincl. 
yCChOPh 

ine C„H,01,N w. ^ [163°]. Ob- 

tained by heating {Py. 4)-oxy-(Pp. 2).phenyl-iso¬ 
quinoline (isobenzalpbt^limidine) with PCI, at 
100°. By boiling with HI and P it is reduced to 
{Py. l)-ohloro-(i^. 2)-pbenyl-iBoqumoiiDe [70°] 
(Gabriel, B. 18,3473). 

TBl- CHLOBO-TEX-PHSHYL ■ lUlSAKILIKB 
C,H,Cl.NH.C,H,Me.C(OH)(0,H,.NH.C«H,Cl),. 
Theo-, tn- andp-compounds are formed by heating 
rclsaniline with o-, m-, or p-ohloraniline in pre¬ 
sence of benzoic acid. They dye silk various 
shades of bluish violet (Heumann a. Heidlberg, 

B. 19,1992). 

BI-OHLOBO-BI-PHENYL SULPHIDE 
(C„H,01),S. [89°]. From ‘ thio-aniline» 

S(C„H,NH,), by displacement of NH, by Cl 
through the diazo- reaction (Krafft, B. 7,1165). 

Di-ohloro'dl-phenyl di-sulphide (C,H,01)38,. 
[71°]. From C,H,C1.SH and HNO, (8.G. 1-12) 
(Otto, A. 143, 111). Tables. Zinc and dilute 
H,SO, reconvert it into cbloro-phenyl mercaptan. 
CHLOBO-Dl-PHENYL 8ULPH0NS 

C. H,.S0,.CJH,C1. [92°]. (889°). From benzene 
Bulphonio chloride, benzene, and Al,01,; the 
yield is 87 p.o. of the theoretical (Beckurts a. 
Otto, B. 11, 2067; 19, 2418). Leadets. Insol. 
water; v. sol. hot alcohol. 

Dl-o-ehloro-di-phenyl sulphone (G3H401),S0,. 
[174°]. (360°). Formed*ip sulpbonating o-di- 
ohloro-benzene (Friedel a. Crafts, A. Oh» [6] 10, 
414). Crystals. 

bi-chloro-di-phenyl-sulphona 
(above 800°). Formed by chlorinating di-pbenyf- 
sulphone in diffusJd daylight at 100° in presenos 
of iodine (Otto a. Grubw, A. 149,160)^ Oil. 


ohloro-bentene and CI6O1H (Beckurts a. Otto, 
B. 11, 2065). Plates. H3SO4 at 150° gives 
ohloro-bensene sulphonio aoid. Sodium amal- 

S am in alooholio solution gives benzene, ohloro- 
ensene sulphonio aoid, and benzene sulphonio 
aoid* 
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CHURO-SHOnri-THIO-OASBAKICETHEB 
IVR,Cl.NBOS.OEt. [103°]. Formed by adding 
io^e to an alooholio solntlon of di-ohloro- 
di-phenyl-thio-'aiea (Beilstein a. Knibatoff, A. 
176,33). Needles. 

OXEIAR0.FEENYI.IHI0.CABBIMIDX 
C.H,(abNCS [1:2]. [IS"]. (SSO”). Cry^alline 
•olid, riepared by the action of P,0, on the 
eorresponding area derived from o-ohloro-nitro- 
benaene (Hohnann, B. 13,14). An iiomeride is 
ohloro-methenyl-amido-phenyl-mercaptan 

° c.H.<^^ca 

m-Chloro-pli6A7l*Uiiooarbiinide 0^4(C1).NGS 
[1:81. (26p^). Prepared by the action of P,Oj 
on the Gorreeponding area [122^] obtained from 
m>ohloro>aniline and CS, (Hofmann, B. 18, 13). 
Liquid. 

l>>Ohloro<phenyI-thiO'OarbimidB GaH 4(C1).NCS 
[1:4]. [46^. (260®). CrystalUne solid. Pre- 

par^ by the action of CS, on j)-ohloro-aniline 
and decomposition of the resulting di>chloro- 
phenyl-oiea (Hofmann, B, IS, VI; Beilstein a. 
Korbatoff, A. 176, 51; Losanitsoh, B. 6,156). 

l)I^>.0HL0B0.BI.?H£inrL-THI0-tJB£A 
0„H„C1^,S t.e. CS(NH.aH,Cl)*. [146®]. From 
o-chloro-anillne and CS, (Hofmann, B. 13,14). 

Bi-m-ohloro.di-phenyl'thio-urea [122®] (H.). 

Bi-f>^hloro-di*pbenyl<thio«area [168®]. S. 
^n CSJ -0264 at 13-7® (Beilstein, A, 176, 47). 
rrom p-ohloro-aniiine, €8,, and alcohol (Losa* 
nitsch, B. 5,156; Bl. [2] 32,170). Iodine acting 
on its alcoholic solution forms di-chloro-di- 
phenyl - urea, tiri • chloro • tri • phenyl > guanidine, 
chloro-phenyl thiO'Carbimide, and chloro-pheuyl* 
oarbamio etW. 

TBI-CHLOBO .PHEHTL-mYIt-ETHANE 
0ABB0Z7IC ACIB 0„H„G1A^«- 
C^C,a.CH(CCl,j.C.H,.COH. [174®]. From 
(CH^O.H^hCH.CCl, and chromic mixture (0. 
Fischer, B. 7, 1192). Tables (from alcohol). 
AUkalie give CH,.C,H,C(GCU.G,H,.GO.,H. 

BI • OHIOBO • PH£B Yl. TOLYL • KETONE 
OABBOXYUC ACIB v. l)i«cxiLOfto-TOLDYL-nEN- 

SOXO ACID. 

»41^B0-PHEHYL.T0IYt.U£THAN£ 
OHtCl.C,H|.CHrC,H,. A mixture of the o- and 
jh varieties of tMs body is one of the products of 
the action of bensyl chloride on water at a high 
temperature, the reactioh being as follows: 
20^s.CH,a-Ha + CH,aC,H,.CHyCeH5. The 
mixture on oxidation gives o- and j>-benzoyl> 
bensoic acid (8enf!, A. 220, 240). 

BI.pCHLOBO-Bl-P.HEinrLBBEA 
(C^,C1.NH),G0. A secondary product in the 
preparation of n>ol^d!ro>phenyl thiocarbimide by 
the action of PjO^ or of iodine on the corre* 
sponding thio-orea ^eilstein a. Kurbatoff, A. 
176, 46). Long noemes (from HOAc). Volati-1 
Uses at 270®. 

TBLCHIfOBO.PEIOBOftIUCIK C^,C1,0,. 
[129®]. Formed by passing chlorine ihto a solu* 
Uon o4 ^gbiorog^can in HOAc until the liquid 
ceases to give a red colour with wood (Webster, 
C. /. 47,428; Hazura a. Benedikt, M. 6, 706). 
Slender needles (containing 8aq). 4)ilute HNO, 
gives oxalic add. Chlorine, in presence of CCI4, 
fives chlorinated acetic aldehyde and tn>ohioro* 
toetio acid. When chloriqB is passed into an 
iqueouB sdntion of phlorogluoin there is formed 
^•chloro-aoetio adl 


I{$xa‘HydrideCtE,Cl,0^ [125®J* From 
hexa-bromo^phloroglucin dibromide, tin, and 
HGl (H. a. B.). Needles (containing 3aq). 
CHLOBO-PELOBONZ v. CHLOR(f<XYLO0UX* 

ttlcHIOBO,,'’HTHAIIC Aofb O^.OlO, i«. 

C, H.01(C0^), [4:2:1]. [148°] (0. a*b. j O. t. 
B.: 0. a. M.); [130°] (I.); [o. 184°] (K.). 

Formatwn. —1. By oxidation of («)-di'0hloro* 
naphthalene [135°] (A16n, Bl. [2] 86, 434), of 
ohIoro-(C)°naphthol (Clausa. Dehne,B. 15,820), 
of the two ohlovo-toluio acids [130®] and [166®] 
(Kruger, B. 18, 1758), of (* j9’)*di-ohloro°(a). 
naphthoquinone (Glaus a. Muller, B. 18, 3076), 
and of <^loro-di-ethyl-benzene (Istrati,'A. Oh. 
[6] 6, 413).—2. By saponifying Jhe chloride 
which may be formed by the action of l^Ci, on 
the tri-cliioride of sulpho-phthalio acid 

0<gQ'>0,H,.SO.,Cl (ft6e, A. 233, 236). 

Properties.—Small needles. V. sol. water ai^d 
alcohol; m. sol. dilute HCl,chloroform, andCSs, 
si. sol. benzene, insol. ligroin. ^With resorcin it 
gives a chloro-huorescein. 

Salts.—ICjA": largo needles, v. sol. water.— 
BoA": amorphous; si. sol. water.—BaHjA",: 
small needles, si. sol, water.—CaA": scales, si. 
sol. water.—AgjA": white pp.’ 

Anhydride CACl<co>0- [95°] (0-»• 

D. )i [97°] (O. a. B.; K.); [fl4°] (I.). Formed 
by heating the acid. Triclinio needles (by sub¬ 
limation). 

Atetkyl ether Me.A". [37®]. Needles. 
Ethyl ether EtA". [-20"]. (o. 803®) 

(Graebe a. B6e. C. J. 49, 528). 

Chloride C,H,CI<gQ‘>0. (276°ancor.). 
Liquid. 

Imide C.H,Cl<pQ>NH. [211°]. From 

the anhydride and NH3 (R^c, A. ^33, 236). 

c-ChlorO'phthalio acid GjH,Cl(CO^H)3 [3:2:1]. 
[184®] (G.); [ISU*] (K.). S. 2-16 at 14®. 

Formation.— By oxidation of ohloro-toluio 
acid [154®] with KMnO, (Kruger, B. 18,1768).— 
2. By oxidation of (7j-di>chloro Daphthalene 
[107®] with CrO, in HOAc (Guaroschi, Q. 17,121; 
B. 19,134). 

Propertis*.—Long needles; si. sol. cold, v. 
sol. hot, water \ v. sol. alcohol and ether. Gives 
the anhydride ou melting. Heated with phenol 
and cone. it gives a phthalein which dis* 

solves in alkalis forming a violet solution. 

Salts.—BaA^aq : long silky needles, v. sol. 
cold, si. sol. hot, water. By boiling with water 
it is coavortpd into*an insoluble crystalline pow* 
der BoA" aq.—Ag^A": cjystallino pp. 

Anhydride O.H,a<“>0. ^ ‘[128°]. 

Needles (by sublimation). By chlorination of 
pbthaiio acid Auerbach (/. 1880,8,62) obtained 
an (impure?) phthalio acid [150®] whose anhy¬ 
dride melted at 148®. 

Bi. chloro > pbthaiio acid G«H3C1,(C03H). 
Formed by oxidation ci the tri-ohJoio-uaphthaf- 
ene [90®] (from (j8)-naphthol-{i^-di-6ulphonate 
and PGIJ, by heatmg with Alute HNO, (S.G. 
1*16) at 210®. Syrup. Could not be obtained 
crystallised although apparently pure. 

Salts.— The Na and £ salts are excessivoJj 
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sol wfttar.-'A^'Ba: ▼. lol amorphoas solid.— 
i"Ag,: white pp., nea^ insol. cold water.— 
VPb: iQQol. white pp. (C^os a. Schmidt, B, 19, 
9176). 

(Bj'^'Ohloro^hthalio aold OfCisH,(CO,H),. 
118°]. Formed by oxidation (A a ohivinated 
"naphthalAe (Graebe a. Le Boyer, A. 238, 3601 
V. e. sol. hot water, m. sol cold water or aloohoL 
Balts.-CaA"4aq. — 
BaA" 2aq. 

Bthers.-EtA" [GO^J.-EtHA" [76°-86«3.— 
El(NH,)A" • • 

Anhydride [o. 161°]. (340°). 

Chloride O^ClaHaOjOgCl,. [below 60°J. (c. 
814°). 

TetraeJtloMde CAH,0,001«. [117°]. 
(above 800°). 

Tmide OAH,OANH. [191°]. Reduced 
by Zn and HCl to cUohllDrophihalimidine [210°]. 

Di-chloro-phthalio acid 0^,01,(00,H),. 
[€83°]. Formed by oxidation of the dl-chloro* 
O'Xylene [4°] by^llute HNO, (Olaus a. Kautz, 
B. 18,1370). Formed also by oxidation of (‘ 3 ’)• 
(li-cbloromaphthaleno (Atterberg, B. 10, 647); 
and by boiling di-chloro-naphthalene tetra¬ 
chloride witn HNO, (Faust, A. 160,64). Prisms; 
V. sol. hot water, alcohol, and ether. 

Saits.—BaA"aq.~CaA"4aq; prisms, al. sol. 

Anhydride C,a,Cl,OA. [187°]. 

Tri-ohloro-phthalio acid OyHGl(CO,H).,. 
Formed by oxidation of tri-chloro-o-xyleno 
by dilute HNO, (Claus a. Kautz, B. 18, 1370). 
I-’ormod also by the action of cone. HNO, on (3)- 
pcnta-chloro-naphthalene (Atterberg a. Wid- 
mann, B. 10,1841). Yellowish-whitemaas; con¬ 
verted by heat into the anhydride. 

Anhydride [167°]. Needles. 
Tetra-chloro-phthalic acid OA(^0 -R)r 
[260°]. S. *67 at 14° ♦ 8-03 at 99°. 

* Formation.—h From (a)-penta-chloro-naph- 
thalene and dilute HNO, at 190° (Graebe, A. 
149, 18).—2. Together with ^nta-chloro-(a)- 
napbthoquinone, by oxidation of hepta-chloro- 
naphthalene [194°] with HNO, (1-6 S.G.) at 100° 
(Claus a. Wenzlik, B. 19,11C6J. 

Preparation .—Phthalic annydride (5 kilos.) 
is heated with SbCl., (80 kilos.) at 200°, and 
chlorine is passed in for 10 hours. The product 
is distilled (Gnohm, A. 238, 819). 

Properties.—Plates (from water). V. sol. al¬ 
cohol and ether, si. sol. benzene and chloroform. 

Reactions. —1. Converted by heat into H^O 
and its anhydride.—2. Calcium salt gives octo- 
chloro-anthraquinone (in small quantity) when 
distilled (Kircher, B. 17, 1170).—8. ijodiunt 
amalgam reduces i* in dilute aloohbUc solution 
to phthalic acid (Claus V Spruck, B. 16,1401); 
the reductiqp is better performed in aqueous so¬ 
lution, buthydroplithalicaoid and other products 
are also formed (Graebe, A. 238, 323).~4. HI 
and P at 2Su° give tetra-chloro-s-phenylene-di- 

methyl oxide, and some tetra- 

ohloro-phthaUAe The latter 

body is also produced by the action of sino-dust 
and glacial aoetio acid.—6. PCI, forma 

o.ci.<“'>>o»nac.ci.<gg|;>a 


Salta. — K^".—BaA 3^aq. —BaA', Siiq 
(Tuat, B. 21, 1682).-CuA"2aq.-Ag,A". 

EtfaeiB.-EtA" r60'6°l.—EtHA". [95»1.— 
Me^". [92°]. 

Anhydrid$ 0,0l4<^>0. [245»], 

ohorid* o.ca.<^^’.>o. [118^. (sse-) 

at 733 mm. From the aabydride and FOl. at 
220 °. 

Tttraehloridt C,CI,<;^}p>0. [140°]. 

Imide 0,G1,0ANH. From N£^ and the 
anhydride. • 

(y)-CHLO£O.ISO-PHTHAI10 AOIB 
C,H,01(CO,H),. [278°]. 8.-026 at 16°. 

Preparation. —A aolution of amido-iso- 
phthalio acid HCl is mixed at 0° with NaNO„ 
and the pp. of the hydrochloride of diazo- iso- 
phthalio acid ia gently warmed with HOI 
Crystallised from water (Beyer, /. pr. 183, 606). 

Properties. —Slender needles (from water). 
When dried 8ver HjBO, they contain water 
(^aq). V. si. aol. hot water. 

Salts.—The neutral potassium salt gives 
no pp. with solutions of salts of Ca, Sr, Ba, 
Mg, Zn, Mn, Co, Ni, nor with HgOl,. It gives, 
with CdSO,, bulky white pp.; Fe,Cl, light 
brown pp.; Fb(OAo), and AgNO„ white pps. 
soluble in hot water. OuSO,, blue pp.; 
Hg3(NO,)„ white gelatinous pp. A"K,: nee^ea 
arranged like ferns.—A'^Na^—A"Mg 7aq.— 
A"Ca2aq. S. 3 64 at 16°.-A"Sr aq. 8. -929 at 
16°.—A"Ba 2aq. S. lAl at 16°.—A"Od. S. *808 
at 16°.—A"Ag2. Gelatinous pp. Orystalliaes in 
smell needles (from hot water). 

Ethyl ether A'^t, [46°]. Short prisms 
(from ether). 

Chloro - tere - phthalio aoiA #• Chlobo- 

TBRBPHTHALIC ACID. 

BX-CHLOHO-FETHALIBS 
0,H,C1,<^>0. [122°]. From the chloride 

of di-chloro-phthalio aoid by 

reducing with Zq and HCl (Le Boyer, 3. 238, 
366). Also from nitroso-di-ohloro-phtbalimid- 
ine and alkalis. Crystals (from alcohol). 

Bi-ohloro-phthallde 

[1:4:&:6J. [163°]. Formed, together with df* 
chloro-(a)-nap]itboquinone by oxidation of 
chloro-naphthalene [68°];with CrO, and glacial 
acetic acid. Short prisms or fiat needles. Sol 
alcohol and ether, v. si. Bol.*«^ter. Sublimable. 
It does not react with hydroxylamine (Goar- 
eschlB. 19,1166). 

» Tetra-chloro-phthalide 

[208*6°]. Prom tetstohlorophthalio anhydride, 
glacial Ht)Ao and zino-dust (Graebe, A. 288, 
830). V. si sol oold alcohol; insol Na,0O|Aq; 
sol. boiling NaOH and reppd. by aoids un¬ 
altered. 

CHLOBO-PHXEALIHlBSo. Imufso/OHLOBO- 

PHTHALIO ACID. 

l)l-CHLO£0-PHrHAUlCn>IHE 
0.H,C1,<^^>NH’. P10°]. Fromdl-ohlMO- 
phthalimido, tin, and HOI (Boyer, A. 288, 866]^ 
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CrysUli (from oUorolorm). Gives a mtroso> 
denvative. 

TZT&A0HL0B0.DIPHTSAL7X. 0,;S«Ca40« 

✓ 0 —t- i.O V 

<.e.o,oi4^ ^0 o<^ 

the condensation of tetm^hloro*phthal^e and 
phthalio anhydride without the use of sodium 
acetate (Qraebe a> Guye,wl.238,245). Brownish 
yellow powder; insoL alcohol, glacial acetic 
acid and toluene; sol. chloroform, aniline and 
phenol. _ 

OBXOBOPHTIL—the peculiar substance to 
which the green colour ml leaves and other 
parts of plants is due—was first examined by 
I'elletier and Caventou, who called it chloro¬ 
phyll. From the chemist’s point of view it is 
simply an organic colouring matter, like indigo 
or alizaris. 

It is important to bear this in mind, since 
much confusion and misunderstanding have 
arisen from the term chlorophyll having been 
applied to distincttbings. Some Chemists under* 
stand by chlorophyll the sum of the coloured con¬ 
stituents of leaves insoluble in water, and it has 
accordingly been proposed to call that consti¬ 
tuent the colour of whioh inclines more to blue, 
Kyonophyllt while that constituent or group of 
Mnatitueuts which gives solutions of a yeUow 
or greenish-yellow tint should be named Xan- 
IhopkylU In works on vegetable physiology the 
t«rm chlorophyll is sometimes applied to the 
complex of substances contained in living green 
cells, which take part in the process of assimi- 
Utimt and of whioh the colouring matter con¬ 
stitutes a portion, and obemists, following this 
example in giving a name to the whole which 
should have been confined to one part, have 
been led to ascribe to chlorophyll properties 
whioh no mere ohemioal substance can possibly 
possess. In order to avoid confusion it should 
themfore be understood that in using the term 
chlorophyll we mean simply the substance—or 
it may be mixture of substances—to which 
the pure green colour of ordinary healthy leaves 
and Cl other vegetable organs, such as unripe 
^it, is due. The appearance in leaves of any 
colour other than green, such as red, yellow, or 
purple, would indicate tlv) presence of some sub- 
etanoe accompanying the chlorophyll and dis¬ 
guising its colour or even replacing it entirely. 

Cbmrophyll is invariably present in vege- 
taUe cells in which the process of assimilation, 
is. the formation ororganic matter from CO, 
and ^0 with elimination of O, is going on. 
Parasiuo and othAr plants, such as fungi, which 
obtain tb^ nutriment veady-formed from other 
organisms or from decaying organic matter, and 
do not decompose CO, in the same way as the 
majority M plants, coi|{am no chlovophyll. 
Plaints or ^oots grown in the darkofrom seeds 
or tubers are also devoid of chlorophyll; they 
grow at the expense of the matter stored np in 
the seed or tuber, and whan this is exhausted 
they die. The appearance of ^oropbyll in 
etiolated plants oo exposora to ught !n<hcate8 
the commencement of assimilatioQ. It is cer¬ 
tain, therefore, that ^oropbyll plays some part 
in the process of assinfilatioa, and that its 
presence U essential, bat how it acts fn assist- 
tfig ths process is unkoown, its physical and 


ohsmioal properties, so far as they are knows 
to us, afioniing no certain clue to the solution 
of the problem. In the green oell8„of plants 
the chlorophyll is found associated with ths 
protoplasmic constituent frofii whiebp it may 
be easily sepal'ated by treatment with alcohol 
or ether. The green oorpusoles seen & vegetable 
cells are in fact masses of albuminoid and other 
matters, permeated and tinged by chlorophyll, 
whioh is probably contained in a state of solu¬ 
tion in the cell and not as a soliA 

Physical a%d chemical prsperlun of chloro- 
pkyZl.—Considering the great importance of 
chlorophyll in relation to the process of assimi¬ 
lation in plants, it can hardly be a matter for 
surprise that it should very'* frel^uently have 
been examined. The literature of chlorophyll 
is very extensive, and^ comprises memoirs by 
physicists, chemists, and physiologists, some of 
them men of great eminence in their respective 
branches of science. Nevertheless, our kno^V- 
ledge of its properties, physical and chemical, 
is very scanty. The imperfect state of our 
knowledge of the subject is due to several causes. 
In the first place the quantity of chlorophyll con¬ 
tained in an extract of leaves, though the latter 
may be intensely coloured, is extremely small; 
secondly, chlorophyll is associated in the plant 
with large quantities of other substanoes, colour¬ 
ing matters, resins, fats, whioh accompany 
it on extraction with ordinary solvents, and 
from whioh it cannot easily be separated; 
thirdly, it is a substance whioh is very apt to 
undergo change, so that during any process of 
purification to which it may be submitted, it 
will almost certainly more or less altered; 
fourthly, chlorophyll, like mostsubstanoes which 
play an important part in the vegetable or 
animal economy, is certainly amorphous, and 
the freedom from impurity of any specimen 
must therefore always be more or less doubtfuL 
Some observers have described* bodies whioh 
they have held to be orystalUsed chlorophyll, 
but the writer u of opinion that these were in 
all oases products of decomposition drived 
from chlorophyll. Chlorophyll contains nitro¬ 
gen in addition to carbon, hydrogen and oxygen, 
but the percentage is certainly not large. It 
has been supposed to contain iron like the 
hsmoglobinof blood; after incineration a minute 
quantity of ferric oxide is indeed always found 
in the ash, but whether this is derived from 
chlorophyll, or from some substance or sub¬ 
stances accompanying it, is uncertain. The 
ash also contains calcium and magnesium 
phospl^ates, but ef these again it cannot with 
certainty be said that they are constituents of 
chlorophyll itself. Ohlorophyll may, be de¬ 
scribed os a neutral body, liks i^igo, having 
the properties neither of an acid nor a bate; 
in constitution it may resemble the fats or the 
lecithins, as suggested by Hoppe-Seyler. Though 
not itself a gluooside, it is uways found asso¬ 
ciated with a body having the characteristics 
peculiar to that claw, as waa firi^ pointed oat 
by the writer. ( 

Chlorophyll !■ insoluble in water, but soluble 
in alcohol, e^er, oarbon diaolphide and ethereal 
oiU. 

These aolutions show a lively green ooloof 
of great intensity, accompanied by a marked 
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red flaoresMnoe. The solationi show en ab> 
lorptioa speotrum which is quite oharacteristiOf 
and must therefore be shortly described. A solu* 
tiouof chlorophyll made by extracting freshgreen 
leaves wit6 lucohoPor ether is fouim, when very 
lark, to absiub nearly the whole s^otrum, only 
a narrow stnp of light at the extreme red end 
being visible. When the solution is made paler 
by the addition of moro solvent, the green of 
the spectrum begins to appear, a faint absorption 
band showing itself about the middle. On still 
further diluting, oilier bands znake*theirappoar« 
anoe in succession. When an average depth of 
colour hi reached the following absorption bands 
are seenA very dark band beginning close 
to the line B a%d dktending over C, followed by 
a second band between G and D which is much 
lighter, after which (Kinma a third stiU paler 
one beyond D and close to the latter, lastly, a 
fourth band is seen partly on B which is usually 
thd^faintest of all, but is sometimes as dark as, 
and even darker lhan the third ^see Fig. i.). 
Total obscuration begins about the line F. The 
four bands just described are usually marked 
with the numerals l.-IV. in accordance with 
the notation employed by Angstrdm, and are 
seen so (Kinatantly and invariably, when proper 
precautions are taken to have a solution of un< 
changed chlorophyll of average strength, as to 
constitute a certain Aest for chlorophyll, which 
may accordingly be defined as the substance 
which in solution shows this particular absorp¬ 
tion spectrum. It should be mentioned that 
there is a considerable amount of obscuration 
throughout the whole spectrum of chlorophyll 
solutions, excepting only at the extreme rod, so 
that the parts usually represented as white are 
in reality more or less darkened, and also that 
the bands, with the exception of band L, are not 
so sharply defined as 4he ordinary representa¬ 
tions would lead one to suppose in oonsequonco 
of the edges gradually shading oft. Opinions 
dinlr as to whether the same absorption spec* 
trum is seen when a green leaf is placed before 
the slit of a spectroscope, some observers main¬ 
taining that only band I. is diBCerniblo, while 
others say that all four bands can be made out, 
the only difference being that the bands are all 
shifted towards the red end, from which it has 
been inferred that in the plant chlorophyll 
exists in a state of solution, the solvent having 
a density greater than that of alcohol or ether. 
Betuming to the solution of chlorophyll showing 
the spectrum just described, let us now see what 
takes place on farther dilution. A beam of 
sunlight having been thrown on the slit of the 
spectroscope the solution is to be cdnsidirably 
dilutedvntii it becomes quite pale. It will then 
be found th|^ band I. having become narrower 
and p^er has left the line 0 altogether and 
taken its pl^e near B; band II. has become 
much narrower and paler, but remained in the 
same place, while bands III. and IV. have 
entirely disappeared. At the other end of the 
spectrum, however, two ]^le, iU*defined bands 
have made theif appearance, one being situated 
between F and O/^bo other on 0 (see Fig. u.). 
These bands are numbered V. and VI. Whether 
they belong to chlorophyll itself or to some 
other colouring matter accompanying it is un- 
•ortaiiir M one having as yet luooesded in 


obtaining a solution of chlorophyll in whiidi 
they are not seen, provided the solution it 
suffioiently dilate and is observed in sun-Ughl 
The writer is of opinion that the two bands 
belong to a yellow colouring matter (xantho* 
phyll?) always accompanying chlorophyll, from 
whioh tie latter cannot be separated. It is 
certain that all leaves contain a colouring 
matter, the chrysophyll of Hartsen (Bougarera 
erytbrophyll), whioh may be obtained in lustrous, 
orange-coloured crystals, and gives yellow sola* 
tiona, showing two distinct absorption bands at 
the blue end—not exactly in the same position 
as those just referred* to—but no trace of any 
band in the other parts of the speotram; the 
bands Y. and VI. may belong to a nearly allied 
substance. 

The absorption bands of chlorophyll solu¬ 
tions were first described by Sir D. Brewster, 
who was also the first to observe the red fiuor- 
esoence of these solutions. The bands were 
next examined by Stokes and Ingstrdm, by the 
latter of whom fliey were also correctly figured. 

: Many other observers have worked on the same 
field; among these the following may be named: 
Askenasy, Gerland and Bawenhoff, Hagenbaoh, 
Harting, Kraus, L. Liebermann, Lommel, A. 
Meyer, Micheli, Morot, Pringsheim, Bussell and 
Lapraik, Sacclise, Simmler, Sorby and Wiesner. 
The memoirs of Hagenbach, Kraus, Lommel, 
Pringsheim, Bussell and Sorby on the subjeot 
are especially worthy of study. It should be 
mentioned that some of the absorption spectra 
figured in memoiro on chlorophyll really belong 
to derivatives of the latter. Whenever in such 
figurqp band IV. appears rather dark and is 
followed by another dark band nearer the blue 
end, we may conclude that the observer has 
worked with a specimen of chlorophyll that has 
undergone some change. 

ProducU of decompontion of chlorophyll.-^ 
A solution of chlorophyll inolosed in a sealed 
tube and kept in the dark retains its colour for 
auy length of time, but in an open vessel, espe¬ 
cially when exposed to light, the colour dis¬ 
appears rapidly, only a faint yellow tinge re¬ 
maining; what is formed during this change, 
whioh is doubtless due to oxidation, is not 
known. , 

By the action of adds ohloropbyll under¬ 
goes a marked change, which no one who has 
worked with the substance can have failed to 
observe. When to an alooholio solution of chloro¬ 
phyll a small quantity oP sulphuric or hydro¬ 
chloric acid is a4ded, the colour of the solution 
changes at once from a briglet green to a dull 
yellowish-green or olive. Examined in the 
usual manner the speotrum will be found en¬ 
tirely altered; bands I. and IL have become 
more distinct from the clearing up of the space 
between th# two, banll III. appears much paler, 
sod band IV. much darker, than before. After 
the solution has stood for some time band IV. 
will be found to have greatly increased in in¬ 
tensity, while another dark band has made its 
appearance n^ar the line F just in front of the 
part where total obscuration begins. This U 
what has, not very appropriately, been oalled 
the absorption speotrum of acid ckhrophyU^ 
Mid is due to the formation of produots derived 
from ohlorophyU by a process the natof*. of 
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which is not understood. That this process U acetic acid, chloroform, benzene, and carbon di* 
not such a one as might admit of explanation sulphide. The solutions show an absorption 
bj BQpposing chlorophyll to have the constitu- spectrum with five bands (see Fjg. iii,). It 
tion of a salt, its acid constituent being expelled dissolves in concentrated CIH and SH^O^ giving 
by the addition of a stronger aoid, is proved by solutions of. a bright blue Colour, as^ is repre- 
the fact that if alcoholic poitash or soda be cipitated urKshanged by water. It dissolves in 
added in excess to a solution of oHlorophyll alkaline lyes, but is entirely chiioged by the 
which has been acted on by acids, the original action of the alkali. Its most interesting pro* 
bright green colour is not restored. To those perty is that of yielding by the combined action 
conversant with the decomposition of complex of acids, cliieily organic acids, and metallic 
Clinic substances, another explanation may oxides, such as cupric, ferrous and zinc oxides, . 
suggest itself, viz. that the change is due to compounds, the solutions erf which are bright 
hydimlysis in presence of an acid, accompanied green and closely resemble solutions of cbloro* 
perhaps by a splitting up of the same kind as pbyll not only in colour but in other respects 
that which glucosides undergo when acted on also. 

by acids or ferments. Bussell and Lapraik are Phyllocyanin is remark^bld* for its great 
pf opinion that the change is a molecular, not a stability; its solutions remain for a long time 
chemical one. Weak acids produce the same - unchanged whan eux'sed to light and air, 
change as strong ones, but only after some time. | whereas solutions oi chlorophyll are rapidly 
On the addition of a comparatively large quan* ‘ bleached under the same circumstances. Fhyl* 
tity of acetic acid to an alcoholic solution of , locyanin yields with alkalis and reducing agents 
chlorophyll, no change of colour is perceived at products which show abssrption spectra of 
firBt,nor isthe spectrum in au^ way altered, but great variety and beauty (see Pigs. v. and vi.). 
on standing the colour slowly passes over to ye\. t Vhylloxanthin resembles phylloojanin in many 
Vowish-green, and the same bands make their I of its properties, but is a less interesting sub* 
appearance as when a strong acid is employed. | stance. Its absorption spectrum shows only 
The same change frequently takes place when 1 four bands (see Fig. iv.). It will be seen that 
a solntioD of chlorophyll is left to stand in a I when the two substances are present together 
loosely-stoppered bottle kept in the dark; in in solution, the bands of phylloxanlhln will be 
this case the effect is probably due to the pre- concealed by those of phyvlocyaniu. 

Bsnee of some substance, an ethereal oil for On reading some of the older memoirs on 
instance, which by oxidation yields an acid of chlorophyll, suoli as those of Berzelius, Mulder, 
some kind. Some leaves, such as those of the and Fremy, it will bo evident that the authors 
vine and Virginian creeper, naturally contain worked not with chlorophyll itself, but with 
much free acid which, on extraction of the products due to the action of acids on the latter, 
leaves with alcohol, accompanies the (ihloro- It is probable that the chlorophyllan of Hoppe- 
phyll and changes it alter a short time. Seyler and the hypochlorin of Piingsheim are 

Id order to obtain the products derived from products belonging to the same class as phyllo- 
ohlorophyil by the action of acids, fresh green cyaninand pliylluxanthin. According toTsohiroh 
leaves are extiXM^ted with boiling spirits of wine; chlorophyllan is the fitist product of the action 
the liquor after straining is allowed to stand, of acids on chlorophyll, and splits up into 
so that a portion of the fatty matter contained phyllocyanin and phylloxanlhln when the ac- 
itt it may be deposited, after which it is filtered tion of acid is prolonged. This short account 
and a current of hydrochloric acid gas is pas.sed may serve to show that our knowledge of the 
through it. By the action of the acid a dark derivatives of chlorophyll is still very defective, 
bromish-green flocculent precipitate is formed, Chlorophyll in relation to plant life. —There 
which after standing is filterea off and washed can be no doubt that the presence of chloro- 
with alcohol. This precipitate contains two phyll is ncces'^ary during the process of assimi- 
pecuiiar colouring matters, which Fremy named lation by plants, but what part it plays in the 
phyllocyanin knA phylloxanthin,6Xon^ with im- process is unknown. It was at first supposed, 
purities of a fatty nature. The two colouring considering how powerfully the more refrangible 
matters are separated by Fremy’s method; the end of the spectrum is absorbed by solutions of 
mixture is dissolved in ether, and the solution chlorophyll, that it was especially the blue rays 
is shaken up with about a quarter its volume of that effected the decomposition of CO, and H,0 
concentrated whereupon it separates into within the cells. Thisidca was soon abandoned 
two layers, an eipper yellowish-green one con- in favour of anethcr theory, according to which 
taining pbylloxsnthin, and a lower bright-blue it i^ the {cd rays that are more active than the 
•one containing phyllocyanin. others in promoting* assimilation, tl^ being 

The phylloxanthin of the upper stratum^ is also strongly absorbed by^chlorophyll. The 
largely contaminated by fatty matter, from latest inves^gations make it prooatile that the 
which it cannot easily* be separated, but the yellow rays, which are ilie least al^orbcd of any, 
phyllocyanin from the lower stratum can be produce a more abundant evolhtion of 0, and 
purified and is obtained in microscopic crystals, consequeutly a greater amount of decomposition 
which tft generallv opaque, but when very of CO, and H.^0 tlian either the red or blue 
thin appear olive-cofoured by transmitted light, rays. Pringsheim is of opinion that chloro- 
The general properties of phyllocyanin have phyll acts simplv ds a screei^ which absorbing 
been described by the writer, but a few only of the less refrangible rays,m^erat6s the energetic 
■these can here be mentioned. Phyllocyanin is heating and oxidising action of the latter during 
% body entirely sui generii, resembling no other the process of assimilation. All that can be 
natural colouring matter. It is insoluble in positively asserted with regard to this part of 
water and ligroio, but soluble in alcohol, ether, the subject is that the colour, is. the alsorp- 
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dve power of chlorophyll has something to do phyllfarbslojfe, Stattgart, 1872; Eromeyer, 
with its mode of action. Zerlegung des Chlorophylls in tinsm blaiun 

It has Ijeen thought, and we often find it und einem gelbm Farbstofft Ar. Ph. 155, 1C4; 
stated in books, that chlorophyll has itself the L. Liebennann, Site, Tr,72,699; Iiommel, Ueh. 
power of ^b8orbii% CO, and evolving 0; at* d. VerhalUn d. Chlorophylls sum Licht, P. 143, 
tempts have even been made to pAve that this 608; Meyer, Das Chl^ophyllkom^ Leipzig, 
takes place fh oi binary solutions of chlorophyll. 1883; l^ioheli. Arch, d. Sc. de la hibl. univ. d. 
This is, however,erroneous; it is certain that the Mai 1867; Morot, Ann. das Sc. Nat. 

complex which physiologists call the cbloro- 3rd ser. 13, ICO; Mulder, Veber d. Chlorophyll^ 
phyll corpuscle, or simply chlorophyll, has the J. pr. 83, 478; Pelletier et Gaventou, Sur la 
power of decomposing CO, and H,0 with evoln- inaiUre veric dcs feuilles, A. Ck. 9, 194; 
tion of 0, but th^ any such po\^r resides in Pfaundlcr, A. 116, 87; Pringsheim, Untcrauch’ 
the colouring matter when dissociated from the ungm ilb. Lichtivirkung u. ChXorophyllfunctvm 
other constituents of the complex must be in- in d. PJlamen, Leipzig, 1881; Bussell and 
correct, since it is opposed to all that we know Lapraik, A Spectroscopic Sttuiy of Chlorophyll, 
of the obemictfi preperties of organic substances. C. 41, 8.34; Sochsao, Die Chem, u. Physiol 
List of the most important memoirs and d. FarbstoJJe, Leipzig, 1877; Schunck, Con- 
works on chlorophyll:— tributims to the Chemistiy of Chlorophyll, Pr. 

AngstrSm, Ueb. d. grftjie Farbe d. Pftanzen, 39,348,42, 184 ? Simmler, P. 115,603; Sorby, 
P. 93, 476; Askenasy, Dot. Ztg., 1867, 225; Comparative Vegetable Chromatology, PV. 21, 
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„ ethyl compound of the preceding. 


Berzelins, Untersuchu}tg d. Blattgrilns, A. 27, 452; Stokes, On the suppled identity of Btli* 
296; Brewster, On the Colours of Natural verdin with Chlorophyll, loith remarks on the 
Bodies, T. F. 12, 538; Chaut'hrd, E^moa spec- Constitution of Chl^ophytt, Pr. 18, 144; 
troscoTMue de la chlorpphulle, 0. P. 76, 108, Tschiroh, Untersuchungen Ub. d, Chlor^hyll, 
570, Id 31, 1066, 1273; Filhol, 0. B. 61,371; Berlin, 1884; Verdeil, Recherchee s. la mat. coL 
60,1218; 79^612t Fremy, Sur hz co2o- verte dcs feuilles, 0. R. 83, 689; Wiesner, 

rants verte des feuilles, C. R. SdtiOo', 61,188; Bemerkungen Ub. d^angebl. Besiandiheile d. 
Oautier, Sun fa chlor^hylle, C. R. 89, 862; Flora, 1874,278. E. S. 

Oerland and Bawenhoff, Becherches sur la CIUOBO-PICOIJEE v, OHLoao-usTBiif-rT- 
ehlorophylle, Ar, N. 6, 97 ; Hagenbach, Chfer- bidine. 

suchungen Ub. d. optischen Bigemchaften d. CBXOEO-PICOLIHIO AOIB v, OBXiOBO-fiu- 
Blaiigrtina'tP.lil, 245 ;«Earting, P. 96, 548; dxnb oabboxxuo aozs. 

Hansen, * Der ChlwQpkyllfarhstoff,' Arh. d. hot, CBXOBOFIOBIN 9. TiZ-43HZ,0B0*itxTB0-Mi- 
Inst, in WUreburf, 8,1; Hartsen, 0* 0. 1872, thane. 

524,1875,618; Hoppe-Seyler, Ueber d. Chloro- OHLOBOFLATIKATBS 9, naxs^tn imd«t 
phyll d. Pflaneen, H. 8,1879,889; 4,1680,193, Putihuk. 

5, 1881, 75; Kraoi, Zwr KmnmUa d, OhhrO’ GELOBO-FBOFAKS f. Pbopk 
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Mt-Dl-oUortt-propane C,H,C1, Ia 
(^.OHC l.O^OI. Propylene chloride. MoL w. 

S.®.“1'684: “1166(P.».8.); 
“ 1‘160 (Iimnemann, A. 161,62). 

formation, —1. From ohlorioe and propylene 
(Oahonra, A. 76, 283; Boynolde, A. 77,121).— 
2. From ehloro-iodo-propane and Cl (Eriedel a. 
Silva, 0. R. 76, 1686).—S. From propane and 
Cl (Sohorlemmer, Pr. 17,872; 4. 160, 214).— 
*. Together with CHj.CCl,.CH„ by chlorinating 
CHg.CflCl.CH, in sunshine (Friedel a. Silva, Bl. 
[2116,8).—S. From isopropyl chloride and ICl 
(Friedel a. Silva, 0. B. TS, 1380).—6. From 
allyl chloride and oono.aCl at 100° (Eeboul, 
A. Ch. (S] 11,163). 

Boaetions. —L Alcoholic KOH gives a.ohloro> 
propylene CH,.OCl:CH, (Friedel a. Silva, A. Ch. 
[4] 16, 849);—2. Water (20 vols.) at 220'> gives 
propionic aldehyde and acetbne. Water and 
PbO at 180° give prtraylene glycol (Eltckoll, B. 
6, 668).—8. Cone. HI at 160° gives isopropyl 
chloride. 

ww-Si-cUoro-propane CH,.CJI,.CHC1,. Pro- 
pyUdme chloride. (86°). S.G. IJ! 1143. Formed, 
together with chloro-propylene CH,.CH:CHCI. 
by the action cl PCI, on propionic aldehyde 
(Bebonl, A. Ch. [6] 14, 468). Alcoholic KOH 
gives CHrCH:CHCl (34°). 

aaJM-nhloro-prcpane CH,.CClrCH,. Chlor- 
aeetol. ilethylchloracetol. (70°). S.G. 11 l OUOO; 
if 1-0818 (Perkin, 0./. 15,629); M 1-827 (Linne- 
mann, A. 161, 67). H.F.p. 12080. H.F.v. 
40310 (2%.). 

Formation.—t. From acetone and PCi, (Frie¬ 
del, A. 112, 238),—2. From isopropyl chloride 
and Cl (Friedel a. Silva, Z. 1871,189).~3. From 
aUylene and inming HCl in the cold (Bebonl, ‘ 
A. Ch. [6] 14,463). 

BeacHons. —1. Alcoholic KOH forma a-chloro- 
propvlene CH,.CC1:CH, (21°).-2. AgOBz gives 
(CflJ,C(OBa),.—8. Water (8 vols.) at 170° gives 
acetone (Oppenheim, B. 2, 213). 

o0. Si. chicro - propane CH,C1.CH,.CH,C1. 
Trinuthylene chloride. (119°). S.G. u 1-201 (B.); 
[p 14896 (F.). From the corresponding dibrom¬ 
ide and HgCI, at 180° (Bebonl, A. Ch. [6] 14, 
463). Formed also from trimethylene glycol 
0H,0H.CH,CH,0H anAHCl (Freund, if.2,638). 
Alcoholic KOH gives allyl chloride. 

acB-Tri-chloro-propane C,H,C1, is. 
0H,CLCHC1.CH,C1. Trichlorhydrin, Olyceryl 
chloride. Allyl trichloride. (168°). S.G. H 
1-8984; If 1-8878 (Pwkin, 0. /. 46.632); • Ml 
(0.). MJI. 7-897 at 21-6°. 

Formation. —^1. From glycerin dichlorhydrin 
(^-cbloro-propyl alcohol) and PCI, (Berthelot a. 
De Bnca, A. Ch, [8] 48, 301; 62,133; Fittig, A. 
136, 369).—2. By passing Cl into ally] iodide 
unto water (Oppenheim;^! [2] 2, 97).—3. One 
of the prodnets of chlorination (ft propylene 
chhnide (Belohoobek, B. 9,921), or of propane (?) 
(Berthelot, A- 166, 10^.—1. From propylene 
chloride and lO at 160° (Friedel a. Silva, Z. 
1871,688). ° e 

BsaeMoM.—L Water (iOrtdM.) by heating at 
160° lor 24 hours fccias glycerin.—2. KOH 


^ss 0B,:C0LC%01 (101°) and n little 
OHOimc±a-S. itohoUe KSB 


—•• jmmnoiip aeoa gives 


iodide (Oustarson. C* C 

CH,.CH,CCI1, (145*- 
160°). From Pf,S and dry 01 in daylight. 
(Spring a. I,ecrenier, BJ. [9] 18, 683). Ag,0 
converts it into propionic acid. 

oua-Tri-chlsro-propone CH,.‘0H01.0H01- 
a-Chloro-propyUdene chloride. (110°). S.G. 1 
1-102; *41-372. ^ Formed by chlorination of pro¬ 
pylene or propylidene chloride in sunshine. Also, 
together with the preceding, by heating pro¬ 
pylene chloride with 101 af 160° (Friedel a. 
Silva, 0. S. 71, 805). Formed by union of 
CH,.CC1:CH, with Cl (Berthelot, A. 166, 106). 

0H,.0C1,.CH,C1. 

(123°). S.O.ai-350; iS 1-318. 4 

Formation.—1. From CH,.C04.CH, by a in 
Bunshme, or by ICIJF. a. S.).—2. From pro¬ 
pylene chloride and Cl (Belohoubek, B. 9, 924). 
3. From chloro-acetone and PCI,.—1. From 
CH,.CCl:Gfl, and Cl at 0° in sunshine. '- 
Beaclions. —1. Water at «high temperatnres 
forms CHj.GO.CHO (?).—2. Alcoholic KOH gives 
two di-chloto-propylenea (76°) and (91°) (Friedel 
[ a. Silva, C. R. 71, 806). 

1 Trl-chloro.propano CH,Cl.CH,.CHClr 
j 0-Chloro.propylidene chloride. (117°). S.G. »• 
j 1-362. V.D. 4-95. Formed by the action of 
PCI, on 8-chloro-propionio aldehyde or on auro- 
[ lein (Geuther, Z. 1865, 29(( van Borabufgh, Bl. 

I [2] 37, 98). Alcoholic KOH gives di-chloro-pro- 
pylene CH.;CH.CHClr 

Tetra-ohloro-propane CH,.C01,.CHC1,. (163°). 
S.G. 11 1-47. From di-ohloro-acetone and PCI, 
(Borsche a. Fittig, A. 133, 111). Also from 
allylene dichloride (Pinner, A. 179,17). Appa- 
. rently the same body is formed as a by-product 
in the preparation of tri-chloro-botyrio amehydo 
by chlorinating aldehyde (Pinner, B. 10,1067). 
Alcoholic KOH gives C,/1,C1, (116°). 

Tetra-chloro-propans G,H,C1, is. 
Cl^Ci.ClH,.CH,? (178°). (203°)^ From propane 
and Cl in sunshine (Schorlemmer, Pr. 18,“ 29). 
Stellate groupa'-of needles (from alcohol). SmeUs 
like camphor. 

Tetra-chloro-propans OH,a.CCVCH,Cl. Iso- 
allylene tetrachloride. (161°). S.G. it 1-196. 
From CH,C1.CC1:CH, (95°) and Cl or HOOl 
(Fittig a. Pfefler, A. 135, 360; Henry, 0. B. 91, 
1428). Also from CH,.CC1:CH, and Cl Ber- 
thelot, A. 165,105). AlcoholioKOH gives 0,H,Ca, 
Alcoholic NH, gives (0,H,Cy,NH. Sodium 
gives allylene. 

Tetra-chloro-propans 

CH,.CHa.CCI, [146°]. (0/186°). Prom iso. 
proppl lodMe and CL Besembles camphor (B.). 

Tetra-ehloro-propaja C,H,C1,. (0, 198°). 

S.G. 1-66. From propylene ohlbridrand (5l 
(Cahours, A. 76, 283). Problbly Cdentioal with 
the precedin^or, possibly, with the following. 

Totra-ohloro-propane CH,t!.CHC1.0HOI_ 
Tetra-chloro-glyeide. Altylidene Utrachloride, 
[180°). 8.d y 1-621. VJ). 6-8. From 

CHrCa:CH,Cl and Cl (Hartsnstein, J. pr, 12] 

7,818). FromCH,:eH.CH0LandO(vanBom. 
burgh, BL [2] 86, 663). „ ^ 

Fsnta-ehloro-pnpana OAOL is; 
CHgCLCOrCHClr (194°). Fhmi di-ahlmo- 
acetone and PCI, (Borsohe a. Fittig, A. 188. Ul). 
Alcoholic KOH gives 0,11,0, (iH^ ^ ^ 
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fMU-eUtrO'propana C,E,OI, i.<. 
(JH,.0CU.CC1,? From CH,.001,.0H01i and Cl 
(B/a. f 7. Priams. 

' Paata-cBloro-propaae G,B,01s. (o. 223°|. 

From propylene ^Jiloride and Cl (Cahouni A, 
76,283). * * 

Bexa-eUpro-propane C)B,Cn,«.«. 
CCl.OHrOCl,! (280°). Formed by ohlorina- 
ting propane in the brightest ennehine (Sohor- 
lemmer, Pr. 18, 29). Iiiquid, emeUing like 

Mmphota 

Hexft-chloro-propan# OaH,Cl« 
CCl,.CHaCHCl,7* (0.248°). S.0.1-63. From 
nroDTlene ohlorids and 01 (Cahonre, A. 76,283). 

' Hepta-ehlero-propane O^HCl,. (260°). S.O. 
1'73. FromprwyleneohlorideandOl (Cahours). 

Pet-ehloro-propane 0,01,. [160^. (269°). 

From 0H,01.0H01.0H,01 and ICl, at 200*. 
Formed also, together with C01„ by heating iso¬ 
butane with lOli at 240° (Krafft a. Mers, B. 8, 
lOtf); and, together with 0,01, and 001, by the 
action oi 101, on isobntyrio aoid (Krafft, B. 9, 
1086). Orystalliife maea; t. e. eol. alcohol, 
ether and ligroin. At 250° it eplita up into 
0,01, and 001,. 

CHLOEO-PBOPANE SUIPHONIC ACID 
0 H 01.S0,H. From the product ol the action 
oi 101, on propane eulphonio acid at 160° the 
salts (0,H.OlSO,),Ba(O,H,SO,),Basq and 
(C,H,0180,),Ba3(0,iSO,),Bs may be isolated 
(Spring a. winssmgm, B. 10, 828). 

e-CHIiOEO-PEOPiONIO ACID 0,H.0I0, t.e. 
0 H.. 0 H 01 .OO,H. M 0 I.W.IO 8 J. (186°). S.O. n-28. 

Preparation.—Caloio lactate (17 g.) is shaken 
with PCI, (40 g.) and distilled from a bath ol 
H,SO,. The diatillato is mixed in the cold with 
the requisite quantity of cold water. The yield 
i8 60 percent. (J. M. LovSn, J.pr. [2] 29, 860; 
cf. Worts, A. 107, 192; Ulrich, A. 109, 271; 
Lippniann, A. 129,81; Buchanan, Z. [2] 4, 623; 
Briihl, B. 9,86; Mazsata, 0. 12,261). 

I’rpperties.-oLiquid, miscible with water; 
blisters the skin. 

Beactiona.—l. Zirus and HOlsoonvert it into 
propionio acid.—2. The eolutions of the Ba and 
Ag salts change to lactate on boiling.—3. With 
cone, solution ol KBS (2 mole.) it gives thiolactato 
and tbiodilactylate of potassinm. 

Salts.—AgA'.—BsA'r 
Methyl ether MeA'. (182^°). 8.0. * 
1-076. u„ 1-423 (Kahlbaum, B. 12,844). 

Ethyl ether EW. (147°). 8.0.^1-0869. 
M, 1-4287. K« 61-12 (Briihl. A. 203, 24). 
Bsoctions. — 1. When heated with thinrea 6 
hours at 100° it gives the hydrochloride 

of laetylthio-ursa: 

potasei^eulphocyanide It hours at 160° it gives 
CH,.CH(SONJ.CO^t (Freytag,/. W.128, 880). 
8. NaOEt gifts CH,.CH(OEO.CO^t. 

Amide OH,.OHCl.COHHr [80°]. Seales; 
T. sol. water (Beokurts a. Otto,B. 9,1692), 
Chloride 0H,.0HC1.C001. (110°). VJ). 
4-88. 8.0. If 1-289 (Henry, 0. S. 100,114). 

y«rite-qHrCBaoy. (122°). Pungent 
liquid. • 

ff-OhloTO-proploffle acid CH,OLOH,CO,B. 
[4n. (B.a.0.); [M°J (H.). (204°). 

FV)rniaf{on.—i. By heating hydraorylic aoid 
with fuming BGl at 120° (Beokurts a. Otto, B. 
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18,226).—2. From its chloride, which is farmed 
by the union of ethylene with 0001, (Lippmann, 

A. 129, 81; Henry; O.B. 100, 1141.-8. From 
acrylic aoid and HOi (liinnemann, A. 168,96),— 

4. From O-iodo-propionio aoid and ohlonne- 
water (Biohter, Z. 1868,461). 

ProMrtiee.—White plates; v. e. sol. watm 
and alcohol. Does not blister the skin. 

Methyl etherMok'. (166°). 

Ethyl ether BtA'. (163°). V.D; 4-94. 
S.O.»1-116. 

Ghloro-ethyl ether CH,C1.0H,A'. 

(c. 218°). 8.0. * 1-282. From the acid and 

CH,OH.CH,Ol (a). 

Chloride 0H,Cl.CH,.00a (144°). VJ). 
4-42. 8.0. IS 1-831. 

aa-Di-ehloro-propionio acid OH,.0(SrCO,a 
(0.188°). 

P<yrmalum.—l. From pyruvic aoid and POl, 
(Klimenko, B. 8, 465; 6,477; Beckurts a. Otto, 

B. 11, 886).—2. The nitrile is formed by chlori¬ 
nating propionitrile (Otto, A. 132, 161; B. 9, 
1877). 

Propsrttes.—Liquid; V. sol. water; insol. 
cone. HCl. Solidified by cold. Oonvorted by 
sine and HOI into propionio acid. Water at 
140° gives pyruvic acid. Boiling alcoholic 
KOH gives a-ohioro-aorylio aoid. Beduoed 
silver forms 00,H.03fe:0Ue.C0,H and 00,H; 
OMe01.0Me01.CO,a 

Salts.- NH,A'. — KA'6sq. — BaA'.aq.— 
CaA'.aq.—CaA',3aq.—ZnA'.aq: easily soluble 
fiat needles.-AgA'.—On heating with water it 
decomposes into pyruvic acid, dichloropropionio 
acid, and AgCl. On heating the dry salt it 
yields pyruvic-dichloropropionio anhydride 

ch:;®!^® •• 

B. 18,227). 

Methyl ether Mek'. (144°). 

Ethyl ether EtA'. (167°) (B. a. 04i 
(160°) (K.). 8.0. 21-249. 

leobutyl ether CH,PrA'. (184°). 

Allyl ether Ofiji.'. (177°). 

Chloride CH,.CC1,.C001 (o. 110°). 

Anhydride (OH,.C01,.C0),0. (191°). 

Amide CH,.CCL,.CONH,. [116°]. fJono- 
clinic lamina (Haushofer, Z. K. 7, 267).— 
(CH,.CCl,.COHH),Hg aq; needles. 

Nitrile Ca-CCl,.aN. (106°). 8.Q. « 1-481. 

Pofonilrile (CH,CC1,),0,N,(?). [74°]. S. 
(alcohol) 14 at 20°. Chlorine acting ui»n pro¬ 
pionitrile forms a liquid di-ohloro-propionitrile 
(104°-107°) and a solid isojieride [74°); the for¬ 
mation of the latter is promoted by a low tem¬ 
perature. Both give the seme di-ohloro-propi- 
onio aoid oneaponifioation, henee the solid form 
it probably a polymeride ol the liquid. The 
liquid form sometimes changes kpontaneouely 
ft to the solid form (Otto a. Voigt, J. pr. [2] 36, 
79). Beaetione of (Jie paronifriie.—1. H,SO, 
(I vol.) mifed with water (1 vol.) at 180° gives 
o-di-t^loropropionio acid.—2. Alcoholic KS, 
gives di-ohloro-propionamide. — 3, Etno and 
aoetio oesd leiaoo it to (C,H^),0>N, (196°).-- 
4, Zinc aoting on a solution u| dilute aioohql 
forms a base 0,H„H„ [111°]. (o. 278°), otya- 
tallising from pkroleum ether in needles ot 
plates, V. sol. ether and alcohol, T. sL sol 
water. It forms salts I B-HOl,— 

AgC,H„N,laq- 
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4^IH-elilor<i-propionio Mid 
CH,01.0HqLCO.H. [60°]. ,(210°). 

JPormatuik^l. From glyeerio Mid and HC3 
(Warigo, B. 12, 178; c/. A. 170,1»3).—2. From di- 
oUoro-propyl alcohol CH,C1.0H01.0H,OH by 
oxidation (Henry, B. 7,411 ; Werigo a. Melikoff, 
B. 10, 1600).—3. From a-ohloro-acrylio Mid and 
HOi at 180° (W. a. M.).—4. Formed from 
OH,(OH).CHCl.CO^ and fuming HCi at 100° 
(MelikoO, J. B. 13, 168; 0. C. 1881, 364). 

Pn^wrHej.—Small needles. Alcoholic EOH 
giees Mhloro-Mrylio acid.—HO.PbA'. 

Ethyl tthtrEtk'. (184°). S.G.^ 1-2461. 
M 1-4638. B« 69-76 (Br^l, A. 203, 25). Sue- 
ceseiye t^tment nrith alcoholic KCy and EOH 
givea tnmaric and inactive malic acids (Werigo 
a. Tanatar, A. 174,867). 

jB8-I>i4hIOTO-propiomoMid CHClrCH,.CO,H. 
rM°]. From 8-chloro-acrylio Mid and aqueous 
B(3 at 80° (Otto a. Fromme, A. 239, 268). 
Prisms, v. sol. alcohol, ether, bensene, chloro- 
form, and water. Converted by alcoholic EOU 
into OH01;CH.CO,H. , 

EthtrEik'. (171°-176°). 

Amide CH01yCHj.CO.NH,. (140°): needles. 
TrleUcro-prcpionio Mid (7) C,H,C1,0, (?). 
[60°]. From per-chloro-suceinio clber and cone. 
KOHAq(Malaguti,A.OA. [3] 10. 67, 72,82).- 
AgA'. 

fi-CHLOBO-PEOPIOHIC ALDEHTDE 
CjHjClO M. CH,01.CH,.CHO. AcroleXn hydro¬ 
chloride. (o. 48°) at 10 mm. (130°-170°). Formed, 
together with the paraldehyde, by passing gase¬ 
ous HCI into acrolein (Geuther a. Cartmell, A. 
112,8; ErestownikoS, J. B. 11, 249; Grimaux 
a. Adam, 0. B. 92, 300). Liquid. Eoduccs 
Fehling’s solution. Rapidly changes ttf the 
solid paraldehyde, HNO, forms S-chloro-pro- 
pionic Mid. 

8-Chloro>propieaio paraldehyde (C,H,C10),(?). 

(170°-176°) at 16 mm. Formed by 
spontaneous polymerisation of the preceding, 
into which it is reconverted by distillation under 
ordinary pressure. Needles. Insol. water. It 
does not reduce Fehling’s solution. Not acted 
nponJby water or baryta at 100°, nor by AgOAc 
or Fb(OAo), at 120°. Water at 120° gives HCI 
and metMrolein. Distillation over solid EOH 
also forms some metacroleln. 

aB-Di-cUerovpropionK aldehyde 
CH,(S.OHCl.CHO. From acrolein and Cl (Aron- 
stein, A. Siwpl, 8,190). Oil. Its alcoholate 
CH.OLOHCl.OH(OH)(OEt) boils at 160°-156°. 

O-OBLOBO-tBOPTL ALCOHOL 0,H,C10 U 
CH,fE.OHyOH,OH. Trimethylene chlorhydrin. 
(161® 00^. HO. « 1-182. 8. 60. From tri. 
methylene glyool CH,OH.OHyOH,OH and HCI 
at 100° (Beboul, A. Ch. [6] 14,491). 

e-OUero-isopropyl alsobol ^ 

CHyCH(OHl.CH,(L Propylene chlorhydrin. 
(128°). 8.(»» 1-180. « 

Formation.— 1. From propylene'-glycol and 
HO (Oser, A. SuppL 1,264) or 8,01, (Morley, B. 
18, 1806).— 2. Ptom alWl chloride (1 pt.) and 
eone. Hjfo, (8 pte.) at 100°; the pr^nct being 
distiliba with water (10 pts.) (Cppenheim, A. 
SfopL 4, —8. From propylene and BOCl 

/UarkowniW, E. 1870,428). 

iVgpsr(iss^Idqnid,H).water. Uay probably 
Motain OHyOHaoB/lH. 

BsoeMoMr-L rfi, givse all^ eUoiide and 


chloro-propylene (Henry, Z. 1871,600).—2. The 
chlorhydrin obtained by the action of S,C1, npfin 
propylene glyool gives chloro-acetone on oxida¬ 
tion with E,Cr,0, and H,SO„ or with HNO, 
(Morley a. Green, B. 18, 24; J. 47,132). The 
chlorhydrin oUained from propylene Cnd HOCI 
is oxidised (by chromic mixture) to ^shloro-acet- 
one according to Markownikoff, or (by HNO,) to 
a^ihloro-propionio acid according to Henry (B. 
7,1649,1790).—3. HNO, gives chloro-acetic acid 
(Henry, Bl. [2] 25, 389).-^. Heating with ZnO 
or PbO gives cpropionio aldehyde and Metone 
(Eltekoff, J. B. 10, 222). 

Beneoyl derivative G,H,C10Bz. (269° 
cor.). S.G.U 1-172; « 1-149. From the aloo- 
hoi and BzCI. Oil. Alkali^ fq^m propylene 
oxide. ZnEt, gives propylene ethyl phenyl ko- 

tateC,H,<°>CEt.O,IJ, (Morley a. Green, O.J. 
47, 134; B. 17, 3015). 

Ethyl ether CH,.OH(OEt).OH,CI. (118°). 

5. G. *984. From di-chloro-di-ethjl oxide aad 
ZnMe, (Lieben, A. 146, 226; f78,14). 

a^-Bi-chloro-propyl alcohol 
CHjCl.CHCl.CHjOH. Dichloride of allyl alcohol. 
(182®). S.G, 2 1-380 (T.); IL* 1*355 (G.). 

Fontmtion.~l. From allyl alcohol and Cl 
(Tollens, A. 156, 164 ; Ilubner a. Muller, A. 159, 
168).—2. From allyl chloride and HOCI (v. 
Geyerfeldt, dl. 154, 247; R 6, 720; Henry, B. 
3, 352; 7, 414). -3. Together with its isomeridc, 
by passing dry HCI into glycerin (Fauconnier a. 
Sanson, Bl. [2] 48,236). According to Markow* 
nikoS {A. 208, 349) passing HCI into a mixture 
of glycerin and aqueous HCI only produces 
CH,ClXH(OH),CH,Cl (c/. Tollens, Z. 1869,174). 

Properties.—Viscid oil, si. sol. water, sol. 
alcohol! Aqueous NaOH gives epichlorhydrin 
(119°^. HNO, gives a^-dl-chloro-propionic acid. 

Di-ehloro.isopropyl alcohol C.,HgC1^0 t.e. 
CnjCl.CH(OH).CH,Cl. Glycerin dichlorhydrin. 
Mol. w. 129. (176® i.V.). S.G. 2^-383; 1-367 

(Markownikoff, A. 208, 349). 8. 11 at 19®. 

Formation.^1. From glycerin and HCl(Ber- 
thelot, A. 92, 302; Hdbner a. C. MUllor, Z. [2] 

6, 344; Watt, B. 5, 267).—2. From glycerin and 
S.,Cl, (Carius, A. 122, 73 ; Claus, A. 168, 42):2- 
8. From epichlorhydrin and fuming HCI (Beboiilg 
A. Supple 1, 225).—4. Together with its isomer* 
ide, by the union of HO^ with allyl chloride 
(Henry, B. 8,352). 

Bcaetums.^l, Chromic acid mixture oxidates 
it to «°di*ohloro-aoetone [48®] and chloro-acetio 
acid.—2. Sodium amalgam converts it into iso* 
propyl alcohol (Buff, A. Suppl. 6,250).—3. So* 
ditm added to its ethered solution forms allyl 
aloohcl (E^ a. tf.; TomOe, B. 21, 1282).—4. 
Alcoholic (4 p.o.) (2>mQls.) forms amorphous 

'chlorhy^nimide* 0,^yK,GI,04. Weal^ralco* 
holic NH, (1 p.o.) forms hyd^pchbrides of * di* 
amido-hydira” OtH„N,0, and of * glycidamine' 
C,HyHO (Claus, A. 168,29; B. 8,1214).—6. Anile 
ine forms 0,H-ONPh.—6. Solid NaOH gives 
epichlorhydrin C,H,CIO.—7. Br at 100® gives di* 
chloro-di'bromo-acctone CBr,Cl.CO.CH.Oi and 
obloro*tri*bromo*acdtone (Grimaux a. Adam, Bl. 
[2] 82,18).—8. Bfig acts ekorohsly, forming di* 
chloro-propTlene. 

Formyl d0rivaii9$ 

OH.OlOH(OOHO).OH,a (e. 152®) at 22 mm. 
Formed ify * heating the alcohol with aitio* 
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ineilisno ki 220° (Ptogst, J. pr. [2] 84, 28). 
rho nitro«metbane may perhaps first form 
bydroxylamine and formic acid: CHjNOj+HjO 
but no hydroxylamine could 

be found. 

A^eial dtriifative CH,01.(lH(OAo),CH.Cl. 
[204°) fE a. L.; T.); (196°) (^; (o. 142° at 
b mm.) (P.). S.a U1-283 (T.); i 1-274 (H.). 

Fomofion.—1. From glycerin and AcCl— 

2. By passing HOI at 100° into a mixture of 
ziyoerin and HOAo (Berthelot a. I>eLuca,i4.C/t. 
3] 62,469).—-2. From OHaCl.CH(OH).CH,Cl and 
ioOl (Henry, ^ 4, 704).—3. From epiohlor* 
bydrin and AcCl (Truchot, A. 188,297).—4. From 
khe formyl derivative and AgOAo (Pfungst, J. pr. 
[2] 34, 28). 

ButyryP derivative 

(CH,Cl),CH.O.CO.C,II,. (227°). S.G.H 1-194 (T.). 
leovaleryl derivative 

« ,.CHO.CO.C«H,.*(245°)at737mm. 8.0. 
(Truohot, A. 138,297). 

• Benzoyl derivative (CH.01);jCII.OBz. 
(222'') at 40 mm- S.G. S1-441. From epichlor. 
hydrin and BzCi at 180° (T.). Also from the 
formyl derivative and BzCl ^.). 

■m-ohloro-isopropyl aloonol 
CC1,.CH(0H).CH3. [49°]. (150°-160°). From 
chloral by successive treatment with ZnMej and 
water (Garzarolli.Thurnlackh,A.210,77). Small 
deliquescent needles (from other). May be sub¬ 
limed. Smells like^fcamphor. 

TEI-CHLOEO-PROPYLAHINE OiH^Clj.NE,. 
Formed by the action of Sn and HCl on dinitro* 
sllylene-dichlorid 0 Csn,O 4 (NO 2 )j (Pinner, A. 179, 
65). Oil *, may be distilled. 

8-CHLOItO-tt.PROPYL-CINNAMIC ACID 
C,H 3 . 0 C 1 :C(CA).C 03 H. [121°]. From its ether, 
which is formed by treating propyl-benzoyl-acetio 
ether with PCI* (W. H. Perkin, Jun., C. J. 49, 
163). Triolinic prisms; a:6:fl“-797:l:*740; 
a 122° 83'; 0 »106° 2 V; 7 “ C9° 25' (Haushofer). 
May be sublimed. V. sol. alcohol, etner, benzene, 
chloroform, atid HOAo; m. sol. ligroin. 

•Ethyl ether EtX'. (248°) at 300 mm. Oil. 
/ 3 -CHLOBO.PEOPYlENE CH,:OH.OHj01 v. 
Llltl ouloszdk. 

w-Chloro-propyiene OHGl:CH.OH,. Propenyl 
ehhride. (36°). Formed, together with some of 
the following isomeride, by treating propylene 
chloride with alcoholic £OH (Gahours, C. B. 31, 
291).. Obtained by heating propylidene chloride 
CHyCE^.CH01, with alooholio KOH (Reboul, 
A. Ch. [6] 14, 462). Formed also by heating the 
neutral solution of the alkaline salts of the 
liquid oi8.di-ohioro-botyrio acid (Wislicenus, B. 
20,1010). Liquid. Br at 16° forms 0,HjClBr, 
(177°). Alcoholic KOH givf^ allylene. HBr 
gives CHa.Ci^.CHOiBr (110°) and asmaltquan- 
tity oUlH 3 .OHBr.CH,Ob (121^. 

Affo.w-oUoro-propylene OH01:CH.G!^. (83°). 
Formed by seating the neutral solution of the 
alkaline salts of aA-di-chloro-butyrio acid [63°] 
(Wislicenus,20,1010). 

a-Chloro-propylene CHjtCCl.OH,. (23°) (O.j 
L.); (26-5°) (F.). S.G. a -9307 (F.); a -931 (0.). 
V.b. 2*83 (ci^o. 2-66). The chief product of the 
action of aloolmlio KOH 8n propylene chloride. 
Formed also by tfeating CH,.OOI,.OH, (from 
acetone and POIJ with alooholio KOH, with 
RH,, or with AgOAo. 

Bwcfioni. -1. H,S 04 followed bj water gives 
Voi. n. 


acetone (Oppenheim, 0. R. 65, 354; A. Suppl, 

6 . 357).—2. Water at 160° also forms acetone.— 
8 . Br gives OH^Br.GClBr.OH, (c. 173°) (Friedel, 
A. Ch. [41 16, 343).-4. AloohoUfiKOH at 120° 
gives allylene (Friedel, 0. B. 59,294).—-5. HI at 
100 ° gives 0 H,. 001 I. 0 H 3 .— 6 . 01 in sunshine 
forms 0 H, 0 i. 0 Gl 2 . 0 H, (127°). In the dark G1 forms 
0H,:0C1.0H,CIL—7. i^r gives CH,.CBrCl.CH, 
(93°).— 8 . HOlO gives chloro-aoetone (Linne* 
mann, A, 138,122). 

ajS-Di-ohloro.propyleneGH^zGOl.GH^Cl. (a). 
Epi^hlorhydrin. {a)’Ohlon»allyl chloride, 
(94°). S.G. a 1-236; ^ 1-204. 

Pmnation. —1. Tc^ether with the following, 
by the action of 01 on CHa.GGliGH, in the shade 
(Friedel a. SUva, 0. B. 73,967; 74,806; 75, 81; 
Fittig, A. 135, 859), or of KOH or KEi, on 
0H,01.CHC1.CH,01 (Reboul, A, Suppl. 1, 229; 
a B. 95, 993).—2. From 0H,.0CL,.0H,01 and 
alcoholic KOHTP. a. S.). 

jR 6 acf«»M.-i;Br forms C 3 H 3 Cl,Br, (205°).- 

2. Fuming HCl at 100° gives CHa.GOl^uHsCl*— 

3. H 2 SO 4 followed by water gives chloro-aoetone 
(Henry, B. 5,»186).—4. Alooholio KOH gives 
OH 2 ;CCl.CHjOEt (110°).—5. ClOH gives s4i. 
chloro-aoetone [42°] andOH,OLCGl,.G^Cl (164°) 
(Henry, 0. B. 94,1428).—6. NBt, at 100° forms 
CH 2 :CC 1 . 0 H:,NEt,CI (Reboul, 0. B. 95, 993).— 

7. Sodium gives allylene and propylene.— 

8 . Alooholio KCy followed by KOH gives tricar- 
ballylio acid and a little oxy^^rotonio acid (Glaus, 
A, 170.126). 

• Di. ohloro - propylene OHCl:CH.CH 3 Gl 
B-Epidichlorhydrin. ^•Ohloro-aUyl chloride. 
(106°) (F. a. 8 .); (110° cor.) (R.). S.G. V 1*226 
(R.); ai-260 (F.a. S.). V.D. 3-83. 

t(yrmation. —1. Together with the preceding, 
by the action of solid KOH on GHjCUCHGLCH^Cl 
(F. a. S.).—2. In the pure state by treating 
CH 3 C 1 .CH( 0 H).CH 2 C 1 with PjO, (Hartenstein, 
J. pr. [2] 7,810).—8. A by-product in th# action 
of PCI 4 on acrolein (Geuther, Z. 1865, 25; 
V. Rombnrgh, Bl. [2] 86 , 549). 

Beactions. —1. 01 gives CH 3 Cl.OHCl.CHOl, 
(180°).—2. Does not unite with HCL— 8 . Aloo- 
hoUo KOH gives 0H01:CH.CH,0Bt (123*).— 

4. Aqueous KOH gives j 8 ^)hloro-allyl alo'Jhol.— 
6 . Sodium forms isoallylene 0H,:0:CH,(Harten- 
Btem).- 6 . Br gives 0H01Br.0HBr.CH,01 (212°). 

«a - Di • ohloro • propylene . GH,.CG1:0HC1. 
Allylone dichUrride. (75°) (F. a. S.); (78°) (P. 
a. K.). 

Eormaticm. — 1. From OH,.CCl 2 .CH 2 Cl by 
treatment with alcoholic KOH (Friedel a. Silva, 
BL [2] 17, 886 ; J. 1872, 322).—2. From tri- 
ohloro-butyrio aidehyde and aqueous KOH (Pin¬ 
ner a. Kramer, A. 158, 47; 179,44). 

Beactions. —1. Br forma CH,.OClBr,CHClBr 
fI 88 °}.—2. Sodium forms allylene OHa.OiOH. 

DLohlmro-propylene GH,:0H.GHC1^ AUyU 
idene chloride, Acmlein chloridM (85° cor.). 
8.0. ^ 1-170. V.D. S'83. Farmed, together 
with OH01:OH.OH,01 and CHCa;OH.CH,OH, by 
the action ot PCI, on aoroldn (Geuther, A. Hi, 
86 : Z. 1866, 25; T. Kombnrgh, Bl, jS\ 86 , 
649). • 

Beactions, —1. Cl forme 0HyGI.0HC1.0HCla 
(180°).—2. KI or Cal, at 100“ give, OM,ai 
jl62“)(v.Bombargh,-B. T. 0.1,283).—8. Potaa- 
lium acetate gives C,H,{OAo), (4. 180“).— 

K 



4. Sodium hu no aotion.—5. Alooholio EOH 
gives 0H^0H.0H01(0Et) (o. 118“).—6. NsOEt 
gives OHj;OH.CH{OEt)j (Aronstein, A. Suppl. 8 , 
181). 7. Cono. HOlAq st 100° changes it to the 
isomerio 0H,GLGE:CH01.— 8 . NH, at 100° forms 
BorolelD-ammonia. 

Tri. eUoro • propylene OHjCl-CCIiOHjCl. 
(142°). S.G.i» 1-414. From CHACClJCH,01 
and alooholio EOH (Fleffer a. Fittig, A. 135, 
861). 

Tri-ohloro.propyIene CH,.CCI;C01r (115°). 

5. G. 111-387. From CH,.CC1,.CHC1, and aloo- 
^ holio EOH (Borsohe a. Fittig, A, 133,117). Cl 

forms solid 0,H,G1,. 

Tti-chloro-propylono 0,H,C1,. (139°). From 
the omdd product of the chlorination of alde¬ 
hyde (tri-cUoro-butyric aldehyde) and aqueous 
NaOH (Pinner, B. 6,207). Alooholio EOH con¬ 
verts it into 0 ACl,. , 

Tetra-chloro-propylene C,HjCl,. (165°). From 
C,H,Clj (derived from acetone) and alcoholic 
KOH(B.a. F., 

CUOBO-FBOPYLENE OLTCOL v. GuvcEniN 
ehiorhydrin. 

CmOBO-PBOPTlIDENE CHIOBIDE v. Tbi- 


imnoBO-raopiBB. 

CHI,OBO-I)I-ISOPEOPTI,.KETONE 
0|H,.C0.C,^G1. (142°). Prepared by passing 
Cl into di-iso-propyl-ketone at 0° (Barbaglia a. 
Gucci, B. 13,1670 ; 0. 11, 92). Liquid. 

Bi-chloro-di-isopropyl-ketone C,H„Cl,:CO. 
(176°). Prepared by passing chlorine into di- 
isopropyl-ketone st the ordinary temperature 
(B. a. G.). Coloorless liquid. Turpentine-like 
odour. ^ 

Tri-chloro-di-isopropyl-ketoue C,H„Cl,:CO. 
(about 229°). Prepared by passing Cl into boil¬ 
ing di-isopropyl-ketone (B. a. G.). Liquid with 
pungent turpentine-like odour. 

CHLOBO-ISOPBOPYL NITEATE 
CH,.CH(NOJ.CH,Cl. (168°). S.G. 1-28. | 
From chloro-isopropyl alcohol HNO„ and H.SO, | 
(Henry, A. Ch. [4] 27,263). 

aA-Krcbloro-propyl nitrate 
CH 5 Cl.CHffl.CH,NO,. (180°). S.G. 11-3. From 
CH 5 Cl.CHffl.CH,OH and HNO, (Henry, B. 7, 
409)." 

Bi-chloro-isopropyl nitrate (CHBB.CH.NO,. 
(180°-190°), S.G. 12 1-465. Formed from 
CH,Cl.CH(OH).CH,ffl, HHO„and H 5 SO. (Henry, 
A. 165,167). 

(fV- 8 ).CHIOEO.(B. 8).IS0PE0PTL aHINOl- 
.CH;CH 

ISIS 0^H,(O,H,)^ Chloro-eumoquinol- 


R;CC1 


4ns. Formed by heating isopropyl-carbostyril 
with PCI, (Widmann, B. 19, 265). Yellowish 
oil. Heavier than water. V. sol. ^oohol, ether, 
benzene, Ac., nearly insoL water. Sparingly 
volatile with steam. Weak base.—^B'JB[,Cl,PtCl,!’ 
[188°]; yellw monooliniomrisms. 

CELOBO-PYKENE v. Fybbni. ‘ 


OHIOBO - PYBIDUfE 0,H,C1N ts. 
**<^ChVH- (WS")- VJ).67(obs.). 


Forniat4oiUr~'l* Bj beating potoslum pyrrol 
with chloroform In presence of ether; the resi* 
due after eroporation of the ether is boiled with 
dilute HOI to resinify the unaltered pyrrol, and 
after making alkalme with KOH, the obloro- 
pyridine is distilled OTer with steam (Ciamioian 


a. Dennstedi, 0. 11. 224, 300; B. 14.1168)*— 
2. By the action of CCl,, chloral, or tri-chloyo- 
acetic ether on pyrrol-potassium (Ciamioian a. 
Dennstedi. B. 16,1179).—8. From pay-pyridiue 
and FOl, (Lieben a. Haitinger, if. 6, 815). 

Bn)periw«.^,-Pangent alk^ine li^id; m. 
sol. water. 

Reactions. —1. HI at 145® gives^odo-pyiid 
ine; at 200° it forms pyridine {L.'a. H.)—2. Br 
and I form additive compounds.—8. Sodium 
amalgam forms chloro-piperidino O^Hj^ClN. 

Salts. — ^'HOl: deUquesoent o^stals* — 
B'.^H 2 PtOhaq: monoclinio xi.)edles; a:6:o ■■ 
1-197:1:1*172; $ = 109® 48' (0. a. D.); n:6:c« 
1-04:1:1'26; $ = 72® 42' (L. a. H.). Converted by 
heat into B'jPtCh. 

Hexahydride O^Ki^OlR.HJh&n^peridine. 
From ohloro-p^dene by redaction with sodium 
amalgam or with Zn apd HCl.—B'^fi.^PtClgaq: 
monocliaic needles; a:&:c=1209:1:1*094; 

113® 35'. 


I Di-chloro-pyridine O 5 H 3 CI.N. [67®]. Fornltjd 
by beating barium pyhdine-or-sulphonate with 
PClj (Koenigs a. Gei^, B. 17,1838). Volatile 
with steam. Glistening plates. V. sol. alcohol, 
si. sol. water. HgCl^ added to the aqueous or 
alooholio solution precipitates a double salt 
which forma long fine needles [183®]. — 
B'jHjCl^PtClf 2 aq: ^e yellow needles. 

Di-chloro.pyridiae C^HjCljN. [72°]. Formed, 
together with other produces, by the action of 
dry chlorine upon dry pyridine. Slender white 
needles; sol. pyridine and alcohol, insol. water. 
Has an agreeable aromatic odour (Kelser, Am, 
8 , 808). 

Tri.chloro-pyridineCjHjCIjN. [50°]. Formed, 
together with di-ohloro-pyridine [G7°J by heating 
barium pyridine-di-sulphonate with PCl.^ 
(Koenigs a. Geigy, B. 17, 1832). Volatile with 
steam. Long flat needles. Sol. alcohol, nearly 
insol. water. « 

Tri-chloro-pyridine (?) C^l^OljN. [65°]. 
Formed, along with obWo-oxy-pyridine car¬ 
boxylic acid {q. q.) by treating nicotinic acid with 
PCI 3 , and warming the product with H^SO, 
(80 p.c.) (Seyfferth, J, pr. [2] 34, 261). Long 
needles (by sublimation); v. si. sol. water, sol. 
alcohol, ether, and benzene. 

CHL0B0.FYBIDINE.CABB0XYLIC ACID 


CaH 4 ClNO, i.e. OjH,ClN.COj^. OJUoro-pieoUnic 
acid. [180°]. From picolinic acid by treatment 
with PCI 3 , the resulting ohloro-pioolines, in¬ 
cluding C 3 H 3 CINCCI 1 , being wann^ with HjSO^ 
(80 p.c.) (Seyfferth, J.pr. [2] 34, 249). 

Properti ^.—Dendritic needles or prisms, sl. 
sol. cold water; extracted by ether from aqueous 
BOlutl^. * 

S^ts.—CaA '2 aq. 

Reaction.—1. HI reSuees it to plcolinu acid; 
in presence of phosphorus, picoilme also formed. 

Chloro-pyridine carboxylic acid 
C,iH,N 01 .C 02 H. [168®]. ChloTO-p^olinie acid. 
From di-chloro-pyridine carboxylic acid, HOAc, 
and HI at 160® ^st, J. pr, [2] 27,284). Meedies 
or prisms (containing aq).°—BaA'- 2aq. 

Ohloro-pyridine-ouboxyUo acid. 

»CGl.ORi(m 


C.H,NaOO,H U Ri 


^ 'CHrd(00,H)' 


OMoro- 


nicotinic acid. [199^. Formed by the action of 
PCI, on ozy-pyiidine-carboiylio aoid [803°] 
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ipeohmann a. Welsh. D. 17, 2892; C. J. 47, 
146). Sublimable. Glistening plates. Sol. water, 
alcohol,^ther, and acotio acid, si. sol. benzene. 
By tin and HCl it is reduced to nicotiuio acid. 

])i-^loro-p 5 tidiue oarbozyl|; acid 
CiHaNCi^COaH. Di-chloro-nicotinicacid. [138®]. 
One of tne products of the action of warm H.SO, 
(80 p.o.) on the oily product got from nicotinic 
acid and POI 5 (Seyfferth, J. pr, [2] 84, 262). 
Clumps of needles (from water). 

Ethyl ether EtA'. [60“]. , 
Di'OhlorO'P^idine carboxylic acid 
OjHjCl^N.COjH. Di-chloro-picolinic acid, [180®]. 

Preparation.—The mixture of ponta- and 
hexa-chloroipioolines obtained by boiling (10 g.) 
comenamio acid with (20 g.) ^lute (80 p.c.) 
HjSO, for an hour contains dichloro-, dichloroxy-, 
and chloroxy-picolinio*cids. The first acid is 


extracted by chloroform, the other two are sepa- 
mted by means of their lime salts, the calcic 
Aloroxy*piooiinate being the more soluble (Ost, 
J.pr. [2] 27,281]^ Properties .—Slender needles, 
(containing aq); si. sol. cold water, v. sol. hot 
water and chloroform. Gives no odour with 


FejOl,. Reduced by HI in glacial acetic acid to 
picolinio acid. 

Salt 8 .—NaA^ Trapezoidal plates.—KA'. 
Triangular and trapezoidal plates, often twins. 

Tetra^hydriiU C.,n,OIN.CO;II. [c. 2G8"]. 
From the above by“in and HCl. Laminaj (from 
water).—B'HCI. 

Bi-chloro'pyridine-carboxylio acid 


C,H,N(Cl),(CO,H) U. P)' 

[210®]. Formed by heating citrazinio acid with 
PClj (Behrmann a. Hofmann, B. 17, 2G91). 
Colourless plates. Sol. alcohol, v. e. sol. other, 
si. sol. water.—A'Ag: colourless needles. 

TBTEA.CHLORO.MKIMIDINE C.N.Ol. i.e. 
CCl=CCl-CCi 


I ii • . [ 68 ®]. Formed by heating 

Nw^CCl-N 

alloxan (1 pt.) with PCI, (6 ^ts.) and POCl, 
(6 pts.) for 8 hrs. at 120®-130®. Colourless 
pearly plates, of camphor-like smell. Volatile 
with steam (Ciamician a. Msgnaghi, 0. 16, 173; 
B. 18, 3446). 

TETRA.JDHL0R0.PYK0CATECHIN 
0,01,(0H)j [1:2:3:4:5:6J. [174 ]. Obtaiued by 
passing ohloiine into a hot, strong solution of 
pyroeatechin in acotio acid. Colourless needles 
or thick plates. On oxidation it gives tetra- 
obloro-o-quinone 0,C1,0, (Zinoke, B. 20,1779). 


PER-CHIORO-PYROCOLL 0,„N,0A- [above 
820®]. Formed, together with the tetra-ebioride, 
by heating pyroooU (1 g.) with PCfj (12 g.) at 
220® f« 6 hrs. (Giamioitm a. Danosi, Q. 12, 31). 
Scales. ^ In^l. edd HOAc. Changed by long 
boiUng into tri-chloro-pyrrol carbbxylio acid. 

Tetra-chloride 0,aNaO,Cl„. Formed as 
above (0. a. l5.). Pearly triclinio prisms (from 
HOAo). B1. sol. oold HOAo. 

Oeio^ehloride OuNACIh. [147®]. From 
per.«hioro-pyroooll and PCJ^ at 250®. Sublimes 
a little above HO®. Smells like camphor. By 
reduction with zino^dusl and acetic acid it yields 
^tra-ohloro-pyrrol. Heated with water at about 
decomposes into (a).di*chIoro-aoryUo acid 
[06®], NH„ CO„ and HOI. By boiling with 
tUM aoetio aoid it if resolved into di>obloro- 


maleimide, CO, and HOI (Ciamician a. Silber, 
G. 13,820; B. 16, 2389). 

TBI. CHIOBO. PYBOGALLOL 0,0l8(0H),. 
Tri-chloro-pyrogallic add, [ 0 . 186®] (H. a. S.). 
A niixture of pyrogallol (5 g.) and acetic acid 
(12'5^.o. of 60 p.o.) is kept cool and dry chlorine 
is passed in. In half-an-hour tri-ohloro-pyro- 
gallol crystallises out (Webster, C. J. 46,205). 

Properties.—Fine needles (containing 3aq). 
Resembles tri-bromo-pyrogallol, notably in giving 
a deep blue colour when baryta is added to its 
ethereal solution. When anhydrous it melts 
about 177® (W.); when hydrated it melts at 115® 
(W.) or 75 ® (H. o. ^.). Sol. water, ^ut slowly 
decomposed by it. Sol. Acetic acid, benzene, 
chloroform, CS^, and 001^. V. sol. alcohol and 
ether. Reduces ammoniacal AgNO, to a mirror. 

Beactions.-^l. Sodium sulphite gives a fugi¬ 
tive red colour.—2. Cone. HNO 3 decomposes it. 
3. Treated with chloroform saturated with chlor¬ 
ine, it turns wine-red, then effervesces and be¬ 
comes yellow. _ On evaporation, crystals of ‘ leu* 
cogalloi,’ OjmACIjO,^ 2 aq (Stenhouse a. Groves, 
O'. J. 28, 701), separate. Hence pyrogallol 
added to chloroform saturated with chlorine is 
converted into ‘ leucogallol,* the intermediate 
tri-ehlorinated body being found to very small 
extent. 

Salts. — BaA^ltO,), 6 aq (Hantzsoh a. 
Sohniter, B. 20, 2033).—Cu3{0AO,), 6 aq. 

Acetyl derivative 0,Ci»(OAc),. [122®J. 

Needles. 

/37.DI.CHL0R0.PYR0MTJCIC ACID OjHjClO, 
[IGO®]. Obtained by the action of cone, alcoholic 
icon upon pjromucio • ether • tetra - eWoride 
(formed by combination with chlorine in the 
col<l) (Douaro, Q. 16, 333; Hill a. Jackson, B. 
20, 262). Felted needles. Sol. hot water, v. sol. 
alcohol and ether, m. sol. boiling benzene or 
chloroform, si. sol. cold benzene or chloroform. 
Warmed with excess of bromine-water it i4 con¬ 
verted into mucochloric acid with evolution of 
COj. By boiling with dilute HNO,(1:2) ityielda 
muoochlorio acid and di-chloro*m^eic acid. 

Salts.- A'jBadaq: fine needles, si. sqil.oold 
water.—A'A daq: long needles, si. sol. cold 
water.—A'K: rather spaiingly soluble small 
prisms.—A'Ag : fine needles. 

Ethyl ether A'Dt: [64®],’slender needles. 

Amide C^HCljO.CO.NH,: [176®], felted 
needles. 

CHLOEO-PYBOTARTARIC ACIDS. 

Ita-chloro-pyrotartaiio acid OjEjOlO^ 
[140®-145 J. ( 0 . 230®). From itaconio acid and 
cone. HC! at 130 (Swarts, Z. 1866, 721). In a 
current of dry air at 150® it forms an anhydride. 
Boiling water or alkalis form paraoonio aoid, 
wliich rapidly clianges to itamalio aoid, 

jH«0^. 

Diethvl ether (261®). 

Citra * dnloro - pyrotartario acid OsH,010« 
[129®]. From oitraoonio anhydride and cold 
fuming HOi. Formed also by the union of mesa- 
conio aoid with HOI (Fittig, A, 188, 61). 
Tables. Boiling water splits it up into HOI and 
mesaconio aoid. Boiling alkaUs form moth- 
acrylic aoid. 

Ita-di-ohloro-pyrotartaric aoid 03 .Ci, 0 « 

(S.). 

Citra-di*chloro.pyrotartario aoid OjHjClA* 
From oitraoonio aoid and 01 (Swarti, /. 1878, 

xa 
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582; Biai Aceuf. Boy. Bsly. [2] 83, No. 1). On 
distillation it gites HCI and oitraconic anhydride. 
Boiling water converts it into ohloro>citfamalic 
acid OtHfCiO,. The Na salt when boiled in 
aqneoos solution gives ohioro-methaorylio acid. 

TETEA-CHLOEO-PYEKOL C^Cl^NH. [110®]. 
(261°) at 754 mm. ^ 

Formation. —1. Together with di-chloro* 
maleic acid and NHs, by treating pyrrol with 
NaOCi. — 2. By reduction of per • chloro. 
pyroooll-octo-chloride with zinc*dast and acetic 
aciA—8. By heating di*ohloro-maleimide with 
PCI, at 160°.—4. By reducing with zinc-dust 
and HCI the per-chloride C^CliN which is ob¬ 
tained b/'heating di-ohloro-male!znide with PCI, 
at 200° (Ciamician a. Silber, B. 16, 2390; 17, 
564. 1743; (7.14,866). Very volatile. Long 
silky plates. V. sol. alcohol ^d ether, si. sol. 
water. Dissolves in alkalis. The ammoniaoal 
solntion gives a white pp. with AgNO,. It dis¬ 
solves in strong HjSO, with an intense reddish- 
brown colour; on adding a few drops of water 
this changes to violet, and by lurther addition 
of water gives a green pp. which dissolves in 
EOH with an intense orange colour. 

(«). TEI - CHLOEO - PYEEOL-CAEBOXYIIC 
ACID CjClANO, i.e. C,HC1,N.C02H. 

Prepared by heating per-chloro-pyroooU with 
eaustio potash. 

0.,C1,N,0, + 2KOH = 2C,Cl,HNCO,K 
(Ciamioian a. Danesi, Q. 12, 34). Long silky 
needles (containing aq). V. sol. alcohol and 
ether, si. sol. water; its solutions give with lead 
acetate a white pp., and with ferric chloride an 
intense red colouration. It decomposes with 
violence at 160°. BaA',aq: scales, m. sol. al¬ 
cohol, sL sol. water. 

TEI-CHIOBO.PYBDVIC ACID Hydrate 
CCl,.C(OH),.CO,H. Tri’chloro-isoglyceric acid. 
[102°1. Prepared by saponification of tri-cbloro- 
acetyl cyanide with HCI (Claisen a. Antweiler, 
J3. IS, 1937). Formed also, together with tri- 
carbaliylio acid, by treating gallic acid, salicylic 
acid, or phenol with HCI and ECiO, (Schreder, 
A. 177 ,282). Colourless prisms. V. sol. water, 
al<K)hol, ether, acetic acid, and acetone; m. sol. 
0,H, and CS 3 ; insoL petroleum ether. Beduces 
Fehhng's solution and ammoniacal AgNO,. 
Warm^ with an alkali ik readily splits up into 
chloroform and an oxalate.—A'Da: small soluble 
prisms.—NaA'^aq (HoHerichter, J. pr. [2] 20, 
198). 

Amid4 C01,.0(0H)r00NH,. [127°]. Pre¬ 
pared by the action of cold aqueous HCI on tri- 
cblfiro-acetyl cyanide. Coloarless crystals. Sol. 
water, alcohol, ether, and acetone ; sL sol. 
(iS|, CA) CHCl^ On heating it loses H,0 
and ia converted into a compound of the formi^ 
OgOliOsH^N, which forms small plates or needles 
of melting-point [818°], sublimable 

and soL ether, aL sol water. ' 

HitriU V, Tar-CHLOBo-ACEmi ctinns. 

a<-CHLOBO.PYB1IVZO ALDEHYDE 
CH,.CO.OC10. 

Oxim OH,.CO.CI01(NOH) c. Cblobo- 

nONITBOBO-iaaTONK. 

0HL0E04IDA£TSini20 ACID v. CnnoBO- 

CBOTOMXO ACID. 

DI41EI.0B04TinrAI.DUrS ff. Dx-Cblobo- 
{Fy, $)-iaTBn.-qntxoLX]ni« 


(B.1).CHL0B04UIK0I.INB G,H,01N Ae. 
0H:001.0.CH:0H 

i li I 

CH:OH.C.N-CH 

[32°]. (268°). Farmed together withtbe(B. 8 ).iso. 
meride by heating m-ohloro-aniline witl^yoerin, 
nitrobenzene, and H^SO, (La Coste.B; 18,2940). 
Formed also from the corresponding amido- 
quinoline by Sandmeyer's reaction (Freydl, M. 
8 , 683). Needles or thick glistening prisms. 
The bichromate forms long yellow needles, 
[166°]; sol. hot water, si. soL qpld. 

(£. 3)-Chloro-qainoIine 

OH:CH.C.CH:CH 

I H I 

CC1:CH.C.N : Q£L * 

( 0 . 267°). Formed, together with the (B. 1)- 
isomeride, by heating m-ohloro-aniline with 
glycerine, nitrobeuzend*, and H 2 SO 4 . Liquid; 
solidifies in a freezing mixture. Volatile with 
steam. V. sol. alcohol, ether, and benzen;); 
nearly insol. water. Is probat{)y not quite pure 
(La Coste, B. 18, 2940). 

Salts. — B'HCl : colourless tables. 
B'^HyCl-^PtClf 2 aq : orange silky needles. 
B'jHjCr^O,: [119°] fine yellow silky needles; 
8. -25. 

Methylo-iodide B'Mel: [232°]; long 
yellow needles. On oxidation with £Ma 04 it 
gives the formyl-derivativQ of chloro-methyl- 
amido-benzoio acid, and chloro-methyl-isatin 
(La Ck)ste a. Bodewig, B. 17, 926; 18, 428). 

(B. 2)-Chloro-qainoline 

CC1:CH.C.CH:0H 
I « I 
OH:OaC.N : OH 

(266°). Prepared by heating p-obloraniline with 
glycerine, nitro.benzene, and H,S 04 ; the yield 
is 100 p.o. (La Coste, B. 16,660). Colourless 
liquid. 

Salts.—BHCl: soluble odourless needles. 
(BHCl) 2 ptCl 4 2aq: yellow crystalline pp. 

Meikylo-iodide B'Mel: soluble crystalline 
solid.—(BMeCiyjPtCL: orange crystalline pp. 

{Py. 3)-Chloro-quinoline CgH^NCl. [38°], 
(267°). Formedby the action of PCl,ODcarbo 8 tyTil 
or oxy-carbostyril (Friedlander a. Ostennayer, B. 
15, 333). Volatile with steam. Long needles. 
V. sol. alcohol, ether, benzene and ligroin, nearly 
insol. water. On heating with water to 120° it 
gives carbostyril. 

Chloro-qninoline O^HgClN. Formed by heat¬ 
ing cynurin with PCI, and POCUt (Eretsohy, M. 
2,77).-B'HjPtCl, 2aq. 

{Py. 1,3) - Di - chloro - qnlnoUne, called (y), 
XChCH . 

CgH,/ .| [67°]. (281°). Formed by the 

\n : ca • ^ 

action of PCI 4 on {Py. LB}.di-oxy-^inoline 
(Friedlander Weinberg, 167 8683) or on 
(Y)- 6 hbro-carbostyril (Baeyer a. Bloem, B. 16, 
2150). Blender n^les; sol. alcdxol, ether, and 
benzene, nearly insoL water. 

(B. l:4)-Di-ohloro-qnl&oUsa 
CH;CaC.CH:CH 

I I I« 9^*^* Prepared bj beating 
CH:OCLOJ?-CH | ^ 

(3:6:l)-di-chloro-aniline witn glycerin, nitro-ben- 
zene, and H 3 SO 4 (La Coste, B* 15,661)» Volatile 
ondecomposed. C»loarIeaineedlaaortahl«i> BoU 
alcohol and ether. 
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(B. 9:4)-Di-ebloro*4alaoMn* 

CC1:0H.C.0H:0H 


[104®]. Prepared by heating 


CH:OC1.(In : OH 
(4;2:l)-^‘^hioro4uuUn6 withglyaerin, nitro>ben- 
zene, ana H^SO^ (La Coste, H. 15,561). Long 
fine oolooAess needles. SI. sol. alcohol. 

iPy, 2,8)«Di<ohloro.quinoliae GgH.Cl^N is. 

.CHiCCl 

C,Hj^ id* Weak base. Prepared 

by treating hydip-oarbostyril with PCI* and dis¬ 
tilling the product with steam; the yield is 20-80 
p.o. (Baeyer, B, 12,1820). Insol. water, sol. al- 
oohoX ether, and O^H^. On reduction with HI 
it gives qaiiR>line. 

Tti-ohlcro-quinoline C^ 4 d 8 N. [108® uncor.]. 
Formed by heating phenyl-malonamio acid 
(malonanilidio acid) G 02 H.GH,.CO.NHPb with 
benzene and PGl^ (BUgheimer, B. 17, 786). Long 
cHlourless needles. Volatile with steam. Sol. 
alcohol, benzene and ligroin. By heating with 
an acetic acid solution of HI at 240® it is reduced 
to quinoline. 

Tri-ohloro-qninoUne G,H 401 jN. [161®]. From 
di-chloro-carbostyril and PCI, (Friedlander a. 
Weinberg, B. 15, 1425). Slender needles (from 
alcohol); slightly volatile with steam. 

Tri-ehloro-quinohne C 8 H 4 C 1 ,N. [211°], 

Formed by acting Ai the borate of (J3.4)-ohloro- 
quinoline with bleaching powder solution (Em- 
horn and Lauob, A. 248, 361). Needles (from 
acetic ether). 

{Py, 2)-CHL0R0.IS0QTIIN0LINE C^HaClN 
jCHiCCl 

I (?). [45®-48®]. (280®) at 753 
^CH:N 

mm. Formed by heating the di-chloro-doriva- 
tive [128®] with HI and P at 170®. By more pro¬ 
longed action at 200| it is completely di-oblori- 
Dated to isoquinoline. Long colourless needles. 
Weak base ((fabriel, B. 19,1655, 2856). 

• {Py, 2:4)-Di-ohloro*iBoquinoline G^H^Cl^N i.e. 

C :OCl • 

1 . [128®]. (806®). Formed by 

beating the imide of phenyl-aoetic-o-oarbozylio 

< CIL.CO 

I with pool, (8 pts.) at 150®. 
CO. NH 


170®. Very long flat needles (from alcohol). V. 
sol. chloroform, benzene, ether, and hot alcohol. 
Slowly volatilises with steam. By HI and P it 
is first reduced to the mono-chloro-derivative 
and finally to isoquinoline (Qabriel, B. 19,1655, 
2355). 

CHiOEO-QUIHONE C,H,C10r -(B?®? 

J^rma^ion.—1. By ^distilling cupric qulnate 
(26 g.) with NaCl (60g.),MnOa (40 g.), H^SO, 
(100 g.), ana water (170 g.) (StSdeler, ^.69, 800). 
2. By oxidation of ohloro-hydroquinone with 
CrO, (Levy 1 Sohnltx, i.210,144; B. 18,1428). 
8. By adding aqueous E^CrO, to a slightly acid 
solution of ohloro-amido-phenol sulpute (Eoll- 
repp,^.23il4). 

Pnjpertiis.m-Lonz yeuow trimetrio needles; 
c;6:c*»'47:l:l‘71; r. sol. ether, m. sol. alcohol, 
HO Ac, and hot water. Turns the akin purple. 
Heduoed by SO, to ohloro-hydroquinone. 

Beoefions.—1. When mix^ with m-nitro- 
in beniene solution, dark green crystals 


of 0 ,HaCl( 0 ),(NH,. 0 ,H 4 .N 0 J, separate. This 
breaks np into its constituents even on recrystal¬ 
lising from benzene (Niemeyer, A, 228, 822). 

2. p-Totuidine forms, in the same way, white 
plates [90®j (*0,H,Ol(OH),{C,H,N),?) 

(a)-bi-ohloro-quisone C,H. 4 C 1 , 0 , [5:2:4:!]. 
[159®]l 

FormatUm .—1. One of the products of the 
distillation of cupric qninate with MnO,, NaCl, 
and H^SO^ (Stadeler, A. 69, 300).—2. From 
benzene and 01^ (Carius, A. 143,315).—3. Toge¬ 
ther with chloro-benzene and tri-chloro-pheno- • 
malic acid, by dissolving benzene (48 g.) in 
H 2 SO 4 (300g.), diluting with water (150 g.), and, 
after cooling, adding more benzene (100 g.) and 
EGIO, (150 g.). The mixture is left to itself for 
a week (C.).—4. By the oxidation of (a)-di- 
chloro-hydroquinono with cone. HNO, (Levy a. 
Schultz, B. la! 1428; A. 210, 160).-6. By oxi- 
dation of di-chloro-p-phenylene-diamine [164°] 
with K,CruO,BndH,S 04 (Mdhlau,B.19, 2010).- 
C. By oxidation of p-di-ohloro-aniline with 
K.CrjO, and l!,S 04 .—7. Prom quinone by two 
I alternate treatments with HCl and with Fe.^Ol, 
j (Levy, B. 18, 2306).—8. By adding K 2 Cr 04 to 
^ a solution of di-chloro-amido-phenol sulphate 
(Kollrepp, A. 234, 15). 

Properties. — Yellow monoclinic crystals; 
a: 6 :c = l-15:l:2-21; 8 = 66 ® 26'(GronUng); a:b\c 
-l*09:l:l-84; 0 = 89® 11' (Fook, Z. K. 7,40). 
Sol. ether and chloroform, nearly insol. alcohol, 
insol. water. Volatile with steam. SO, reduces 
it to di-ohloro-hydroquinone [172®]. 

Reactions. —1. Aniline in acetic acid solu¬ 
tion, in presence of some HGl, forms blue plates 
of the anilide CjHCl^O^lNPhH) [6:2:4:1:3] 
[180®], whioh dissolves in oono. H 2 SO 4 giving a 
deep-blue liquid (Niemeyer, A. 228, 332).—2. If, 
after warming with aniline, the hot solution is 
tieated with HO Ac, lustrous brown plates of the 
di-anilido OjCl^OglNPhH), [290®] are formed. 
This is the so-called ‘ chloranil-anilide * obtained 
from tetra-chloro-quinone and aniline.—3. m- 
Nitro-aniline forms dark green crystals of 
C,H 201 ,Oj(NHj.C 4 H 4 .NO,), [ 110 ®] which may be 
crystallised from hot benzeno (Niemeyer, A. 
228, 322).—4. p^Toluidine forms a crystalline 
compound [115®] (" 0 ,HjCl 20 ,(C,H,N),?). 

(0)-Z)i-chloro-quinone CgHsClgOt [2:6:1:4]. 

[ 120 ®]. 

Pormafion.—1. By oxidation of trichloro- 
phenol with HNO|, or a mixture of HNO* and 
H 4 SO 4 (Faust, Z. 1867, 727; Weselsky, B. 8 , 
646; Levy a. Schults, B. 13,1428; Ouaresohi 
a. Daooomo, B. 18, 1170^—2. In small quan- 
tity by treating di-chloro-nitro-phenol p25®] 
with HNO, and H ,804 (Armstrong, Z. 1871, 
521),—3. By oxidation of di-chloro-p-phe^lone- 
* diamine with CrO, (Levy, B. 16,1446). Yellow 
trimetrio crystals, n:6:c=*7127:l:2’027. V. sol. 
boiling absohol, v. 81. sob hot water. Turns the 
skin brown. Beadiiy sublimes. Volatile with 
steam. SO, forms (0).di-ohloro-hydroqainone 
[168®]. 

Reaction^—AnUim (Imol.) in alooholio 
K>lution comaining a little HGl, forms bluish- 
violet needles or plates of the anilide 
C^Cl 50 ,(NPhH) [164®]. This is sol. alcohol 
and ether, and gives a violet-blue solution in 
oono. HgSO, (Niemeyer, i, 228,832).—9, Excess 
of aniline added to an alooholio ox aoetio aoid 





Bolatjoa forms C^ClO/SPhn}^ [3:1:4:€:S] I wiUioat moltiaji. tpanl __ 

This forms iastroos brown phtes» si ! aioohoi, m* it to! * 

Bol,aJcobol&niibens!ene,m.soI.hotIIOAo(y,).— brHOl.or bv bSSi!!**^ie(| bv 
%. w.mTO-<s.T<a.wk \ssras. 4 mV V\ to 


SzSiiSLm,.MMj 

ieedie, [73-’j (‘■a,B,CK(OH),o,n,N?). , tussium tbiixmomie 

Tri-ehJon-quinone O^MCJ^Oj. [163°]. / Dilute SxHbOj glVeS —. 

^^rapKo/SOT. — j. By cbloriuatiag quinone 2. Aqueous KOH lorms a purple solution con. 

“y ‘'““"S ‘“■‘'’'8 C.Cl,(0K),0r_3. AoCl at 170“ gives 01 
81 ^ acid With MnOj and HCI (^Stadeler, A. 09, and C,Ci,(OAo)j (Graebe, A. 116,12).-4. PCI, 
olo). 8. Together with tetraohloroquinono, by at 180° gives 0,01,.-6. Aqueous NH, itives 
§’‘wa C,Ch(NHJ(OH)0. (Erdmann^ f. or. 22, 287; 

a, 146, 9; Stenhouso, 0. J. 21, 141).— Laurent, A, Ch. [3] 8, 493).—6. Alcoholic NH, 
4 . From ten 2 eneandCrO,cfj(Carstanjen,/L ■ ‘ ‘ ‘ »oiic 


Laurent, A. Ch. [3] 8, 493).—6. Alcoholic Nh! 
forms 0,Cl2(NH2)jO*.—7. ^ alcoholic solution 


— C .i, I lormsuaWj^jNiij^jU,.—7. An alcoholic Bolutior 

•""®-■»7<*roppmgsodium hypobromite sola-j of anilitiB reacts thus: CcCL^ + 4NPhH 
slowly into a solution of the hvAlro-chlorilo ^D.ni.^NPhTTlYi xompvvTt ^un^ * /a..j_‘ 


tion slowly into a solution of the liyAlro-chlori'lo 
of tri-chloro-^i-amido-phenol: the pp. is lo- 


- CjCl2(NPhH)202 + 2NPhH2,HCl (Andresen, 
J.pr. [2] 28, 426).—8. m-Nitro-anilins forms 


4 V 1 L , XV a a * 0 - ./.77r. [ 2 j 2 a, m^Nitro-anilins forms 

ra? OH 5;*“°'’®' (M. Andresen, /. pr. almost black crystals of C,Cl,Oj(NH,.C.H,.OH), 

.nil ( 7 - •’O (Niemeyer, A. 228, 322).-9. A hot aqueous so- 

J^n, rai oa (Schmitt a. Andiosen, ! lution of NaNO, converts it into nitranilio acid; 

23, 430). I (Set, B. 20, 2027).-10. By warming an acetic 

prisms. {Jay readily be acid solution of p-amido-xylenS (4 pts.) with 
wa^^nl not colour t ic skin. Insol. cliloranil (1 pt.) there is formed a colouring 

rnn*!i'n. wfiw I matter C„H„N,0,. Sol. alcohol, ether, benz- 

aqneons KOH dssolves it, forming di-chloro-di- , ene, and acetone, insol. water. Dissolves in 
oxy-qnmone (chloranihc acid). I alkalis with a blue colour, in cone. ^SO, with 


15 4 - —» TtT-Iil ,, I wit-ii » uiuo colour, in cone. Ji,au. witli 

Reactions.— 1 . With alcoholic solution of a greenisb-blue. By CrO. it is oxidised to »■ 

ilVM it mves pllttpnnfr n florae: of 1 _ A ^ 


-.-T ov/aubtvil U 1 

anxlvM it gives glittering plates of di-cliloro- 
quinone • di - anilide : 2C,HCl20,+3PhNII, = 


xyloquinone (Sutkowski, B. 20,980). 

Tetra-chloro-o.quinoue C.OI.O, fl:2:3:4:6:61. 


Tbia^Sf^^* ^ C 8 HC]^( 0 II )2 t PhNH.HCl. I [132®]. Obtained by oxidation of' tetra-chloro- 
This substance oiystalhses from benzene m | pyrocatcchin with HNO„ or directly by passing 
J rai'oft zosi “ bluishlustre (.M. Andresen, , chlorine into a hot acetic acid solutmn of pyro- 
f- P'- [ 2 ] (1 mol. forms ■ catechm until it assumes a deep reddish-yellow 

lustrous l^fletsofC,HC10 (NPhH) Thisforms colour. Dark-red crystals. V.Ll. acetic add 
a blue solution in cone. H^SO^ (Schultz, B. 10, ^ (Zincke, B. 20,1779). 

1792; A. 210 , 180).-3. Aniline treated with ! p-DI.CHLOEO-aoilfONE-DI.CAEBOXYIIO- 
Ouinone forms blue plates of ETHYI-ETHER CXLO.lCOJdtl ri'4-2 S-.S-(il 

‘■y "‘® oi citrine 

O Hri n rr wnT i “P™ qumone-di-hydro-di-carboxylie ether (di- 

Pa°I?iM°'d ^8 r ri'^ r“ Aert ®.’‘y-‘c'cp*“>^c>m ctheri or%pon sucoinyl-sno. 

, 'T?'®"''® c®cpco3ed in alooholt Greenish. 

I. y“'‘°'^ needles. Sol. acetic acid and ohlorofom, 

Jv .1 V f cone, aqueous HCl forms tetra-- si. sol. alcohol an* ether. The Cl atoms are ex- 
onl^^ydroquinone. | tremely mobile : thus bv very dilute NaOH it ia 

i ^'ssolved with forraatio*n of di-oiy-quinone-di- 
^ mixture i carboxylic ether; by NH, or amines it is readily 
1 aniline, phenol, ' converted into di.amido-quinone.di.carboxylio 

^•nitro-phenol, ^ tn-nitro- I ether or its alkyl-derivatives. It is reduced^by 
St-jTL.?' ®®’(®y’‘c '^'3, isatm, qmmo zinc-dust and acetic acid to the colourless di- 
amMy^ine, m-amido-benzoio acid, Ac. (Hot- i chloro-hydroqninone.diwboiylio ether (di. 

Sta^lcler, . ohloro-di-oiy-terephthalio ether, q.e.) (Hantzsoh 
• 116,99, 8tenhouBe,A.78,4; A.Siippl. j a. Zeekendorf, S. 20,13101. 

^ “'®®' i di-chloro-di-oxy-torephthalie ether becomes 

anoi® a chloro-isatin prdraann, A. 48, intense greenish-yejJow when melted, changing 

“limning to the ti utomerio d'lhydride of tetra-ohloro-qui- 
HNO, (Merz a. Weith. B. 5. 4fi0h~4. Prcnov^rl i rtrvta« . 4 ; ^All— mi.* .- 1 .-.., ,1 . 


U * ^ i^cmoro- DU ,±±2 witn an mtense greenish-yellow colour, 

qumone (S g.lfor 13 hours .with fuming Iia whereas the solution in aloohol is oolourless; 

“‘'■""S ‘•’C formation of an alcoholate (wAh 2HOEt) 
aloohol (^dresen, appears in the latter case to hinder the tauto- 
‘*“3®- alcoholate can be dissociated 

*■ >>1 adding benzene to the colourless alooholio 

ao’ntion when it torife yellow CHantzsoh ik 
nde of Iodine (Stenhonse, C. J. 23,6).—8. From Herrmann, B. 21,1767). ^ 

di-ohl^oro.di.oxy.qmnone and PCI,. CHIOEO-aTHHOHE-CHLOftonDE 

iYmwrttes.—Pale yellow, lustrous scales. -NQ 

rx%ri5r^?,;sa”i.vs“'.e pa- 
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ing povder ta > Bolntion of tha hpdro-ohloride 
)( ohloro-p-smido-phenol at 0“ (Kollrepp, A. 
!34, 16). Yelloar needles ((tom alcohol oi 
HOAo). 

Si-ohloro qalnaie.chlorimide a 

/»0>r ..-I 

3,n,Cli^ I * [®:2=]J. [81°]. From di-ohloro^». 


tmido-phenol hydrochloride by treatment in the 
sold with bleaching povder (Eollrepp, A. 234, 
L9). Yellow needles; sol. alcohol; decomposes 
It 1700. ^ • 

Diehloro-qaincne di-eblorimide 


/NCI 

C,H,< I . Prepared by the action ol chloride 
\NC1 • . 


jl lime on an acid solution of p-phcnylone-di- 
imine (Krause, B. 12,47). White needles. Insol. 
:old water, sol. hot water, alcohol ether, 0,H, Ac. 
Neutral body. On reduction it gives p.phenyl- 
snwdiamine. By boiling with HCl it gives 
betraohlorophenylgue diamine. Bromine in 
scetic acid solution converts it into di-chloro-di- 
bromo-quinone. 

Iri-chlorc-qiiincns cUorimide 


C.HCI,<°ci>. [ 118 °]. 


Preparation.—By stirring a slightly acid 
solution of tri-chloro-p-amido-phcnol ( 5 . v.) with 
a solution of bleaching i)owder (Schmitt a. An* 
dresen, J.pr. [2] 23, 438; 28, 427). 

Properties.—Long yellowish needles, with 
rough ends. V. sol. hot alcohol, ether and benz* 
ene, less sol. cold water. When melted it forms 
a light-brown liquid, which boils at 186® with 
decomposition. 

Reactions. —1. Aniline (3 equiy&lents) forms 
di-chloro-quinone dianilide: 

C,C1.H<^q,> + SPhNH, + Mfi 

= O.Cl,(NPhH),<2> + PhNH,,nCl + NH,C1. 

But«when excess of aniline (6 mols.) is added to 
saturated alooholio solution of fbe cbloro-imido 
at 60® a violent reaction occurs, and the crystals 
which ultimately separate contain another body 
also. This is di-phenyl-di-amido'chloro-guinone' 

cUaro-phmyl-imide, C.Cl(NPhH),H<^Q‘^> , 

[105®]. It forms long elastic n 6 edles(from alcohol). 
It is sol. ether, benzene, glacial acetic acid and 
CSg. (a) Nitrons acid passed into its alcoholic 
solution produces an unstable nitroso-derivativo. 
( 6 ) It is not a&ected by boiling aqueous potash, 
but is converted by alcoholic potash into glitter¬ 
ing red needles of 0,0l(NPhH);H{0Na){NPhNa). 
But this compound is so unstable that #cohol 
reconvicts it into the original body with simul¬ 
taneous formation/>f NaO&t. ( 0 ) Turning HGl 
mixed with sSoohol reacts thus: • 

C.Cl(NPhH)^<^^*'>++ HOI 

-0,Cl(NPhH)^<°> + PhNHj,HCl (Anare- 

sen, J. pr. [2] 28,427).—2. The ethyl derivative 
of o-eiuido-phenol (0,Hj(6Et)NHJ acts upon 
tri-chloro-quinone^ihlorimide in a similar way, 
(orming di-ethoxy-di-phenyl-di-ehloro-qainone: 

C,Cl,(NH.O,H,.OEt),Or about 

poo°], orystallises bom alcohol in glittering 
brown prisms, and is thrown down as a grass- 


green pp. when water is added to its alooholio 
solntion. It ie not dissolved by alkalis, but 
forms a deep-blue solution with H,SO,.— 
S. DimtikyUanilint in warm alooholio aolution 


0 ,01,H< 


\n.o.h,. 


4 


aotsthoa: I +2PhNMe,M 


.NMe, 


Cl 

■fOANMe^HOL Trl- 


obloro-quinone-di-methyl-amido-phenyl-imide is 

almost insoluble in water. It crystallises from 
alcohol in golden-green needles which have a 
blue streak (when sorstched) and are very tough. 
It is V. sol. ether, benzene, and chlorofdrm. It 
is reduced by SOj to di-methyi-amido-phenyl* 
tri * chioro • phenol, 0,Cl8H(OH).NH.OsH,NMe.,. 
This latter is insoluble in water, readily soluble 
in ether, benzene and chloroform. Beery stallised 
from alcohol, it melts at [139®], but its alooholio 
solution is readily oxidised by the air to the pre¬ 
ceding imide. Salt.—B'RCl. The aulphonic 
Mid of this ba 8 ei)aCl,(S 03 H)( 0 H).NH. 0 ANMe, 
is formed along with the base itself by the action 
of SO.g on tri-chloro-quinone-di-methyl-amido- 
phenyl-imide. It crystallises in pearly plates 
when HCl is added to its solution in NHj. It 
is insoluble in water, alcohol, ether and benz¬ 
ene. BaCls added to a solution of the acid in 
an alkali gives app. which may bo recrystallised 
from hot water (Schmitt a. Andrescu,*/. pr. 132, 
42G).— i. Aqueous HCl acts upon tri-chloro- 
quinone-chloro-imide as follows: 

+ HjO + 2HC1 

-0.C1,H<^ + NH,C1 + C1,. HBr acts simi¬ 
larly (Andresen, J.pr. [2] 28, 435). 

Di.ohloro-quinone-di-chlorimide 

vNCl 

CeH,Cl,V I [ 6 : 2 : 4 :!]. [ 135 ®]. Formed by 
^NCl 


treatment of a dilute HCl solution of di-chloro- 
p-phenylene diamine [104®] with chloride of lime 
(Md)ilau, B. 19, 2011). Colourless prisms (from 
ether). Sublimable. • 

CHLOEO-BESORCIN CACl(OH),. [89®]. 
(266®). 

Pr^rafion.—Sulphuiyl chloride (II pts.) is 
added gradually to a dhlation of resorcin (1 pt.) 
in dry ether (3 pts.). CA(^^^)j *** 
-HCUSOj + CACl(OH)j. 

Prqper<i«.—Sol. water, alcohol, ether, benz¬ 
ene, and CSj. Crystailiseif with dithoulty. Its 
aqueous solution is feebly %pid to litmus. Am¬ 
monia turns its aqueous solution first yellow, 
then green; acids decolourise this liquid. Fe^Cl^ 
gives a bluish-violet colour. Ammoniacal silver 
■olution is reduced on boiling (G. Beiuhard, 
J.pr. 126,3231. Bromine gives ohloro-di-bromo- 
resorcin * 

Bemoyl derivative OAGKOBz)g. 
[98®]. Hexagonal crystals (from alcohol). la- 
sol. water. 

Dimethyl ether [118®]. 

From di-met%l resorcin ia HOAo aad Cl 
(HOnig, B. 11, 1039). Loag needles (from 
alcohm). Insol. cold HOAo, v. sol. ether. 

Bl-ohloro-reioroin- 0 gHg 01 g( 0 H) 3 . p?®]. 

(249®). Formed by stirring, and finely meltine, 
a mixture of aulphuryl chloride (2^ pts.) with 



ISO 


OHIiORa-RESORCm. 


fBSQfoin (1 pt). Purified by BQbUm&tion. The 
yield is 80 p.o. (G. Bernhard, J. pr. [2] 17, 828). 

Properties,—Y. aol. water, alcohol, ether, 
benzene, and CS^. Aqaeous solutions are feebly 
acid to litmns, reduce boiling ammoniscal silver 
nitrate, and give a bluish-red colour with Fe^Cl,. 

Reactions.—1, With bromine-water i* gives 
di-chloro-bromo-resorcin (j.v.l.—2.WithC180,H 
it forms a crystalline insoluble powder 
OijH^Cl,8,0,, probably the anhydrideofdi-cbloro« 
resorcin suiphonio acid ( 0 «HCl 2 {S 0 ,H) 0 H), 0 . 

Bensoyl iferivafive O^HCyOBz), [127**]. 

Di-methyl ether 0fH^Cl,(0Me)2. From 
di-methyl-resorcin in HOAp by01(Hdnig, B. 11, 
1039). Oil; decomposed at U0‘’. 

Suiphonio acid OsHCl 2 (OH)jSOsH. A 
white powder, sol. water and dcohol. Formed 
by dissolving its anhydride (see above) in K^CO,, 
acidifying, evaporating, and Extracting with 
aioohoL Saff.-'BaAV 

Tri-chloro^resoroin OeHCl,(OH),. [83°] and 
[78^. 

Preparations. —1. By digesting resorcin with 
sulphuryl chloride (6 pts.) for 8 hours at 100^. 
Orystallised from water. The yield is .SO p.o.— 
2. Resorcin (20 g.) dissolved in water (80 g.) is 
kept cool and treated with chlorine gas until the 
red colour, which first appears, is nearly gone. 
The liquid is heated to 70'^, filtered from resin 
and allowed to deposit crystals.—3. By chlori¬ 
nating a solution of resorcin (100 g.) in HOAo 
<250 g.) (Benedikt, M. 4, 224). 

Silky needles, si. sol. cold water, 
V. sol. hot water, alcohol, and ether. When 
purified by sublimation it is yellow and melts at 
[73^]. Its solutions resemble those of chloro- 
resorcin in behaviour towards litmus and AgNO,. 
With FegCl, it gives a wine-red colour on 
warming (Beinhard, J.pr. [2] 17,336). Oxidised 
by E,FeCy« to C,H,CiiO, [60®] (Stenhouse a. 
Groves, B. 13,1807). 

Bensoyl derivative C4HCl,(0Bz),. [IBS'*]. 
Glittering prisms (from alcohol). 

Tri-chioro-resorcin C„HCI,(OH)j. [69®]. 
Formed by the action of EHSO, on pcnta-chloro- 
resor^ (GUassen, B. 11,1441). White needles, 
y. sot alcohol, ether, and hot water. May be 
identical with &e preceding. 

T«tra>cliloro*resoroin.(, Di-propyl ether 
0,01^(0C,H|),. From di^propyl-resorcin and Cl 
(Kanof, B. 13, 1678). Inquid; decomposed at 
100®. 8oL alcohol and HOAo; si. sol. water. 

Peata..ehloro>resoi$hi C,Cn 4 (OH)(OCl) or 
C,Cl,(OyO(OH). [92*6®]. Formed by adding 
altematdj in amall ^rtions EClO, j5 pts.) and 
a solution of resorcin (2 pta.) in HCl (8 pts.) to 
toool^ HCl (40 pts. of S.G. 1*17) (Stenhouse, Pr, 

78). Plates or flat prisms (from OSJ. V,. 
ioL C^ and benzene, v. e. sol. alcohol and ether. 
Clhanges in the air into a guodifioation melting 
y (Liebermann a. Hittler, ii. ^169, 265). 
Sot wat^ effects the same change. 

BMcUons. —1. Dissolves in a cold solution of 
potassium bisulphite with evolution of beat and 
formation of trl-chloro-resoroin [08®] (Olaassen, 
B, 11,1441). HI appears also to form tri-ohloro* 
resorcin (Stenhouse, C. N. 23,230).-~2. Unlike 
penta-bromo-resoroin, it is,not affeotad by aide* 
D/de and fmmio add. 

OBUSOaxiEBE «. &inu. 


GHLOBO'BOSAKIUNS v, Dx-cHLOBo-m* 

lUXDO*TBt*PHSMTX.-OjlBBINOn. 

CHLOBO'SALICIN v. Sazjoin. 
CHLOBO-SAUCTLIO ACID v. OBiaab-o-au- 

BBNZOIO Aom. ^ Cl 

CHLOBO-SBLICTLOI e. CHtoBo>^ozT*BiEX« 

ZOXO ALDSBTDB. <> 

CHLOEO-SAUOEKXN v, GhxiOBO*oxt-bskzt£« 

AZOOnOL. 

PEB-CHL0B0-8EBACIC ACID O^Cli.HjO^. 
Per-chloro-butyl s^AerC„ci„(C^C4),0,. 
[172®]. (200®).'“ From butyl sebacate and Cl in 
sunshine (Gehring, 0. R. 104,1624). Hexagonal 
prisms. 

Per-chloro-isoamyl ether 
0 „Cl,^(CjCI,,) 3 O,. [179®]. Frpm isoamyl seba- 
cate and Cl in sunshine (G.). Tough trimotric 
' prisms (by sublimation); volatile with steam. 
I Insol. water, si. so), alcohol, v. sol. ether, benz- 
I one, chloroform, and ligroin. 
j CHLOEO-STEAEIC ACID O.^H^ClOj. Fr'^m 
stearic acid and Cl at 100® (Hardwick, C. J. 2, 
[ 232). 

CHLOEO-STILBENE v. Chloro-di-pbcmtl* 

ETUTLBNR. 

CHhORO-STEYCHNINE v. Stryciinike. 
(«).CHL0B0-STYSENE 0,H,.CH;CHCL 
(196®) at 716 mm. 

i Formation. —1. By distilling styrene di* 
chloride C^Hi-CHChCH^Ci /lither alone or over 
i CaO (Byth a. Hofmann, A. 63, 310). -2. By 
I heating C«H,.CH,..CHCl 3 with alcoholic KOH at 
I 120 ® (Forrer, B. i?, 983). 

! Properties.— with pungent odour. 
Cone, alcoholic KOH followed by distillation 
with water gives phenyl-acetic aldehyde. KCy 
gives the nitrile of phenyl-succinic acid (Biig* 
heimer, B. 14, 428). 

(a)-ChIoro- 8 tyreiie O^H,.CCl:CHa. (199®). 
S.O.« 1*112. 

Formation. —1. By treating cinnamic acid 
with KOCl or with HCl and potai>£ium chlorate 
(Stenhouse, A. 55, 1; 67, 79).—2. By heating 
C«H 4 .CHC 1 .CH(( 3 II).C 02 H with water at 210 ® 
(Glaser, A. 164, 166).—3. From C,H..C04.0H, 
and alcoholic KOH (Friedel, C. R. 67, 1192; 
Erlenraeyer, B. 12, 1609).— i. By neutralising a 
solution of C 0 H 1 .OHOl.CHCl.GO 3 H (Erlenmeyer, 
B. 14, 1867). 

Properties,—-la<ixadL, with the odour of hya* 
cintbs. Does not so readily give up its 01 as 
the preceding. But by heating with water 
acetophenone may be formed (Erlenmeyer, B, 
14,323). 

«a*Di-chloro- 8 tyrene 0«Ho.CCl:GHCl. (221^. 
From CoHj.CO.CBjCl and PCI, (Dyckerhoff, B. 
10,120,633). 

CHLOEO-SDBEBAKB CABBOXYIIO^ACID 
CjHijCLOOiH. From the cerrespoDding oxy- 
aoid and HCf. Oil; sol. alcohol and ether. 
KOH gives suberene carboxylic ^id 0 ,H „03 
(Dale a. Sohorlemmer, C, J. 89, 639). 

CHDORO-SUBEBXO ACID C,H„01O,. From 
suberic acid and 01 (Bauer a. GrOger, M. 1, 
610; 4,841). Syrupy sol. water, v.’e. sol. ether. 

CHIOBO.S:rB£BORIO ao£) o.h„cio,. 
From oz 7 -auberia aoid and oono. HCl at 180° 
(Spiagel, A. 311, 119), Oil; T. sol. alcohol and 
ether. Converted by sodium amalgam into 
enberonio acid. Boiling NaOHAg {arms 0,HuO,. 
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CHIOSO-BVCOIHIO ACID | 

CO^.OH,.OHCI.CO,H. [IS-i”]. Prepared by 
hewig fjmario acid with a solution of HOI in 
olaoial acetic acid (Anschutz a. Bennert, B. 15, 
(i42j. C](ystallii* solid. Sol. wjter and acetic 
acid, si. soh chloroform. 

• CHaoo 

Anhydride I >0. [41=]. (130= at 
OH,. CO 

16 mm.). Prepared by heating the acid with 
acetyl chloride. Formed as a by-product, when 
maleic anhydrid# is produced by heating Iiimaric 
acid with AcCl for 8 hre. at 140= (Perkin, 0. J. 
41, 269). Crystalline solid Sol. chloroform. 
On heating it decomposes into maleic anhydride 
and HCL • • 

Di-chloro-asccinic acid OjH,Clj(CO.,H).,. Two 
acids of this constitution are formed by the 
union of Cl with fumario and maleio acids re¬ 
spectively. They difler in melting-point and 
sflubility (Petriefl, Bl. [2] 41, S09). 

Tetra-ohloro^uccimc acid. Per^chloro- 
ethyl ether C,Cl.(COACli)r [116=-120=). 
From succinic ether and Cl in sunshine (Cahours, 
A, 47, 294). Small needles. Dcconumscd by 
solution in alcohol, and by alcoholic hOU, tri- 
chloro-acetio acid being among the products. 
Ammonia forms tri-chloro-acctamide and other 
products (c/. Maiaguti, A. Ch. [3] 16, 72). 

CHLOKO-SULPaO-ACEIIC ACID 


CHCl(SOjH).CO,H. From chloro-aoetic acid and 
ClSOjH. Formed also by oxidation of thio- 
hydsntoin by KCiOg and HCl (Andreasch, Af. 7, , 
169).-I)r.A"nq : S. 2-6 at 17=.—K.,A" IJaq.—' 
(NH,),A'': needles, v. sol. water.—AgjA' jaq: 


prisms. 

CHIOEO-SBIPEO-BENZOIO ACID 
OACISO, U. C,H,Cl(SO,H)(COjH) [l:3or5:2]. 
From o-ohloro-toluene sulphonio acid by oxida¬ 
tion with chromic nyxture (Hiibner a. Majert, 

B. 6, 792). -KHA" aq.—BaA" 2aq.—PbA" 2aq. 
Chloro-BuIIibo-benzoic acid 

C, H.Cl(SO,H)(COjH) [1:3?;5]. From m-chloro- 
benzoic acid and SO, (Ottd, A, 123, 216). 
Needles (containing xaq); v. sol. water, alcohol, 
and ether. With PCI, it gives di-chloro-bonzoic 
chloride.—KHA" llaq. —K,A" 3aq.—BaA"2aq.— 
BaHgA", 4aq.—CaHgA", 8aq. - PbA" 3aq. 

Amide C,H,C1(80,NH,)(C0NHJ; crystals. 
Chlorc-snlphn-benzoic acid 
C,H,Cl(SO,H)(CO.,H) [1:2:4]. From p-chloro- 
benzoic acid and fuming H,SO, at 130° (Ciillen, 
A. 191, 29; B. 9, 768, 1248). Long needles 
(from water). 81. sol. alcohol and ether. 

Salta.—NaHA" 2aq.—Ag,A" aq.—BaA" 3aq. 
MgA" 6aq.—ZnA" 4aq.—CuAJ 6aq.—PbA" 4aq. 

Chloride C.H,C1(80,C1)C0,H. •[140»- 

160«K Needles (from other). 

(a).CHLOBO.X£K£BIC AOIB O^H^CIO^ i.e, 
(CHJ,0,CHft)OJH).CH,.CO.O? (frosty A. 226, 

803). [191*5. Prom terebio acid (1 mol.) and 
PClj (3 mols.) (Williams, B. 6,1097; Bosor, A. 
220,205). The {^j-isomeride is formed at the 
same time. Y. sol. hot water, alcohol, or ether. 
At 150* it Begms to subliibe. 

Reaction.-^. Splits off HCl, forming terebi- 
lenio acid C,n ,04 (j.v.), when heated to 200°,or 
with water at 140*, or by boiling with NaOEt 
(W. Eoser, A. 220,261).—2. Boiled with water 
and OaCO| it forms ozy*terebic add.—8a With 


Pd, at 130*>-140* forms ohloro-terebilenic 
acid. 

Salta.—CaA" 2aq.—AgHA".—PbA" 8 aq. 

(3).Chloro<tereblo acid G^HyClO, i.e. 
{OH,)j.O.OBr(CO,H).CHrCO.O(?) [168*]. Formed 

by theeaction of GI on teraconic acid in presenoe 
of water in the cold. Colourless, transparent, tri* 
metric crystals; a:6:C'“0‘9827:i;0*7137. Easily 
decomposed by boiling water into HCl and tere* 
bilio acid: C, 11,04 (Frost, A. 226, 863). 

CHLORO.TEREBILENIC ACID C,H,C10, i.e. , 
Me,aC(C0,H):CClC0.0 (?) [200*-203°]. From 

chloro-terebio acid [191*] and PCh aU140° (W. 
Boser, A. 220, 265). Small prisms. V. sol. 
water. Not affected by boiling water, hardly 
oven by boiling with moist Ag^O. 

S alts.—CaV,2aq.—AgA'. 

CHLORO.TEKEPHTHALIC ACID 
C,H, Cl(CO^), [1:2:5]. [123^]. Formed by 

oxidising CaHjClfCjHJj with bichromate mix¬ 
ture and septjruting the two isomeric acids 
formed by boiling water. White crystals; iiisol. 
boiling aq; sol. ammonia, reppd. by HCl as a 
curdy pp. resembling AgCl; si. sol. warm alco¬ 
hol ; sol. benzene, CHC1|, CSj and ether; sol. hot 
ligrom. Sublimes at 100*. It distils without 
forming any anhydride (Istroti, A. Ch. [6] 6, 
418). 

Chloro-terephthalio acid CyH,Cl(G 02 H), 
[2:1:4]. [above 300*]. Obtained by the action of 
cuprous chloride upon the diazo- compound from 
amido-terephthalio acid. Colourless crystals. 

V. sol. alcohol and ether, si. sol. hot water.— 

Ag A": white pp. 

Di^methyl ether A"Me,: [60®]; silligf 
plates; v. sol. alcohol and ether, si. sol. water. 

Chloride CaHyCHCOCl),: (c,300®); crys- 
talline. 

Amide C,H,Cl(CONHJ,: [above 800®]; white 
crystalline crusts; si. sol. water (Ahrens, B. 19, 
1638). 

Di-chloro-terepbthalio acid OaHjCl,(C 03 H), 
[5:2:4:!]. From the dihydride and dilute HNO|. 
Hair-like needles; does not melt at 300®.* 

Methyl ether [132®]. 

Dihydride CyHAiCO^H),. [0.274®]. From 
sucoinyl-succmio cthqy (1 mol.land PClj (4 mols.) 
(Levy a. Andreocci, B. 21, 14o3). Scales (from 
water). Y. sol. alcohol and ether, si. sol. oena- 
ene, OKC!,, and CS^.—BaA" 3aq.—CaA" 4aq.— 
NaHA" 3aq.—Ag,A".~M^". [110®].-EtsA". 
[71®]. 

TBI.CHL0E0-DI.THli»tIi-ETHANE 
CC 1 j.CH(C 4 H,S),. [76®]. Obtained by adding 
H 4 SO 4 to a mixture of thiophene and ohloral^Si, 
^dissolved in aoetio acid (Peter, B. 17, 1341)*.v‘> 
Xolourless tables. Y. sol. ether, petroleum-;, 
ether. CSj, and hot^loohol, si. sol. cold aloohoU? 
Heated with isstin and it gives a violet*' 
red colour. .fi 

DI-CHLOBO-DI-THEftNYL-ETHyiENE 
CCl,;C(C,H,S)g. Formed by boiling tri-ohloro- 
di-thianyl-etfcno with alooholio KOH, or, bettor, 
KCN (Peter, B. 17, 1843). Colourless oil. Yola- 
tile with steom. With isatin and H,SO, it gives 
a violet-blue colour.. 

OHIOBO-THlSN’ra MBTHTL BSTOHB 
O,SHj0l.OO.CHr OAloro 4 icsfo(fct«itotts. [69=]. 
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Formed by the aotioD of acetyl ehloride apon 
ehloFO-thiophene in presence of Al,01«. Largo 
ooloniless tables (from alcohol or ether). Very 
Tolatile with steam. By alkaline EMnO, it is 
oxidised to chloro-thiophene-carboxylie acid 
[140®]. 

Phenyl-hydraiidt < 

C,SII,aC{N,HPh).OH,: [108®]; yellow tables; 
eol. hot alcohol (Gattermann a. Bdmer, B. 19, 
693). 

Isomeride: Thzbntl onLOBo-srETOTL ektonb. 

CHLOBO-THIO.ACETIC ACID CHjCl.CS.OH. 

Ethyl ether A'Et. (167°). Prepared by 
heating ohloro-acetio ether,with at 140® 

(Meyer, £«14,1508). Liquid. 

Di-chloro-thio-aoetio acid GHCI 2 .OS.OH. 

Ethyl ether A'Et. (178°). Prepared by 
heating di-ohloro-acetic ether with PjS, at 180® 
(Meyer, B. 14,1507). Oil. 

p.CHLOBO.DI.THIO.BENZOIC ACID 
C^H^Cl.CSjH. From 0^11,01.001, and alcoholic 
potassiom sulphide (Engelhardt a. Latschiuoff, 
^.1868, 459).—HgA',: greenish-golden lamin® 
(from alcohol).—PbA',: brick-red pp. 

CHLOEO-XHIO-CABBONYL CHLOBIDE 0 . 
THio>oaBBONTL cHiiORiDE, Tol. i. p. 695. See also 

PKaK}BXOBO-METBTL MERCAPTAN. 

CHLOBO ■ THIO • CABBONYI BULPHDB- 
CHLOBIDE CSCl.SCl. (140- in vacw). Oil. 
Formed by heating CSCl^ with sulphur at 130®- 
150°. By chlorine it is convfeted into ^r« 
ehloro-methyl-mercaptan and sulphur chloride, 
as foUows: 2CSC1.8C1 + 801,« 2001,.SCI SjCl,. 
Heated with sulphur at about 160® it yields OS, 
and S..CL (Klason, B. 20, 2381). 

CHLOBO-THIO-FOBMIC ACID Cl.CO.S.H. 

Amyl ether Cl.CO.S.C,H„. (103®). S.G. 

1-078. Mo 1*4766. 

Preparation, —By saturating amyl mercaptan 
with COCi,, and, after a few days, fractionally 
distilling the product (H. SchSne, J. pr. [2] 32, 
243). 

Properties.-^k liquid of unpleasant odour, 
between that of amyl alcohol and that of mer* 
captan. It does not fume in the air. 

—1. Converted by KaSMe into 
CO(SC,H„)(SMe).—2. Converted by NaOEt 
into CO(SC,H„)(OEt).— 8 . Dry NH, forma j 

C 0 (SCJH„)(NH 2 ).—4. With aniline it forms | 
CO(S.C,H„)NPliir (t>. PAenyl xHiomiRBAMio 
Acm), — 5. It reacts with urea forming 
NH 2 .COJfH.CO. 8 CsH,, (t>. THIO-ALLOPHlNICACin). 
6 . With phenyl • thio • urea it gives rise to 
NPhicS.NH.CO.S.CjH,, {v. Phenyl-di-tuio- 
AnLoPBAMio acid).—7. With diphenyLthio-urea it 
forms NPhH.CS.NPh.CO.S.C,H„ (v. Di-phe-syl- 

DZ-THIO-AIXOPHANIO ACID). 

Ethyl ether Cl.CO.SEt. (136°). S.G. « 
1*84. From 0001, and mercaptan (Salomon, 
J, pr. [2] 7,262). Oil. Converted by NH, into 
NH«CO.SEt. 

Chloro-thio'formie acid C1.CS.OH. 

Ethyl ether CLCS.OEt. (186®). Formed 
Q small quantity by the action of alcohol on 
DSCl, (Klason, B. 20,2884). Converted by NH, 
nto xanthogenamide NH 2 .CS.OEt. « 

Chloro.di'thio-fonnio ether OLCS.SEt. (100®) 
n vacuo. S.G. H1-141. From CSCl, and EtSH. 
I'ellow oil, smelling like garlic (K.). 

, CHLOBO-THIOPHEBE C,E,CIS. (130®). 
Ibtained, together with di'Chloio^thiophene, by 


passing chlorine into crude thiophene (Weitz,B. 
17, 794). Strongly refractive colourless oil. 
Gives the indophenine reaction. 

Di-chloro-thiophene O 4 H 2 CI 2 S. (170°). Ob- 
tained, together>^ith the mono-cthloro-tUophene, 
by passing ohlonne into crude thiophene (Weitz, 
B. 17, 794). Heavy oil. Gives the inCophenme 
reaction. 

Tri-chloro-thiophene C^SHCl,. (200° uncor.). 
A by-product in the preparation of tetra-chloro- 
thiophene (Bosenberg, B. 19, 650). Heavy oil. 
Gives the indophenine reaction.^ 

Tetra-chloro-thiopheneCAk [36°]. (246°). 
Obtained by passing chlorine into di-bromo* 
thiophene (Weitz, B. 17, 792). Long white 
needles. » «* 

CHLOBO-THIOPHENE-CABBOXYLIC ACID 
C^SH^ClICOaH). Chloro-thiophcnic acid. [140®J. 
Formed by oxidation of chloro-thienyl methyl 
ketone with alkaline KMnO^. Colourless needles 
(from hot water). Sublimes in spikes. SI. soli 
water (Gattermann a. Eoraer, Br 19, 694). 

TETBA - CHLOBO - THIOPHENE TETBA - 
CHLORIDE C4C1,S. [215®]. 

Preparation .—Chlorine is passed into a sola* 
tion of iodo-thiophene in CHCl,. The liquid is 
shaken with aqueous NaOH, the chloroform 
evaporated, the residue extracted with alcohol 
and crystallised from chloroform. 

Properties .—Thick prismtf, resembling urea. 
A pungent, but not unpleasant odour. V. sol. 
chloroform, ether, benzene, GS,, glacial acetic 
acid, and alcohol (C. Wiilgerodt, ,7. |>r. [2] 33, 
150). 

TRI - CHLOBO . THIOPHENE - 8OLPH0NIC 
ACID C 4 SC 1 ,.S 0 ,H. Formed by boiling the an¬ 
hydride with water or alkalis. 

Anhydride ( 048013 . 802 ) 20 . Formed by the 
action of pyrosulphurio acid upon tri-chloro- 
thiophene. White glisteiang crystals. Sol. 
benzene, nearly insol. water, alool^ol, and ethor 
(Bosenberg, B. 19,651). * ^ 

CHLOBO - THSMOHYDEOQOINONE J, 
Chlobo-hydbo-thymoquinonb. 

TEI - CHLOBO - THYMOL C, JI„CI,0 i.e. 
C^C\,{C,B.,){Olli){OR). [61®]. From thymol and 
Cl in daylight (LaUemand, A. Ch. [3] 49,148). 
Lemon-yellow monoclinic prisms. Decomposes 
at about 180®. Cone. H 2 SO 4 at 100® converts it 
into a crystalline body [46®j (250®). 

Penta-chloio-thyznol C,JHjCIjO. [98°]. From 
thymol and Cl in bright daylight (L.). Hard 
crystals. At 200® it splits up into propylene, 
HCl, and tri-chloro-cresol. 

o-CHLOBO-THYMOQUINONE C,HMePrC10, 
[l:4:2:3^6]. Formed by oxidation of the corre¬ 
sponding hydroquinone ^ith I^e,Cl,. Yellojrish 
mobile oil. Easily volatile with steam. Y, sol. 
alcohol and eth<^ (Sohniter, B. 20,1817). 

m - Chlopo - thymoquinone C«HMePrC10, 
[1:4:5:3:6]. Formedfromm-bromo-thymoquinone 
by treatment with chlorine, the Br being re¬ 
placed by Cl. Oil (Sohniter, B. 20,1819). 

Di - chloro - thymoqjilnone 0 ,ai 2 MePr<[^ 

[99®]. The ethereal extract from Lie product of 
the action of HCl on thymo-quinone-ohlor- 
imide (g. v.) is evaporated and distilled with 
steam. It crystallises in the receiver. 

Properties.—Trimetric tablets (from alcohol). 
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Jurned brown by light. Not reduced by SO, ». Majert, B. 6 , 794).—S. By heating yi-diazo- 
Andresen, J.pr. [2] 28,176). toluene with a largo excess ot HCl; the yield is 

CH1.0B0. - TNYKO - QuINONE CHLOK - 40 p.o. of the theoretioai (Gasiorowski a. Wayes, 

hide C.H01MePj<§j,,. An oi^ prepared by Not attacked by water 

,dding a solation o£ bleaching powder to the at 200°, nor by alcoholic NH, at 100® or alcoholio 
lydrochloridl of ohloro-amido4hymol, exactly Na^S.NclBSiOrNaOKtatlSO®. Gbromio mixture 
.s described under thymo-quinone-ohlorimide. gives p*ohloro'b 6 nzoio acid. On nitration it gives 
Cone. HCl acts upon it exactly (4:2:1) chloro*iutro*tolaene [38°], and (4:3:1) 
,s it does upon thymo-quinone-ohlordmide, chloro-nitro^toluene [9°] (Ooldsch^dt a. Hdnig, 
orming chloro-amido-thymol, chloro4hymo> B. 19,2438). 

uinone, and di*oh(prothymoquinoifb {q. v.) (An- <tf-c1iloro-tolnene v. Behztl cnLoiUDE. 
resen, /. pr. 131,187). (/3)-Di-ohIoro-toInene C„H,(CHg)CL[l:2:4]. 

CBXOEO.TIGLIC ACIB C 4 H,Cl.CO.,H. [69°]. (197°) (S.). S.G. |2 1*2460 (L. a. K.). From 
210°). Formed by the action of alcoholic C^HaMeCl(NO.,)[l:2:4] vid C^HjMeC^NHj) (Lell- 
iOH upon (a)^-okloro-di-methyl- 8 uocinio acid mann a. Klotz, A. 231, 314). Formed also by 
'OjU.CClMe.CClMe.CO^, or by heating the chlorinating p-chloro-toluene (Seelig, A. 237, 
liver-salt with water (Otto a. Beckurts, B, 18, 167). Oil. Gives di-chloro-benzoio acid [158°]. 
•53). Formed also by treating methyl-aceto- Di-chloro-tolulne C,H,(CH 3 )Cl 2 [l: 2 : 6 ]. [5°] 
,cctic other with PCI, followed by water (Riicker, (104° uncor.) at 745 mm. S.G. Ig 1*2535. From 
l.2il, 64; Bemarpay, B. 10,1177). Glistening C,H 3 Me(NH.JCI[l: 2 : 5 ] by diazo-reaction (Lell- 
dates, or small ne^les. Sublimable and easily mann a. Klotz, .4. 231, 318). Gives di-cbloro- 
olatile with steam. Y. sol. alcohol and ether, benzoic acid [1563]. 

1 . sol. oold water. Decomposed by aqueous Di-chloro-toluene C„Hs{CH,)Cl 2 [l: 3 : 5 ]. [26°]. 
iOH at 160° into CO, and methyl otliyl ketone (195° uncor.) at 729 mm. Prepared from 
Friedrich, A. 219, 859).~BaA'2.—ZnA'^ 1 ^aq.— C„HjM 6 (NH JCl 2 [l: 4 : 3 : 5 ] by diazo- reaction (Lell- 
LgA^ mann a. Klotz, A. 231, 323). Gives di-chloro* 

Ethylether1S,ik'. (174°) (B.); (179°) (D.). benzoic acid [182°]. 

)il. (al-Di-chloro-tolnene C,Hj(CH 3 )Clj[l: 2 : 3 }. 

BI-CHLOEO-TOLBiARBOSTTEIL v. Di- (197°). Formed by the action of chlorine on 
HLORo-oxY-MBTHTL-QciNOLiNR, toluciie in prosonco of ferric chloride or other 

o-CHLOEO-TOLYENE C,H,Cli.«. carriers (Seelig, A. 237, 157). Yields a nitre- 

),H,(CH,)C1 [1:2]. Mol. w. 126^. (164°ancor.). derivative [61°] or a dinitro-derivative [122°]. 

Formation.~X. In small quantity, together On oxidation with alkaline permanganate it gives 
nth tbep-modiheation, by chlorinating toluene di-chloro-benzoic acid [ 1 GG°]. 

□ presence of iodine (Hubner a. Majert, B. 6 , Di-chloro-tolueno C„H 3 (CI-Ij)Cl 2 [1:3:4]. (200* 
90).--2. By running a solution of NaNO, into a uncor.) at 740 mm. S.G. 1*2512. 
lot solution of o-toluidine, and CUjClj in dilute Fon)iatton.— l. From CglljMeC^NHa) [1:3:4] 
ICl (Sandmeyer, B. 17, 2651; cf. Beilstcin a. by diazo-reaction (Lellmann a. Klotz, 4.231,311). 
kuhlberg, A. 166, 79).-f-3. By heating o-diazo- 2. A product of the chlorination of toluene in 
oluene with a large excess of strong HCl; the presence of carriers (Beilstein a. Geitncr, A. 139, 
ield is 40 p.o. (ft the theoretical (Gasiorowski a. 341; Beilstein a. Kuhlberg, A. 150, 313; Aron- 
VaySB, B. 18, 1939).-—4. By decomposing with heim a. Dietrich, B. 8 , 1401; Neubof, Z. [2] 2, 

uperheated steam the Bulphoni<f acid obtained 653; Schultz, 4. 187, 263).—3. From chioro-p- 

•y acting on commercial mono-chloro-toluene cresol and PCI 5 (Schall a. Dralle, B. 17, 2535). 
nth sulphuric acid. The o-compound is much Properties. —Oil. Gives on oxidationedi- 
aore easily solphonated than the p- compound, ohloro-benzoic acid [ 201 °]. 

»nd the Ca and Na salts of the resulting acid are ap-Di-ohloro-toluene [4:1] CgHiCl.CHjCl. p- 
Queh leas soluble. The separation is, however, ChU^o-beni^l chloride. [29®]. (213°). 
lot a perfect one (Seelig, 4. 237,151,155). Formation.—1. By * chlorinating p-chloro- 

•Prq^fiM.-^Liquid. Gonveiied by oxidation toluene at 160° (Neuhof, 4.146, 320; Jackson a. 
nto o-ohloro-benzoio acid (Wroblewsky, Z. [2] Field, Am. 2, 85; P. Am. A. 14, 54; B. 11, 904). 

460). On nitration it gives a mixture of 2. By chlorinating cold benzyl chloride in pre* 
loH*(CH,)Cl(NO^ [1:2:6] and [1:2:6] (HOnig, B. sence of iodine (N.). » 

!0, 2417). Properfiss.—Needles or prisms; insol. water, 

m-Chloro-tolnene C^.(CH|)Q1 [1:3]. (166°). sol. alcohol and other. Powerfully attacks the 
^rom m-toluidine by displacement of NHj 9y Cl mucous membrane. Yery volatile. Oxidation 
hrougb ^the diazo- reaction. Formed also by gives p-cliloro-bonzoio acid. Boiling water forms 
liininatiDg NH, frgm chloro^-toluidine (Wro- p-ahloro-benzylalcohol. BoiUngaqueou 8 Pb(NOi)a 
>Iew 8 ky, 4. lOfe, 199). Oxidised hyCrO,tom- givesp-ohloro-benzoioaldehyde. AlcoholicKCy 
bloro-benzoic acid. forms phenyVacetonitffle. 

p-Cbloro-toItene OaH.(CHa)Cl [1:4]. [6*5°]. wo» - Bi • chloro - toluene v. Bsnzylidbnx 
160°). S.Y. 184*91 (R. Schiff, A. 220, 99). chlokidb. 

i.G. u 1080. ’ (a).Tri-cbloro.toluen6 C,Hj(CHJCl, [1:2:4:6]. 

Formation.'^!. By chlorinating toluene in [82°]. (230°). Is formed, together with the (/3). 
presence of io^e, MoCl,,* or otiier carriers derivative, by ^kssing chlorine into toluene in 
Seville, 4. Oh, ^ 8,178; Beilstein a. Geitner, presence of FejOl* or other carriers (Limpricht, 
4.189,881; Bl. [2] 1,261; Aronheim a. Dietrich, 4.139,803; Aronheim a. Dietrich, B. 8,1401; 
B. 8,1402).—2. By running a solution of NaNOj Schultz, 4.187,274; Seelig, 4.237,138). Long 
nto a hot solution of p-toluidine and 00 , 01 ^ in needles, sol. alcohol. Forms a sulphonio acid, 
iilute HCl (^dmeyer, B. 17, 2661; c/.HUbner which ia decomposed by superheated steam at 
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160 °. Chromifi mixton oxidises ittotri-ohloK)- 
benzoic acid [168°] (Janasoh, A. 142, SOI). 

(6)-Tri.«hioto.toluene 0A(CH,)01, [1:2:S:4). 
[41°]. (232°). Is formed together with the (a) 
uomeride by passing ohiorine into toinene in 
presence of Fe,Cl, (Seelig, A. 237,133). Forms 
a snlphonate, which is decomposed by super¬ 
heated steam at about 210°. Gives tri-ohloro- 
benzoic acid [129°]. 

o>-exo-Tii-ehlcro-tolnene 0,ft0I,.0H,Ca. 
(240°). S.0.1"44. A product of the chlorination 
of toluene and of benzyl chloride (Naguet, A. 
Suml. 2, 248 i Kekuie, £. 2,661). Formed also 
by chlorinating boiling dhohloro-toluene (Beil- 
stein a. Kuhlberg, A. 146, 317). Liquid. Alco¬ 
holic EOAo gives 0,H,Cl2.CH,OAo. 

wwo-Tri-chloro-toluene [2:1] 0,H.01.CH01, 
o-ChUm-bmiyUdtnt chloride, (o. 230°). From 
salicylic aldehyde and PCI, (Henry, B. 2, 136; 
Z. [2] 6,871). Formed also, together with the 
following, by chlorinating benzylidene chloride 
in presence of iodine (B. a. K.). Water at 170° 
converts it into chloro-benzoic aldehyde. Chromic 
mixture forms o-chloro-benzoic acid. Distillation 
with dry oxalic acid forms o-chloro-benzoic alde¬ 
hyde (Anschfitz, A. 226,19). 

««^-Tri-chloro.toluene [4:1] C,H,Cl.CHCl 2 . 
p-Chhm-beneylidene chloride. (234°). Formed 
as above (B. a. K.), Besembles the preceding in 
its reactions. 


www-Tri-cbloro-toiuene v. BsNzoTBicHLoamK. 

Tetra-chloro-toluene C,Ha,.CH,. [96°] (L.) j 
rei°] (B. a. K.). (276° oor.). Among the pro¬ 
ducts of ohlorinating toluene in presence of SbCl, 
(Limprioht, A. 189,327). Slender needles (from 
alcohol). 

Tetra-chloro-toluene CACl,. (280°-290°). 
From di-ohloro-toluene tetrachloride and alco¬ 
holic KOH (Pieper, A. 142, 306). 

Tetra-ohloro-tolnene C,ftCl,.CH,Cl. Tri- 
thloro-bemyl chloride. (278°). S.Q. ^ 1-647. 
From 0,H,ClrCH, and d at nigh temperatures 
(Beilstein a. Euhlberg, A. 160, 286). 

Tetrs-chloro-tolnene cja,Cl,.CHCl, [4:3:1]. 
M-Di-ehloro-bemylidene chloride. (267°). S.G. 

l'A16. From Cl and boiling (4,8,l).di-chloro- 
toluene (B. a. K.). Water at 220^ gives di-chloro- 
benzoic aldehyde. 

Tetra-chloro-tolnane C,H,C1,.CHC1, [1:3:6]. 
^)-Di<hloro-beneyUdenll chloride, (o. 260°) 
Formed by passing chlorine into (3)-di-chloto-to- 
luene heated at 230° (Seelig, A. 237,167). Is 
oonverted into dichlorobenzoio aldehyde on 
treating with cono. K,SO,. 

Tetra-ohloro-toliiene [2:1] C,H,CLCC1,. o- 
Ohloro-bauoiruMoride. [30°]. (260^. IVom 
o-oxy-benzoio aoid by distilling with PCI, (Eolbe 
a. Lautemann, A. 116,196). Water at 160^ gives 
o-ohloro-benzoio acid. » 

Tetra-sUoro-tolnene [8:1] OjajCl.CCV 
Chloro-bentotriehloride. f386°^. From m-sul- 
pbo-benzoio aoid and PCI, (Carins a. Eammerer, 
A. 181,168). 

Tetra-eUoio-telnene [4:1] C,H,C1.CC1,. p. 
Chloro-beneotrichloride. (2^°). 

Formation. —1. From benzottichloride and 
Q in presence of carriers (Beilstein a. Euhlberg, 
A..146,817).—2. From beuoyl chloride and PCI, 
(Limprudtt, A. 184,67).—8. Fromy>-oxy-benzide 


and PCI,, The product is freed from 
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POOI, by distillation, and the residue shaken 
with dilute NaOH (Elepl, d.pr. [2] 28,204). 

Properties. —Oil. Converted by warm cone. 
HjSO, or by water at 200° intoy)-ohloro-benzoio 
acid. (I a 

Penta-ohloro-toluons 0,C1,.CH,. *' [218°]. 
(301°). Fonned by chlorinating toteene in pre¬ 
sence of iodine (B. a. E.). Needles (from benzene). 

Penta-Chloro.toluene 0,HC1,.CH.C1. Tetra- 
ehloro-beneyl chloride (296°). S.G. 1-634. 
Prom boiling tetra-ehloro-tolneno and Cl (B. a. 
E.). Furthertthlorination gives C„C1, and CCl, 
(Beilstein a. Kuhlberg, Z. [2] 6, 627). 

Penta-chloro-tolueue C,H .C1,.CHC1., [2:4:6:!]. 
(dl-Tri-ehloro-benzyUdene chloride. (281°). S.G. 
^ 1-607. From Cl and boiling tri-tjhloro-toluene 
(B. a. K.). Needles (below 0°). Water at 260° 
or cold fuming H,SO, gives tri-chloro-benzoic 
aldehyde. 

Penta.chloro-tolneao C,H,C1,.CHC1, [4:3:2:!]. 
(Sl-Tri-chlaro-ben-ylidene chloride. [84°]. .(o. 
280°). Fonned by passing .chlorine through 
boiling (8)-tri.ohloro-toluene (Seelig, A.237,146). 
Oil solidifying to a crystalline mass. Sol. petro- 
leum ether. Treated with fuming siilpburic acid 
it forms {8)-tri-chloro-bGnzoic aldehyde. 

Penta-chlorotoluene C.H,C1,.CC1,. Di- 
chloro-benzotrichloride. (273°). S.G. 1 - 687 . 
From crude di-chloro-toluene and Cl (B. a. K.). 
Water at 200° gives a mixiure of di-chloro-ben- 
zoic acids. 

Hexa chloro toluene CrH^Cl, <.e. C,C1,.CH,C1. 
Penta-chloro-beneyl chloride. [103°]. (326°). 

From benzyl chloride and Cl in presence of 
SbCl,. Formed also by ohlorinating boiling 
penta-chloro-toluene (B. a. K.; of. Deville, A. 
44, 304). Slender needles; si. sol. alcohol; v. 
sol. benzene. Alooholio EOAo at 200° gives 
C.Cl,.CH,OH. 

Hexa-chloro-tolueno C,HC1,.CHC1,. Tefro- 
chloro-beneylidene chlorule. (306°). S.G. M 
1*704. From Cl and boiling tetrsrohloro-toluenc 
C,HC1,.CH, (B. a. K.). Water at 280° gives Utra- 
chloro-benzoio ;Sdehyde. 

Hexa-chloro-toluene C,HC1,.CC1,. Tri-chloro- 
bmzotrichloride. [82°]. (808°). From Cl and 
boiling C,HCl,.Cn, (Beilstein a. Kuhlberg, A. 160, 
303). Slender needles (from alcohol). Water at 
260° gives tri-chloro-benzoic acid. 

Hepta-chloro-toluene C,Cl,.CHClr Penta- 
chloro-beneylidene chloride. [110°]. (334°). 
Formed by chlorinating benzylidene chloride 
with the aid of carriers (B. a. K.). Flat laminro 
(from alcohol). SI. sol. cold alcohol, v. sol. boil- 
mg alcohol. Water at 800° does not act upon it. 

Hepts-ohloro-toluene 0,HC1..CC1,. [104°]. 

rai6°). From Cl and boiling C,HC1,.CH, (B. a. 
E.). Short needles (from alcohol); m. ;oI. hot 
alcohoL Waterat 270° gives tptra-cbloro-benzoic 
acid. ( *> 

CHIOEO . TOLUENE - AZOXY - CHXOBO - 
TOLUENE V. Azoxv- ooupomnw. ‘ 

DI-CHLOEO-TOLUENE TBTSACHLOBIDE 
C,H,C1, i.e. C,H,G1,.CH,. [160°]- From toluene 
and Cl (Pieper, A. 142,304). Prisma (from CS,). 
Alcohohe NaOH at 810° gpves di-Sbloro-benzoic 
acid [203°] and tetra-chloro-tol&ne (o. 286°). 

9-0HL0B0-I0LUEN£.(3)-SULFa0NI(! ACID 
C,H,MeCl(SO,H) [1:4:2]. From y^ohlora-toluene 
and H,SO, (Vogt a. Henninger, A. 166, 862). 
Also boa the corresponding ji-tolnidine o-soi- 
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nbonio uid hj dUplaoement oi NE, by Cl 
(JenBBen, A. 172,289^ 

SaltB.—BaA'jlJaq: 8.1'9 at W.—BaA'^aq 
(Hilbnet a. Majert, B. 8, 790). — KA’aq.— 
CaA', 6aq.—PbA'.Saq.—CuA', 7a». 

Amiit 0,H^1.M6.S0,NH, »[138°]. From 
C,H,(NHjye.SO,NH, by HCl and nitrona acid 
gas (Heflter, A. 221, 209). 

p-Cbloto-Mluene (a)-«ulpbonio acid 
C,EjbieCl(SO|H) [1:4:3]. Formed, together with 
the prece^ng, by sulphonating p-chioro tolaeue 
(Vogta.Henninger,A.CA. [4]27,129). Converted 
by potaeh-fusion^nto oroin. 

Salta. — KA' Jaq: laminae. — NaA'Saq. — 
BaA', 2aq: S. 6-71 at le-S" (V.a. H.). -BaA', |nq: 

S. 14 at 14<° (Hiibner a. Majert, B. 6, 790).— 
BaA'j aq (V. a. H).—BaA'. 7aq (Engelbrecht, B. 

7, 796).—CdA', 2aq.—PbA j Oaq.—CuA'j lOaq. 

o-Cbloro-toluene snlphonio acid 
C,H,MeCl(SO.H) [l:2:3or5]. From o-chloro- 
ti^uene and HgSO, (Hiibner a. Majert,B. 6,790). 
Sodium amalgai^ gives toluene m-sulphonic acid. 
Osidation Jorms* chloro-sulpho-benzoio acid.— 
HH,A' aq. — KA' Jaq.—NaA' ^aq.—BaA'j 2aq.— 
CaA', 2aq.—PbA', 2aq.—CuA', Jaq. 

ChlcrO'tolnene sulphonicacid 
C,H,MeCl(SO,H) [1:2:4]. From the amide and 
HOI at 160°. Salts.—BaA',.—KA'. 

Chloride C,H,ClMe.SO,Cl. Oil. 

Amide C.H,MtCl.SO,NH,. [136°]. From 
C.H,Me(SO,NHJ.N,.NH.C,H,Me.SO,NH, and 
HCl(Paysan, A. 221,212). 

p-Chloro-tclnene ai sniphonic acid 
[4:1]0,H,C1.CH,.S0,H. Chlorobmiyl sulphcnic 
add. [108°] (7). From C,H,C1.0H,C1 and 
aqueons E,SO, (B5hler, A, 164, 66; Vogt a. 
Henninger, A. Ch. [4] 27,129; Jackson a. White, 
Am. 2, 169; P. Am. A. 14, 312; B. 13, 1217). 
Potash-lnaion gives p-oxy-bonzoio acid. 

S al t a .-K A' (B.;a.W.) -KA' aq (V. a. H.): 
sol. boiling alcohol.—NaA': flat crystals (from 
water) orpearty scales (from alcohol).—BaA',aq.— 
BaA', 2aq jj. a. W.]: Needles.—CaA', 2aq.— 
CsA',7aq (J. a. W.); trliAetrio crystals.- 
CuA',2aq; pale green needles.—PbA', aq (J. a. 
W.): long needles. — A'PbOH aq. — A',Pb,0,: 

Chloride OACbOHrSO,a [86-6°]: flat 
crystals, v. sol. ether. 

0H10EO^)-mUI0 ACID OA(OH,)C1.CO,H 
[2:4:1]. [130°]. Formed, together with the [6:8:1] | 
isometide [166°], by oxidation of ohloro-o-xyleno i 
0,H,(0H,),C1 [1:2:4] with HNO, (KrOger, B. 18, j 

1767) . Fine needles or thick prisms. By further | 
oxidation by means of KMnO, both acids yield ! 
chloro-phthalio acid [130°»134°]. By KOH 
fusion it is oonverted into oxy-e-tolaio acid 
C,H,(CH,)<OH)CO,H [»:4;l].-CaA',3aq. 

Chloroq^tololo acid OA(CHJCifCO,H) ' 
[4:2:1], [160°]. Formed by the bction of boiling 
dilate HN(^ on ohloro.oymene fderived from 
thymol and POU. Slightly volatile with steam. 
(FileUa.Crosa,ai6,29M. 

Ohloro4-totnlcacidO,l^(OHJC1.00,H[2:8:l]. 
[164°]. Formed by oxi^tion of chlonKi-xylene 
C,H,(OH,),Clil.-2:8] by MO, (Kriiger, B. 18, 

1768) . Needms. Y. sol. alcohol. By farther 
oxidation by means of KMnO, it yields ohloro* 
phthalio acid [181°^—A',Ca2aq: sparingly 
soluble long prisms. 


Chloro^-toluie acid 0,H,(CH,)C1.CO,H[6:8;1). 
[166°]. Formed, together with the isomeride 
(2:4:1), by oxidation of ohloro - o • xylene 
0.H,(CH.),C1 [l:2:4],with HNO. (KtAger; B. 18, 
1767). Needles. SoL alcohol, v. al. sol. water. 
By farther oxidation by means of KMnO, both 
acids vield chloro-phthalio acid [130°-134^. 
By KoH fasion it yields oxy-o-toluio acid [173°]. 
—A',Ca 2aq: sparingly soluble short prisms. 

Ohloro^-toluio acid 0,H,(C^)01(C0,H) 
[4:3:1]. [196°]. Formed by the action of boiling 
dilate HNO, on the ohloro-cymene that is ob¬ 
tained from carvacrol and PCI, (Fleischer a. 
Kekuli, B. 6,1090; v. Oeriohten, B. 10,1249; 
11,866). Iiamines.—CaA', 3aq.—BaA', 4aq. 

Ohloro-TO-tolttic acid 0,H,(CHflCLCO,H 
[3:4:1]. [203°] (V.); [210° cor.] (J.); [204° 
cor.] (It. a. K.). 

Pormation.x-1. By oxidation of chloro-m. 
xylene C„H,(CH,),C1 [1:8:4] with Bt,Or,0, end 
H,SO, (Vollrath, Bl. [2] 7, 342; Jacobsen, B. 
18, 1761).-2. From C,H,(CH,)raO,)(CO,H) 
[3:4:1] by displacement of NO, by 01 (Beilstein 
a. Kreusler, A* 144, 182; Bemsen a. Knhara, 
Am. 3, 431). 

Properties. —Needles (from alcohol). By 
KOH fasion it gives oxy-m-toluio acid [173°]. 

Salts.—BaA',3aq; slender needles (T.).— 
CaA',3aq. 

Ethyl ether EtA'. (263°). 
oi-Chloro-o-tolnic acid Amide [2:1] 
CH,Q.O,H,.CONHp [o. 180°]. From the nitrile 
and H,SO, at 90°, followed by water (Oabriel, 
I B. 20, 2234). Slender needles (from alcohol). 
: Bailing water converts it into phthadide. At 
160° it changes to oily 'pseudophthalimidine' 
C,H,NO. 

Nitrile CH,Cl.C,Hi.CN. o-Cyaru-hemyl 
chloride. [61^. (252°). Formed by passing 
Cl into the boiling nitrUe of o-toluic acid (Oa¬ 
briel a. Otto, B. 20, 2223). Monoclinio crystals; 
a\hx - -778:1: -294; S - 60° 2'. Sol. hot water. 

Di-chloro-tolnio acid C,H,(CH,)01,(CO,H). 
[161°]. From crude di-ohloro-xylene (222°) and 
chromic mixture (HoUemann, A. 144, 269).— 
CaA',9aq.—AgA'. , 

Bi-u-chloro-toluic acid. Nitrile 
CHC1,.0,H,.CN. Cmno-beneylidene chloride. 
(260°). Formed by the action of chlorine on the 
boiling nitrile of o-tofuic acid (Gabriel a. Weise, 
B. 20, 3197). Faming HOI at 170° gives 
0,H,(CHO)(CO,H). [97°]. 

Tri-«-ohloro-o-tolalo acid. Nitrile 
CCl,.C,H,.ON. Cyano-belieyl trichloride. [95% 
(c. 280°). From boiling q-toluic nitrile and Cl 
(G. a. W.). Monoclinio crystals (from alcohol); 
o:6:c-1-646:1:1-106; 8-73° 68'. 

o-CHlOEOur-TOmiDINE 0A(0H,)01(NHA 
[1:2:6]. Formed by reduction of the correspond. 
ing nitro- compound (the nitration-prodact of o- 
chloro-tolaene), itqaid. 

Acefyldcrtuoftoe 0,H,C1.NHA«: [186°]; 
white needles (H6nig, B. 20, 2417) 

s-Chloro.tolnidino O.H,(OH,)CH(NH,) [1:3:6]. 
(242°) at 73^ mm. Formed by redaction of the 
corresponding nitro- oompoano. Liqoid. Vola¬ 
tile with steam.-B'HNO,: [198°], oolonrless 
needles. " 

Acetyl derivative 0,H,01(NHAo)-. [I98°lt 
oolonrless needles (H6nig, B. 20,2419|. 
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ClUoro.j).toltti4in6 0^,(CH,)C1{NH,) [1:8:4], 

S r°]. (219® onoor.J. Got oy boiling its acetyl 
erivative with HCl. Elimination of NHo gives 
m>chloro-tolu6ne,—B'HCL—B'HNO,. S. 2*59 at 
19®.— 

Acetyl derivative C^HaMeG^NHAc) 
[1:8:4}, [116°]. Formed by ohlorinatipn of^j* 
aoet-toluide. Bad yield (Lellmanu a. Elotz, A. 
831, 809; c/. Wroblewsky, A. 168,196). 

p . Chloro. 0 - toluidine 0,H,(CH,)C1(NH,) 
ri:4:2]. [23®]. (287® at 722 mm.). Colourless 
liquid or white crystalline solid. Formed by 
reduction of (4:2:l)'ohlorO'nitro-tolueDe [38®]. 

Salts.—B'HCl: colourless needles.— 
B'jHjCl^tGli 2aq: dne yellow needles. 

Acetyl derivative CeH 3 (CH,)Gl.NHAc: 
p81®]; long slender colourless nee^es, v. sol. 
not water, i^oohol and ether, si. sol. cold water 
(Goldschmidt a. H5nig, B. 19, ,2140; cf. Engei- 
brecht, B. 7, 797; and Bcilstein a. Kuhlbcrg, 
A. 158, 836). 

Chloro -p. toluidine C,H,(CH,){Cl)(Nn,) 
[1:2:4]. [26®]. (238®). Formed by reduction 

of ohloro-nitro-toluene [65®] (fiellmann, B. 17, 
685). Colourless crystalline solid. V. sol. all 
solvents except water. By diazotisation and 
treatment with alcohol it yields o-chloro-tolucne. 

Salts.—B'HCl: broad colourless needles.— 
B'aH 2 S 04 : small colourless plates.—B'-^II.-PtCl,,. 

Acetyl derivative C^HsMeC^NHAc). 
[105®]. From C.H,Me(NHAc).N,.NC,n„ and 
Doiliog HCIAq (Wallach, A. 235, 254). 

p. Chloro. m - toluidine CjHj{CH,)Cl{NH 2 ) 
[1:4:8]. r28®] (G.a.H.); [30®] (O. a. K.). (230®). 
Formed by reduction of (4:3:1)-chloro-nitro* 
toluene [9®^. White crystalline solid. The 
base and its salts are extremely soluble.— 
B'HCl: colourless tables. 

Acetyl derivative CgH,(CH,)CI.N7TAc; 
[97®j; long silky needles, m. sol. water (Gold¬ 
schmidt a. Honig, B. 19, 2442; cf. Engelbrccht, 
B. 7, 797; and Gattermann a. Kaiser, B. 18, 
2599). 

Chloro-o-toluidine C4H8{CH,)C1(NH,) [1:5:2], 
[80®]. (237® uncor.) at 730 mm. From its 
acetyl derivative (L. a. K.). The same com¬ 
pound ([80®], (241®)) appears to be a by-product 
ui the reduction of o-niiro-toluene by tin and 
HOI (Beilstein a. Euhiberg, A. 156, 81). 

Salt.—BHCl: si. soV water. 

Acetyl derivative C 4 H,Me(NHAc)Cl. 
[140®]. Got by chlorination of aoetylatcd 
o-toluidine (Lellmann a. Klotz, A. 231, 317). 

o-Chloro-wi-tolnidine CaH^jMeCllNIij) [1:2:5]. 
[68®]. (239®) at 215 mm. Obtained by reduc¬ 
tion of ue corresponding nitro- compound [44®j 
(^idsohmidt a. H5nig, B. 19, 2443; 20, 199; 
Wrobiewaky, A. 168, 200; Henry a. Badziszew- 
sky, S. 2, 808, 599). Formed also as a by- 
pr^uct in the reduction of m-nitro-toluene by 
sino-dust and HCl (Eock, B^20,1567). Glisten¬ 
ing colourless needles of oharacteristSo odour. 

Salts. — B'HCl: long slender needles.— 
BHNO,: [164®], broad odourless needles. 8. 
6-01 (W.).—B'AS04. 

Acetyl derivative OfHalfeCl(NHAo): 
[69®]; oolonrleu plates. 

Bl-ohlore.p.tolnidiiia 04 H,(CH,)Cl,(NH,) 
[l:9:6:4]. [60®]. Needles (ppm dilute alcohol). 
V. sol. alconol and ether. Weak base. Hay be 
sublimed. 


Acetyl derivative 04 H,Me(KHAc)CL 
ri: 4 : 3 : 6 ]. [201®]. From C 4 H 3 Me(NHAc)Cl [ 1 : 4 : 3 ] 
by chlorination (Lellmann a. Elotz, A, 281, 322). 
White needles (from alcohol). V. sol. alcohol, 
iusol. water, |ml. ether and glacial acetic acid. 
May be sublimed. ♦ 

{&). Di. chloro - toluidine C 3 H 3 ( 0 H,)Cl 3 (NHA. 
[1:2:4:?]. [87®]. (259^). Formed by reaucing 
(/3)-di-chloro-nitro-toluene [53®] (Seelig, A. 287, 
163). Plates (from methyl alcohol). 

Di - chloro - toluidine CH(CH.)CL(NH,) 
[1:2:4:C]. [ 8 ^]. (259®). Obtained by reducing 
di-ohloro-nitro-toluene [-14®] (Wroblewsky, A. 
168, 213). Does not combine with acids. 

Tri . chloro - toluidine C 4 mCH,)Clj(NH^) 
[1:2 4:6:3] or [1:2:4:5:6]. [91*^] (Sohultz, A. 187, 
278); [95®] (Seelig, B. 18, 423). From tri- 
chloro-nilro-toluene [89®], tin and HCl. Needles 
(from alcohol). 

Acetyl derivative OaH(CH,)Cl,(NH^Q). 

Densoyl derivative 0 „H(CH,)C 1 .(NHB 2 ). 
[213®]. 

Tri - chloro - toluidine OhH(CHs)C1j(NHj) 
[105°]. From ( 8 )-tri-chloro-nitro-toluene, SnCl,, 
and HCl (Seelig, B. 18, 423). Needles. 

CHLOEO-TOLUQTJINOLINE v. CHnoRO-{B.)- 

METHYL-QCINOLINE. 

CHLOEO - TOLDQDINQNE 0„H3(CH,)C103. 
[l:4or3:2:5J. [90® uncor.]. Formed by oxida¬ 
tion of di-chloro-o-cresol with K 3 Cr;; 0 , and dilute 
H 3 SO 4 . Long yellow needles. Volatile with 
steam, and sublimable. V. sol. alcohol, ether, 
<tc., sol. hot water, si. sol. cold. Dissolves in 
alkalis with a dark-red colour. By SO.^ it is re¬ 
duced to chloro-hydrotoluquinone [115°] (Claus 
a. Sweitzer, B. 19, 929). 

Chloro-toluquinone C 4 Hj{CHj)C 10 a. [105®]. 
From chloro-hydro-tolu^inone [175®] by dis¬ 
tillation with aqueous J^Clg (Schniter, B. 20, 
2282). • 

Di • chloro - toluqninone 0 eH(CH 3 )Cf 20 , 
[1:2:4:3:6]. [108° uncor.]. Glistening yellow 
plates. Volatile with steam. Formed by oxida¬ 
tion of di-chloro-m-cresol with KjCtjO, and 
H 3 SO 4 . Also from m-creaol, HCl, and ECIO, 
(Southworth, A. 168, 270). Yellow tables (from 
alcohol). The corresponding di-chloro-hydro- 
toluquinone melts at [171®] (Clans a. Schweitzer, 
B. 19,931). 

Di • chloro • toluquinone 04 H(CH,)C 1 , 0 , 
[1:?:?:2:6]. From o-oresol, KG10„ and HCl 
(Sonthwortb, A. 168, 274). Not obtained pure. 
Beduced by SO^ to di-chloro-hydrotoluquinone 
[ 121 ®] 

Tri-chloJo-toluqulnone CufCHglCljO^ [282°]. 
From o-cresol, HCl, an^ ECIO. (Grabe a. Borg- 
mann. A, 152, 248; SouthWorth, d. 168, 278; 
Knapp a. Schuttz, A. 210,176). Formed also by 
treating o-toluidine sulphonio acid with KGIO. 
and HCl (Hayduok, A. 172, 209). Yellow plates; 
si. sol. cold aloohol, v. soL ether. Volatile with 
steam. 

Tetra-ehloro-tolnvii&one CHsOhOfOlyCL Oe- 
ours among th« products of the^aotion of HCl 
and KCIO 3 on beech-wood oieosoU (Gorup- 
Besanez, A. 143,159; Br&uninger, A. ISo, 889). 
Golden scales. May be sublimed. Si. sol «)ld 
aloohol* 
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OHIOBO.mTrQ'aiSOXAl.IKE Z)> Avdrtda. 

.NH.OH, 

0,H.N,01 M. O.H,(CH,)< I . [77“]. 

\n=coi 

?ormed by heatin|’ oxy-di-hydro-)»laqainoM 8 ne 
rithPCl# Long colourless needles. Insol. water, 
r. e. sol. c^hor eolyents. Volatile with steam 
Leuekart a. Hermann, B. 20, 29). 
Di-ebloro-telnquinoxaline OtH,^s^ 

C.H,Me<^;°C}> . [116»]. 

^'rom di'Oxy-toluquinoxaline (1 inol.) and PCI, 
2 at I'rt)® (Hinsberg, A. 237, 350). 

doodles (from ebloroform and petroleum-ether). 
[qsoI. water. 

DI-CHIOftO-TOIUYL-BENZOIC ACID 
3H,.C,H,.C0.0,Hj01yC0^. Di-chl&ro-phenijl 
'alyl ketone carboxylic acid. From (3).diohloro- 
phtbalio anhydride* toluene, and Al,Ci, (Le 
i^yer, A. 238, 367). 

^CHLORO-(a)-TOLDYLIC ACID v. Chloro- 

POINtn-ACETIO AOQ). 

DI'CKLORO-IKTOLTL 

; 3 : 4 :l]C,H,MeC 1 . 0 ,H,MeCl[l: 3 : 4 ]. [51®]. From 
ii.amido-ditolyl by Sandmeyer’s reaction (Stolle, 

B. 21, 1096). Lamina (from alcohol). CrO, 
lives ohloro-toluio acid [205°J. 

CHLORO-DI-TOLYL-terf-BUTYL ALCOHOL 
CCl(C,H,Me),.CMe,OH. (o. 205®). From aco- 
tone-chloroform, toluene, and Al^Cl, (Willgerodt 
a. Genioser, J. pr. [2j 37, 369). 

Di-chloro-tolyl-f<jrf-butyl alcohol 
CCl 2 (C„H,Me).CM 0 ,OH. (o. 215®). From ace- 
tone-chloroform, toluene, and AljCl, (W. a. G.). 
CHLOEO-TOLYLENE-w-DIAEINE 

C, H,(CH,)Cl(Nig,[l:4:3:6]. [111®]. Formed by 
reduction of chloro-di-riitro-tolueno [48®]. Gives 
the ohrysoidine and ilismarok-brown reactions 
(Hdnig, B. 20, 2420). 

(3)-Di-chloro-iolylen6-dlamliie 
C,H(CH 3 )Cl,(NU,)j[l: 2 ? 4 : 5 :g. _ [110®]. Formed 
by reducing (Ji)-di-chloro-di-nitro-toluene [ 102 °] 
( 8 eqUg, A. 237,164). Plates (from ligroin). On 
boiling with IIOAo for twenty-five hours the 
anhydro- base is formed [170°]; brownish needles 
(from alcohol). 

(o).Tri-chloro.tolylone.diamin 6 
C,(CH,)C 1 ,(NH 2 )j. [196°]. Formed by reduction 
of tri-ohloro-di-nitro-tolueno [227®] (Seelig, B. 
18, 422; A. 237, 143). White needles (from 
alcohol). CrO| oxidises it to a qoinone. 

Acetyl derivative C,(CHJC1,(NAC;).^. 

[ 220 ®]. 

(/3).Tri-chloro-tolyleiie-diamlEe 
C,(CH,)Cl,(NHj),. [207®]. Formed by reducing 
tri-ohloro-di-nitro-toluene [14^®] with stannous 
chloride in alcoholic solution (SceUg, J. 237, 
143). Needles (from petroleum ether). On 
boiling with HOAq an anhydro- base is formed, 
hence the suAtance is an orthodiamine. 

w-CHLOBO.DI-TOLYL-ETHANE 
CH,aCH( 05 i,.CH,)a. From CH,Cl.CH01.OEt 
(di-ohloro-eiher), tolnene, and HjSO, (Hepp, B. 
7,1413). Alcoholic KOH gives OH,:C( 0 ,H 4 Me)r 
Tri.».fihloro-dl-tol 7 l-dt ]^6 
CCl,.CH(0,H,.CH,)r [89®]. 8.(ether)60; (aloo- 
bol) 2*5. Ftonr <^oral, toluene, ana H,S 04 (0. 
Fischer, B. 7,1191). 

d:.chloio-di.toiyl.steyxbhb 
OOVOiOiHrOHjr £93®]. a (ether) 50; (aloo. 


hoi) 2*9. From the prioeding body and slooholie 
KOH (0. Fisoher, B. 7,1191). Needles. 

DI.GHLOBO-DI.TOLTL-METHANE 
CH 2 (G,H 4 . 0 H 201 ),. [108®]. From benzyl ohlor- 
ide, methylal 0 ^( 0 !de) 2 , and HjSO,. Lamina 
(Weiler, B. 7,1181). 

o.CHLOBO-w-XOLYL-PHENYL.THIO.TrEEA 
0gH,.NH.CS.NH.0,H,M6Cl [6:1:2]. [109®]. White 
granules. From 0,H,MeGl(N£[,)[l:2:6] and 
phenyl-thiooarbimide (Goldschmidt a. Hdnig, B. 
20 , 201 ). 

CHLOBO-TBOPIC ACID CoH^ClO, i.e. 
0,.H,.C01(C0;H).CH,0H. [128®-130®]. From 
utropio acid and HCiO (Ladenburg a. Rugheimcr, 
A. 217, 109). V. e. * 8 oI. water, si. sol.,benzene. 
Reducod by zinc-dust, iron filings, and KOH to 
tropic acid. 

GHLOROFS. Adjective sometimes used as 
synonymous with negative or acidic', generally 
applied to radicles which combine with hasylom 
radicles to form salts, e.g. the radicles SO,, N^Oj, 
GlOg are called chlorous, as distinguished from 
K,0, CaO, &o., ^hich are basylous. The term 
chlorous is also sometimes applied to the more 
negative elements, especially to those which, like 
chlorine, do not displace the H of acids to form 
salts. The correlative term is basylous. 

M. M. P. M. 


CHLOROFS ACID HCIO,; v, Chlobin*, oxt- 
ACIDS OF, p. 17. 

o-CHLORO-ISOVALERIC ACID C.R^CIO, i.e. 
(CH,),CH.CHC1.C0.^. From sodium isovalerate 
and aqueous HOCl (Sohlebusch, A. 141, 822). 
Oil; decomposed by heat. 

Tri- and tetra-ohloro-isovalerio acids were 
obtained by Domi^ a. Stas by chlorinating iso¬ 
valeric acid in the dark. They decompose be¬ 
tween 110° and 150®, giving off HCl. 

CHLORO-ISOVALEBIC ALDEHYDE C,H,C10. 
(136°). S.G. ^ M08. From isovaleric aldehyde 
and Cl at -18® (SchrOder, B. 4,402). Combines 
with NaHSO,. 

Di-cbloro-isovaleric aldehyde GjHhCLO 
(147°). From isovaleric aldehyde and Cl at 16®. 
Combines with NaHSO, (Kuudig, A. 114,1). 
TRI-CHLORO-VALEROLACTIC ACID r^TM- 

CHLORO-OXT-VALERIC ACID. 

CHLORO-VALERO-LACTONE v. Chlobo-oxt. 
VALEKIO ACID, Anhydride of. 

DI-CHLORO-VALERYLENE • C.HaCl, i.e. 
CH,:CC 1 .CH,.CC 1 :CH 2 . Di’Chloro-duvinyl-me- 
thane. (145°). Formed by the action of PCI, 
upon acetyl-acetone. Liquid; boils without de¬ 
composition. Readily takes up Br, forming 
CjH,Cl,Br 4 . Heated with alcoholic KOH it gives 
CH:O.CH,.C(OC,HJ:CH, (Combes, A. Ch. [ 6 ] 
12 222 ). 

'DI-CHLORO-o-VINyL-BERZOIC ACID* 


J,HCli^ 04 H 4 .C 0 oH. [121®]. From tri-ohloro-oxy- 
indonaphthene C 6 H^<^^qqj^C 01 , by solution 

in aqueous ilkalis (Ziucko, B. 20,2890). Slender 
needles (from dilute alcohol). Sodium amalgam 
mnverts it into o-othyl-benzoio acid [ 68 ®J. 
Methyl ether MeA'. [47°]. 
o-A>ax}-tri-omoro-viayl-benzoio acid 
0,HJ001:001,}CO,H[1:2]. [161°]. 

Pormati<m.^i. By the action of NaOHAq 
9D tetra-chloro-oxy-indonaphthene 

DA<^ 1 ^ 001 . (Zinoke, B. SO, iOBS).- 
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S. iretraobIoro-(/3)'naphtho<qm2ione if dissolved 
in KaOHAq, HOAo ftaded, and the mixture ozi* 
dised with ohromio aoid (Zinoke, B. 21,499). 

Propertias.—Needles or plates. * V. sol. aloo- 
h<d and HOAo. Sodium amalgam yields o-ethyl 
benzoic aoid. 

Msikyl 6ther AMe. r75% 

cHLOEo-vnnn ethyl oxide C4H,cio 

ie. CH^C01.0Et. (123*’). S.G.aai-02 (Geuther); 
** 1*038 (Godefroyj. V.I). 8*62. From tri-ohloro- 
ethane CIH,.GGlf and NaOEt at 120” (Geuther, 
Z. 1671, 128). Formed also by the action of 
zino-dnst or the zino*copper couple on the com- 
poond 0 «H),C 40 t obtained by passing chlorine 
throngh a mixtnre of alcohol and EjCrgO, (Gode- 
froy, 102,869). 

Beaetion$. —1. Br forms CH,Br.CGlBr.OEt 
{170”-180°), whence Cl forms CHgCl.CCUOEt.- 
1 HCl forms CHjCl.CHCl.OEt.-8. HNO, gives 
acetic and ohloro-scetic acids.—4. Beduces am- 
moniacal AgNOg, forming a mirror.—6. Exposed 
to the air it rapidly changes to a vitreous mass 
(0^010), aq. 

IM-ohloro-vinyl ethyl oxide CHChCCl.OEt. 
(128® cor.). 8.0. is i‘08. Formed by the action 
of NaOEt upon CHjCl.CHClj (Geuther a Brock- 
ho£f, J, pr, [2] 7,112) or GClHrCClj (Patem6 a. 
OgUalOro, B, 7,81). Water at 180® forms gly- 
e<^o acid. 

Di-chloro-vinyl ethyl oxide CCljtCH.OEt. 
045”). From CHClj.GHCl.OEt and cone, aqueous 
KOH (Qodefroy). Sweet-smelling oil. Beduces 
ammoniaoal AgKO,, forming a mirror. Greedily 
combines with Br. 

Tri-ohloro-vinyl ethyl oxide CClj:CC1.0Et. 
(155”) (B .); (0.160”) (G.). S.G. 21-373; 1221.235 
(P.a.#.); M 1*332 (G.). 

Formation. —1. From CCljiCClj and NaOEt 
at 110” (Geuther a. Fischer, /. 1864, 316).— 
2. From C01,.GHC1.0Et and cono. aqueous £0H 
(Patemd a. Pisati, Q. 2, 833; Godefroy, 0. R. 
102, 869; Busch, B. 11,446). Smells hike mint. 
Br forms CCljBr.CClBr.OEt [17”]. Cl gives 
aa,.o.CjH,. 

CHIOEO - DI - VINYL - METHANE n. Di - 

OHLOBO-VAISBTLENB. 

ZBXA-CHLORO-DI-VIKYL OXIDE 0,01,0 
4a (CC1,:CCI),0. Ckloroxethose. (210°). S.G.2A 
1*652. F^m (C,Cl,)jO and alcoholic K,S (Mala- 
gnti, A. Ch, [83 1^ 19L Br forms 0,ClgBr,0 
[96”]. I 

CBXOBOX- V, CoLOBO-ox-. 

CELOBOXAL- 9 . Chlobo-oxix,.. 

CHLOBOXETHOfE v. HEXA-CHLoao-ni-TXHTL 

OZIDX. , 

CHLOBOXY- V. Chlobo-oxt*. 

CHLOBO-o-XYLENE C,H,(CH,),C1 [1:2:8]. 
M 0 I.W.I 4 OJ. (100” cor.). Fluid at -10”. Formed, 
together with the {l:2:4)-i8omeride, by chlorina¬ 
tion of o-xylene in presence of 5 p.c. of iodine. 
By dilute HNO, it is oxi^sed to rhloro-toluio 
add [154”}, which by EMnO, is fnrther oxidised 
to oMoro'phthalio aoid [161”] (KrOger, B. 18, 
I75g. 

Chloro^i-xylone C,H,(CH,)jCl [1:2:4]. (192” 
cor.). Flnid at - 20”. 8.0. ft l*o692. Formed, 
together with the (l:2:8)-i8omeride, by chlorina¬ 
tion of o*xyleoe in presence of 5 pA of iodine. 
By dilute HNO, it is oxidised to two isomeric 
ehloro-tolnie a^ wad [130”], which by 


further oxidation with EMnO, yield ohioro* 
' phthaUo acid C180”-134°] (^Oger, B. 18,1755). 

Chloro-o-xylone 0,Hj(CH,)j01. (206° uncor.). 
S.G. 12 1.0863. Colourless, strongly refractive 
liquid. According to Claus a. Eautz (B. 18, 
1867) this is fae only ohloro-^xylene formed by 
chlorination of o-xylene in the cold in presence 
of iodine. It is readily oxidised by hilute HNO, 
to chloro-phthalio acid. 

Chloro-w-xylene C,H,(Cn,)jCl [1:3:4]. (186” 
cor.). S.G. 1*0598. Fluid at—20”. Formed 
by chlorination of m-xylene in presence of 5 p.c. 
of iodine. By KjCo^O, and HvSO, it is oxidised 
to chloro-ni-toluic acid 0 ,Hj(CHj)C 1 . 002 H [8:4:1] 
of melting-point [210”] (Jacobsen, B. 18,1760; 
cf. VoUrath, Z. 1806, 488), . 

Chloro-p-xylene C.Hj{CH 3 )jCl [1:4:2]. [- 1 - 2 ”]. 
(186” cor. at 767 mm.). Formed by chlorination 
ofp xylene in presence of I (Eluge, B. 18, 2099). 

a..Chloro.o-xylene C,H,(CHj)(CHjCl) [1:2]. 
(198”). 

Formation. —1. By chlorinating boiling' o- 
xylcne (Beyman, Bl. [2] 26,634).—2. By heating 
C,H 4 (CH,)(CHPH) [1:2] with oonc. HCl. It 
cannot, however, be obtained pure in this way 
(Colson, A, Ch. [ 6 ] 6,117). 

Beoefion.—Boiling aqueous Pb(NO,)j gives 
o-toluic aldehyde. 

«-Chloro-t».xylene C,H 4 (CHg)(CH.CI) [1:3]. 
So-called chZortde. (196”). S.G. 21*079. 

Formation. —1. From Gfand boilingw-xylene 
(VoUrath; Lauth a. Grimaux, Bl. [2] 7, 233; 

A. 145.116 ; Gundelaoh, C. R. 82,1444).-2. By 
the action of HCl upon C,H 4 (CH,).(CHpH) [1:8] 
(Colson, A. Ch. [ 6 ] 6,118). 

w-Chloro-p-xyleoe CaH,(CH,)(CHjCl) [1:4]. 
(192”). From Cl and boilingp-xylene (L. a. G.). 

D{.chloro-o-xyl 6 aeC,H„(CH 3 )Clj. (3”], (227”). 
Colourless strongly refractive liquid. Formed by 
chlorination of o-xyleno in the cold in presence 
of iodine. It is readily otridised by dilute HNOg 
to di-ohloro-phthalic acid [183”] (Claus a. Eautz, 

B. 18,1367). 

Di-ehloro-m-xyleae C,H,(CHj),Clj. (282”). 
From m-xyleoe* and Cl in presence of iodine 
(Hollemann, Z. 1865, 554; A. 144, 268). White 
lamine; melts by the heat of the hand. 

Di^jhloro-p-xylene C,Hj(CH,)jClj [1:4:2:6]. 
[71°]. (221” i.V.). 

Formation. —1. By chlorination of p-xylene. 
2. From chloro-p-xylidine [92”] by diazotisation 
and treatment with CujClj (Klnge, B. 18, 2098). 
Plates or flat needles. V. soL hot alcohol and 
ether, si. soL cold alcohol. 

ww-l)i-chloro- 0 ‘XyIene ( 1 . 2 )C,n 4 (CH 3 Cl),. 
[ 66 ”]. (240°). S.G.21‘393. S.H. (15° to 40”) *283. 

Formation. ~4. By the action of HGl on <v»- 
di-ox5^-o-xylene (Hessert, B. 12, 648; Colson, Bl. 
[2] 43, 7).—2. By hcattng o-xylene (10 0 . 0 .) with 
PGlg (35 g.) at 180”~200” (Col^n a* Gautier, Bl, 
[2]45,6i C.ai01,1064; 104,428'<'Straaamann, 
B. 21, 678). 

ProperfiM.—^White crystals; *v, sol. ether, 
alcohol, Hgroln, and chloroform. Converted by 
heating with water into G 4 H 4 (GH 20 H)s [62°]. 
Potassium pbthalizmde reacts witb formation of 
CH;CLC„H 4 .CHj.N;((H 40 . [140^ (Strassmanu, 
B. 21,676). ^ 

Di.chloro-c-xylene ObH 4 (CH,)(CHGL)(?). 
(103”]. (225”). From 01 and Wlmg c^uieoc 
(Beyman, Bl [2] 26, 634) 
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•.W-oMoro-wi-xylene 08H,(CH401)j[l:3]. [84®]. 
1258®). S.G. 421-302. S.H. (15® to 40^-295. 

Formation.—1. From 0rtII^(CH20H)j [1:3] 
%nd HOI (Colson, Bl. [2] 48,7). By heating m -, 
xylene at 180® the equivalubt amount of 
PCI,. Tlj| yield is not so good as with the o* and 
>oompoundi,and to obtain it pure it is necessary 
to saponify the crude product and treat the glycol 
JO produced with HOI (Colson a. Gautier, Bl. 
;2] 45, 6; A. Ch. [6] 6,114). 

Bi.w-ohloro-p-xylene CJI,(CHiCl).^ [1:4]. 
100®]. (240®-25q^). 8.0.2 1-417? S.H. (15® to 
iO®) -282. 

Formation. — 1. From Cl and boiling p-xylono 
iLauth a. Griraaux, A. 145, 115).-2. From 
d.H 4 (CH,OH)?[l:^ and HOI.-3. By heating p- 
jylene at 180® with the equivalent amount of 
PClj (Colson a. Gautier, Bl. [2] 45, 6). 

Properties. —Tables (from alcohol). Heated 
ffith water it gives the glycol OsH 4 (CTl 20 H)a. 
llii®] (Grimaux, 0. R. 70,1303). 

■ Trl.chloro^.xy;Hne C„II(CH3),C1,. [93®]. 

(265® nncor.). Formed by chlorination of o- 
syleno in the cold in presence of iodine (Claus 
i. Kautz, B. 18,1307). Long colourless glisten¬ 
ing needles. V. sol. ether, benzene, hot acetic 
icid, and hot alcohol, v. si. sol. cold alcohol. It 
is readily oxidised by dilute HNO, to tri-chloro- 
phthalio acid, the anhydride of which molts at 
[167®]. • 

Tri-chloro-wt-xylene OaII{CII,) 2 Cl,. [150®]. 
(255°). From w-xylene and Cl in presence of 
Iodine (Hollemann, A. 144,2701. Silky needles: 
7. sol. hot, si. sol. cold, alcohol. 

Tetra-chloro-o-xylene [215® un- 

3or.]. Formed by chlorination of o-xylene in tlie 
3old in presence of iodine (Claus a. Kautz, B. 18, 
1367). Sublimable. Long colourless needles. 
Not volatile with steam. Sol. ether, benzene, hot 
3cctio acid, and hot aloi^hol, si. sol. cold alcohol. 
It is not oxidised by heating with HNO,. 

Tetra-w-chlfto-o-xylene C„ni(CHCl 2)5 [1:2]. 
'86®?(0.a.G.); [89®](H.). (271®). S.G. 1*601. 
k (ether) 60 at 15®; 100 at 35®. S.H. (15®-60®) 
’24. 

Formation. —1. From Cl and boiling o-xylene 
(Hjelt, B. 18, 2879).—2. From PCI, and o-xylche 
at 150® (Colson a. Gautier, Bl. [2] 45,10). 

Properties. —Triclinic crystals (from ether) 
a:6:c»-972:1: *741; a = 54® 38'; i8 = 54® 20'; 
y«68° 24'. Its solubility in petroleum ether is 
double thatof thep-compound. Sol. CHC1„ 
and alcohol Water at 170® converts it into 
phthalido. 

Tetra-w-chloro-wt-xylene C^H^lCHCl^) .. 
(273®). S.G. 1-636 (Colson a. •Gautier, 1^. [2] 
45,509). 

Tetra-o»-chloro-p-rylen 0 CoH 4 (CHCl 2 ), [1:4]. 
[93^. S.G.fiA*609. S.H. (16® to pO®)-243. S. 
(ether) 60 at 36®; 8. (ligroin) 7. Formed by 
heating p-xylaue (6J o.o.) and pure PCI, (40 g.) 
at 195°, ana crystallising the product from ether 
(Colson a. Gautier, Bl. [2] 45, 9). Saponified 
by boiling with water gives terephthalio aldehyde 
CeH,(COH)a [1:4]. [114®]. • 

Poata-w-oWolo-o-xyleae 0„H4(CCl,)(0HCl2) 
[1:2]. [54°]. ]l^om o-xylono (3-2 o.cd and PCI, 
(40 g.) at 200° (Gautier a. CoWn, 0. B. 102, 
689). Converted by boiling water into 
C.H,(C02H)(CH0). 

VoL. II. 


Hexa-ohloro-fft-xyleae 0,H,C1, [1:8], (o. 280°), 
From m-xylene and PCI, (Colson a. Gautier, 
0. jR. 102, 089). Converted by alkalis into a 
chlorinated acid. 

Hexa-w-ohloro-p-xyleae C,H4(CC1,), [1:4]. 
[111®]. Formed by heating p-xylene (1 mol.) 
with PCI, (0-5 mol.) for 10 hours at 200®. Trans¬ 
parent crystals. Sol. ether. Heated with a 
solution of NaHO, it loses all its ohlorine, form¬ 
ing terephthalio acid (Colson a. Gautier, Bl. [2] 
45, 507). 

CHLOBO-o-XTIBKB SUIPHONIO ACID 
C„H,(CH,)2C1.S0,H [1:2;4:5]. Formed by buI- 
phonation of ohloro-orxylene (1:2:4) (Krtiger, B. 
18,1756). On redaction with sodium amalgam 
it gives o-xylone-sulphonic acid (1:2:4). 

Salts.—A'Na5aq: glistening needles or 
large flat prisms. — A'K: short needles. — 
A'2Ba4aq: long *necdles, sol. hot water, more 
sparingly in cold. 

Amide C^K.Me.Cl.SOjNHa; [207®]; long 
felted needles, sol. hot, si. sol. cold, alcohol, v. si. 
sol. water. .» 

Chloro-o-xylene-sulphonio acid 
C,.H 2 (CH 3 ) 2 CLS 03 H [1:2:3:6], Formed by sul- 
phonation of chloro-o-xylene (1:2:3) (Eriiger, B. 
18, 1756). 

Salt s.—A'Na aq: large pearly plates.—A'K: 
plates.—A'jBa aq : thin glistening plates. 

Amide 0,H,Mg,C1.SOjNH,: [199®]; fine 
silky needles or long prisms, sol. hot alcohol, si. 
sol. water. 

Chloro-nt-xylene-sulphonio acid 
C«H,(CH 3 ),C 1 .S 03 H [1:3:4:6]. Formed by sul- 
phonation of ohloro-m-xylene, CgH,(6H8);Cl 
[1:3:4] (Gundelaoh, Bf.[2] 28,343; Jacobsen, H. 
18,1761). 

Salts.—A'Na aq: long fine needles, si. sol. 
cold water.—A'K aq: needles, v. e. sul. water.— 
A'yBa very sparingly soluble small tables. 

Amide C,Hj(CH 3 ) 3 CI.SO,NHy [195°]. 
Prisms (from alcohol). 

Cbloro-p-xylene-sulphonio acid 
C„Hj(CH,)^CI.SO,H. Formed by sulphonation 
of chloro-p-xylenc. 

Salts.—A'Naaq; easily soluble prisnyi.— 
A',Ba aq: sparingly soluble needles (Kluge, B, 
18, 2099). 

CHLORO-wXYLIDINE C,H,,C1N. [89®]. 

From (2,3,l)-nitro w-lylone, nn, and HCl 
(Tavildaroff, Z. 1870, 419). Crystalline. 

Chloro-p-xylidine CyH 2 (CH 3 ) 2 Gl.NH, [1:4:2;5]. 
[92®]. Formed by the action of tinandHClupon 
nitro-p'xylone (Jannasch, At 176, 55). Lamina 
(from water). By diazotiging and treatment 
with cuprous chloride it yields di-chloro-p* 
xylene [71®]. 

Salts. — B'HC12aq. — B' 2 H,S 042 aq. — 

Acetyl derivative CjH^MejCl.NHAc— 
[171®], colourless needles (Kluge, B. 18, 2098). 

CHLORoSyiO-HYDEOftUINONB v.Chloiw- 

HTDBO-XTLOQUINON'a. 

CHIOBO - XYLOftHINONB C^HClMe^O. 
[®:1:4:2:6]. Ohloro-phlorone. [48®]. Conc.'HCl 
dissolves xyloqtinone, but immediately a brown 
crystalline mass separates. This is a mixture 
of mono- and di-chloro-hydro-iyloquinonea. If 
it be oxidised by OrO, or HNO, a mixture of 
mono* and di-ohloro-xyloquinones is got. From 
alcohol the former cryatalliaei VO- needles, the 
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tatter is plitei ((tatstanjen, /. pr. p] 23,430; 
< 4 . V. Bed, A, 15X, 168). Ohloro-iyloquraono 
Marerted by boiling with HOI into di-ohloro- 
hydio-iyloqninone. _ , „ 

Dt-obloro-xyloquinone 0,Cl,Me,0,. ]• 

Prepared as above. Not affected by boiling HCl. 

o-DI-OHlOBO^j-XyiYLENE-DI-miOSnO 

KTHEB CA[CHrCCl(CO^t)Jr 
ehlorO'Xaalonio ether and [l: 2 ]CaH,(CH 3 Bri 3 
(Baeyer a. Perkin, JB. 17, 462; C. J. 63, 14). 
Liquid. Alcoholic KOH gives o-phenylene-di- 
acrylio acid. 

Di.ohloro.m-iylylene.di-mslonio ether 
C,H,(CHrCCl(CO^t) 3 ),. JFormed by the action 
of chio w-malonio ethyl ether and sodium ethylate 
on m-xylylene dibromide (Kipping, (7./. 53, 26). 
Thick yellowish oil. 

Di-chIoro-j?.xylylene.di.malonic ether 
C„H,[CH,OCl(CO^t)J,. [87“J. Formed by 
acting with ethyl chloromalonate and sodium , 
ethylate on p-xylylene dibromide (Kipping. i 
C. J. S3, 86). Colourless sir-sided plates. Insol. ■ 
water, v. sol. alcohol, ether, .petroleum ether, 

“"^CmOBO-DI-XYLYI-ETHANE 0„iL,CI i.e. 
CIl,Cl.CH(0^,Me.Jr ^’rom di-chlorinated ether 
CH.,Cl.CHC1.0Et, xylene, and 11,80, (Hepp, B. 

7, 1416). On distillation it splits np into HCl 
and CH,:C(C,H,Me,) 2 . 

CHOLAUC ACID v. Cholio iCin. 

CHOLANIO ACID OjjH^O, ‘aq. [286°] (L.). 
8. -026 at 100°; -Oil at 20° (L.; ef. Kutsoheroff, 
B. 14,1492); S. (alcohol ot 98-6 p.o. at 18°) 1-37. 
[ 0 ) 0 “ 63° (T.); 88° (Kutsoheroff). Formed by 
oxidation, with K^CrjO, and H.SO,, of choleic 
acid C„H„0„ of dehydrocholeio acid C,,H„0„ 
and also (according to L.) of dcsoxyoholio acid 
(Tappeiner, A. 194, 231; Latschinoff, B. 13, 
1062; 18, 3045; 19, 474, 1521; 20, 1044; Bl. 
[2)46,818). Large tables or flat prisms. Tribasio 
acid. Dextro-rotatory. On further oxidation by 
boiling with HNO, (1-28 S.G.), it gives choloid- 
anio acid and pseudo-choloulanic acid. 

Salts.—A’"3a,6aq: tables or plates; S. 
(at 18°) 4-12; [a]„= + 49-37°. 

' ^ono-methyl ether k'^Me: [207°]; 
very slender needles; v. sol. alcohol, less sol. 
ether; the Na, K, Ca, and Ba salts are v. sol. 
water and alcohol.—A°'MeBa. 

Mono-etKyl etheV A"'H.,Et: [190°]; the 
properties are the same as those of the mono- 
methyl other.—A*°EtBa.—A"EtPb. 

Di-methyl ether A'lIMo,: [170]; 

’^tethyl ether A-'-HEt,: [131°].- 

A"'J!t,Ba.—A"'jEt,Pb. 

Tri-methyl ether A"'Me,: [121°];necdles. 
Tri-ethyl ether A"'Et,: [76°]; needles. 
Tso-cholabio acid CaH„0,(7) [248°]. , 

[e]»-.78-3°. S.-022; S. (alcohol) 91; S. (ether) 
•018. Formed in small quantity, pother with 
cholanio acid, by oxidation of choleioaoid, with 
K.Cr.0, and HjSO, (Latschinoff, B. 16, 713; 
19,1629). The cholanio acid described by Tap¬ 
peiner appears to be oontaminated with a small 
quantity, of this isomerio sold,* Pearly plates. 
Ponta-basio acid. „ 

Salts,—A'K.: soluble hair-like needles.— 
A'KJH,: fine needles.-A'jBa, lOsq?: sparingly 
scdnole amorphous powder. — A’Ba,H. — 
A',Pbi6aq: amorphous pp., insol. water and 


alcohol.— A’Ag,: insomw# timapnoM .Jfjt;'. 
A',Ca,Cu,O4l0aq: amorphous btea pK 
'Methylether CI„H,0 Me.: C18§%j phOet 
From the lead salt and Mel. 

Ethyl efcsr O..H..O,E4: [48»^0°]: flat 
needles. 

CHOLECAHPHOBIC ACID «. CBonoiniiino 


ACID. 

CHOLElO ACID C..H„0,(?). [186°-190°]. 
S. (water at 20°) -0046; (75 p.o. alcohol at 20°)4; 
(absol. alcohol at 20°) 7-1; (absol. ether at 20°) 
•133. With 300 mm. of a 6-06 p.o. solution in 
absol. alcohol at 20°, [o]b = 66°40'. From alco¬ 
hol or acetic acid it crystallises in hemihedral 
rhombio needles, (i:b:c — 1 1 ‘5057 : P8 598. Occurs 
in saponified ox-gall togethsr wfth oholio and 
desoxycholic acids. It gives Pettenkofer’s test 
for bile acids (Mylius, S. 11,492). On gentle 
oxidation with CrO, and acetic acid it is con¬ 
verted into dehydrocholeio acid 02 ,H..O,, by more 
vigorous oxidation, with K.Cr.O, and H.80,, 
into cholaiiic acid (but no Ipiiauio acid). Ac¬ 
cording to Latschinoff by boiling with glacial 
acetic acid it is converted into desoxycholic 
acid (called by him ‘ hydrated choleic acid ’); 
Mylius, however, was unable to confirm this 
statement. 

Salts.—A’Ag.—A'JBa: microsoopio plates, 
insol. strong alcohol and water, v. sol. dilute 
alcohol forming the hydrated salt.—A'.Ba 6aq: 
needles, v. sol. dilute alcohol, S. (water at 20°) 
■083 (Latschinoff, Bl. [2] 46, 817; B. 18, 30.39; 
19,1140 -, 20, 1043,1053 ; Mylius, B. 19, 309 -, 
20,1968). 

Dehydroeholoio acid C...,H„0, (?) according 
to L. [183° unoor.]. Obtained by slowly adding 
a 10 p.c. solution of CrO, (3 pts.) in acetio acid 
to a 10 p.o. solution of choleic acid (4 pte.) in 
acetic acid; the yield is 60 to 70 p.o. Accord¬ 
ing to L. it is also formed by similar treatment 
from desoxycholic acid. Silky tables. Less 
soluble in water and alcohol than dehydrocholic 
acid. By farther oxidation with KjCrjOjvand 
II.,BO, it yields cholanic acid.—A"BalJaq: 
needles, v. sol- alcohoi, si. sol. water (Latschinoff, 

B. 18, 3045: 20, 1044). 

CHOLESTEKIN (Animal cholesterin) 

C. „H„0,aq, or C„H,.,0,aq, or C„lI„Oaq. [146°, 
Hesse] [147-.5°, or cor. = 148-5°, lleinitzor] 
[usually given at 145° to 146°]-* [o]d for 
anhydrous cholesterin from gallstones in chloro¬ 
form = (-36-61-r 0-249 p.) (0. Hesse). This 
rotation depends to some extent on the strength 
of the solution. S.G. ^ 1-046 (Mehu, J, Ph. 
[4] 20, 175); 1-067 (Hoppe-Seyler, Omelin’a 
llandb., 18,113>, 1-03 after fusion (Hein., ibid.). 

I l^curfence.—This substance was first ob¬ 

tained by Conradi irf 1755 from human gall¬ 
stones, ot which it sometime* constitutes nearly 
the entire dhbstanoe. It has been found in 
human bile (Chevreul, A. Ch. 6; 96,166); 
in the blood (Lecanu, A. Ch. 67, 64; Boudet, 
ibid. 836; Denis, J. Ohim. Med. [2] 4, 161; 
Becquerel a.Bodier, Goz. Med. 47); together with 
protagon as an e^ential constituent of the 
nervone tissue, of the yolk-of egg, of tho 
seminal fluid, and of the re*’and white cor- 
puscles of tho blood (Hoppe-Seyler, Med. Glum. 

‘ When oholesterin U mixed with isc-chclwterm, the 
meitihg point is iowered* 
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kO; /. 1866, 744) t lo tha brain 
Oh. 66, 281; [8] 11» 

Bied. Oentr. 1881,660)—the brain 
of a boy 16 ^ears old was found to (vntain 26*92 g. 
obole8tdrip»2*84^.o., that of a woman 19 jreara 
old. 26*79 g. - 2*12 p.o. (Beneke); in the yolk of 
egg (Lecanl, J. Ph. 16,1; Gobley, ibid. [8] 12, 
12 -four hen’s eggs yielded (>•692 g.. and four 
newly batched chickens 0*41 g. (Beneke); in 
oxen bile (fittfner, J. pr. [2] 19,305); in human 
mil'c to the amount of 0*0318 p.o.jTolmatacheff, 
Mcd.‘Chm. Unkr8. 1, 272); m cow’s milk 
(Schmidt a. Mulheim, Archivf. d. ges. PhysicL 
26,884); in the spleen, and abundantly in the 
excrements oj the crocodile (Marcct, A. Ch. [8] 
69,91); in guano^(Hoppe.Seyler, J. 1803, 654); 
in the corpus luteum of the cow (Lieben, Z. 
4,646); along with paracholesterin in the proto¬ 
plasm of eUuilium septicum (Reinke a. Rode- 
wald, id. 207,228); along with iso-cholesterin in 
th^ grease of sheep’s wool (llartmaon, huiug. 
Dissert. Obttinger% 1808; E. Schulze, Z. [2] 6, 
•163); and in certain morbid products of the 
animal economy, such as cerebral concretions, 
scirrhous matter of the mesocolon, hydropic 
liquid of the abdomen, ovaries, testicles, <&o. (Las- 
saigne, A. CU. 9, 324; 0. Henry, J. Chim. Med. 
1, 280; Caventou, J. Ph. 11, 462; Lehmann, 
Lehrb. d. Physiol. Chem. 2te AuU. 1, 286). 

The first exact fnalysis of oholcstcrin was 
made by Chovreul, who assigned to it the for¬ 
mula Its metamorphoses have been 

studied by Marchand {J. pr. 16, 37); Rodten- 
bacber {A. 67, 145); Meissner a. Bchwendler 
{ibid. 59,107, also J. pr. 39, 247); Zwenger (yl. 
06, 5; 69, 347); Heintz (P. 79, 521); Berthelot 
{A. Gh. [3] 66, 61); and by others, who will be 
referred to in the course of this article. j 

Prejyaralion.—l. By crystallising biliary j 
calculi from boiling alcohol, to which a little | 
potash is added to dissolve any fatty acids that 
may be present.—2. By extracting brain sub¬ 
stance with ether, and boiling the evaporated 
extract with alcoholic potash.—3. From the 
grease of sheep’s wool bv saponifyiDg for 20 
hours at 100® with alcoholic potash in a closed 
stoneware bottle,evaporating the alcohol, taking 
up with water and shaking with ether. The 
residue from the evaporation of the ether con¬ 
sists of a mixture of cholosterin, iso-cholesterin, 
and a nearly-related amorphous alcohol poorer 
in carbon,and these are best separated from 
one another by conversion into their benzoic 
ethers, by fusing the mixture of alcohols (2 
parts) with benzoic anhydride (1 part) to about 
180'^ for 48 hours. The resulting mass is rubbed 
up with a little alcohol in a mortar, tneate^i first 
with a cold solution of i 2 a.jG 03 , and then with 
warm water to ext(cct the benzoio acid formed 

* ThU amorphoos alooliol, which is p^rer in carbon 
titan cbolestorlo, la t. aol. cold alcohol, ether, and acetone, 
but it has not je#beea obluincd pure, in fact there is as 
et DO g-iiiraatM that it Is a ohomically simple substance, 
t has a we^, aromatic odour, and melts at a gentle heat, 
it appears to be pnesent tn the (at, partly free and partly 
combined with Mtis, chiefly olelo. The greater portion 
Of wool-fat ooasUte of oompoundeethers, but a portion o( 
the alcohols— at let^ of the oholestorins—and also some¬ 
times a portion of As adds are present in the free state. 
The (onnatioo of potash soaps In wool-fat is now readily 
cxptaincfl by the presence of fireo fatty acids on which the 
K,00, can act; a portion of the compound ethers may, 
howsTsr, be d^mpoeed also (Schulse a. Urioh,/.j^.[2] 
Miij, 


(Oouerbe, i. 
486 ; Bendec, 


w 

t&d the e«e88 of anhydride, and then dried. 
To^ the mixture cold ether is now added, in 
which the benzoate of the amorpWs aloohol is 
readily soluble, those of oholesterin and iso- 
cholesterin dissolving only slightly. The two 
latter :i^ay then be separated by slow recrystal- 
lisatioQ* from ether and elutriation, oholesterin 
benzoate crystallising in plates, and iso-cboles- 
terin benzoate in needles. The benzoates are 
then separately saponified for their respective 
oholesterins, which are recrystallised for further* 
purification (E. Schulze, J. pr. 7,163).—4. On 
adding ether and HCl to fresh oxen bile, tlio 
oholesterin is obtained in the ethereal layer 
(Hufner, J. pr. [2] 19,305). • 

Properfws.—Monatomic alcohol. Laminated 
transparent crystals of C^i^Hi^O.aq (from a mix¬ 
ture of alcohol (2 vols.) and ether (1 vol.)), which 
give oC their water at 100®. Plates (containing 
aq) (from alcohol and ether). Anhydrous needles 
(from chloroform). Tasteless and inodorous. In¬ 
sol. w'ater, v. sol. hot, si. sol. cold, alcohol, v.sol. 
ether, chlorofornf, carbon bisulphide, oil of tur¬ 
pentine, soap water, and neutral fats, <&c. 

Reactions. —(o) Sublimes at 200®, but decom¬ 
poses at a higher temperature. (6) Resists the 
action of cone, alkaline solutions, even at the 
boiling temperature, but is decomposed by lime 
at about 250®, with evolution of hydrogen and for¬ 
mation of an amorphous body nearly insoluble in 
alcohol, (c) For the action of halogens v. De¬ 
rivatives. W) Yields with cone. H^SO, a. b. and 
0 . Cholestenlins (u. these) (Zwenger). (e) Yields 
with cone. HjPO, (a) and (/3) Cholesterones {g. v.). 

Characteristic tests. — (a) When a few 
centigrammes arc dissolved in chloroform and 
the solution is shaken up \vith an equal volume 
of H^jSO^ (best of 1*76 S.G.), the chloroform 
layer, at first yellow-brown, soon becomes blood- 
red, and then cherry-red or purple, the colour 
remaining for some hours if the solution is in a 
closed bottle, i.c. if air be not admitted ; it then 
becomes blue, green, and finally yellow. The 
sulphuric acid at the same time shows a fine 
green fluorescence (Hesse, A. 211, 283; Reinke a. 
Rodewald, A. 207,229; Balkowski, G. G. 1873). 
(6) When a small quantity is evaporated at a 
gentle heat with a drop of nitric, acid, a yellow 
spot is left, which turn! rod when touched with 
a drop of ammonia, and the red colour thus pro¬ 
duced is not essentially altered by subsequent 
addition of fixed alkali, thus distinguishing this 
from the corresponding reaction with uric.acid 
(Bchill, A. 116,113), (c) When slowly evapo- 
rated to dryness with 8 vols. cone. HCl or 
H^SO, and 1 vol.FeCl^solution, the particles re¬ 
maining undissolved assume a violet-red colour, 
clflanginjf to bluish-violet at a somewhat higher, 
and dull-grey at a still higher, temperature. 
This r^actio^, which fs likowiso produced with 
AuClj, PtCl„ or K^CrA + HCl, is not exhibited 
by the colouring matter or any other constituent 
of the bile (Sohiff). 

Appitcaitona.—Oholesterin possesses the pro- 
perty of absorbing more than 100 p.c. of water 
(Liebrich, cf. C. 8. I. 6, 578), a point of great 
therapeutic moment. The grease ol sheep’s 
wool is now therefore being purified in quantity, 
and tho manufactured product, which ia tormM 
' lanolin,’ used as a basis for oiutmeuts, tko. 

l2 
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Cholesteryl oMoriflo, [97®, Wa- 

itzky]. [96°, Baymann], Prepared by action 
>1 POl, on oliolesterin or its acetate. Small 
icales, el. sol. alcohol, ▼. eol. ether. Not decom¬ 
posed by aqueoas, but by boiling alcoholic potash 
(Planer, A. 118, 25; Lindenmeyer, 90, 
321; Kayman, Bl [2] 47, 898). 

Oholesterin dibromide Cj^H^OBrj. Prepared 
b^ the action of bromine on cholesterin, both 
disBoWed in GS,. White needles (from ether- 
alcohol), el. sol. alcohol, v. eol. ether. Is recon¬ 
verted to cholesterin by Na amalgam (Wislioenus 
a. Moldenhauer, A. 146, 175). 

Cho^osteryl chloro>dibromlde Cj^ir^jCl.Br^. 
[128°]. Prepared by gradually adding Br to an 
ethereal solution of cholesteryl chloride. White 
^wder or large colourless crystals (from CS.^). 
Svl. carbon bisulphide, chloroform, and ligroin 
(Bayman). 

Mitro-oholesterin [94°]. Bed-yellow maee, 
insol. water, eol. NHjAq and K(Na)OHAq, v. sol. 
alcohol, ether, chloroform, Ac. (Beiuitzer, M. 9, 
421). * 

Di-nitroHsholesterin C^^.,{N0j).0 or 
C2,H„(N0;,),0. [121°]. Colourless needles (from 
alcohol). V. sol. hot alcohol and ether (Preis a. 
Bayman, B. 12, 224). 

HitrO'Cholesteryl chloride C 2 ,H, 2 (NOj)Cl or 
®a»®»(NO,)Cl. [149°]. Colourless needles (from 
alcohol) (P. a. B.). 

Cholesteryl acetate Ca^HjaO.C.H.O or 
CjjH^O.CjHjO. [92°, Lobisch, B.6, 613]; [113°, 
Baymann.Bf. 47} [111°-112° uncor. (chol. from 
gallstones), Jacobsen]; [114*5° cor.] (from gall- 
etonee) (Beinitzer, 3f. 9, 428). 

Preparation. heating oholesterin, also 
eodiom cholesterate, with acetic anhydride, or 
with acetic acid or acetyl chloride. Needles 
(from benzene). Trimorphous, the first modi- 
noation being monosymmetric crystals, and the j 
second monosymmetric plates wltli rhombic i 
edges, while the third form has not yet been do¬ 
wned. Shows curious changes of colour on soli¬ 
difying after fusion, which rhangos are not yet 
explained, but are apparently closely connected 
with the separation—during fusion—and re¬ 
solution of a substance whose nature is not 
known (Leymann v. Beinitzer, loc. cit.). 

Bromo-cholesteryl ajetate Ci^H^iBrj.C^H.Oj. 
[118° cor. and 116° cor.] (Beinitzer, M. 9, 424). 

Long glancing tables (from ether-alcohol). 
Dimorphous, the first modification being mono- 
symmetric tables Uld°]> second asym¬ 

metric tables [116*^. ^mewhat decomposed by 
light (Beinitzer). * 

Cholesteryl outyrate CaiH„0.C,H,0. M. sol. 
hot alcohol. 

CholesterylstearateCj^H^jO.OigHjjO.Necdles, 
sL sol. cold ether, almost insol. alcohol (BSr- 
thelot). k 

Cholesteryl benzoate C^,|O.C,H.O or 
C^H^O.C^HjO. [150°~161° Schulze; 146*6° cor. 
Beinitzer]. 

Pre 2 }aration.~Bee separation of cholesterin 
and isocholesterin (Schulze, J. ffr.). Better, by 
heating anhydrous oholesterin (10 pts.) with 
benzoic anhydride (12 pts.) in an opon fiask to 
150°-160° for 1^ hoq^ (Beinitzer, M. 9). Beau¬ 
tiful small (dancing tables (from ether); m. sol. 
ether, si. sol. boiling alcohol (Berthelot. ^hulze). 
Ttimorphooi, the first modification being tetra¬ 


gonal crystals, the second forming rhombic 
needles or small plates, and the third crystallisinp 
in thin broad plates. Exhibits on fusion colour 
phenomena 6|nilar to those shown by the acetate, 
but not quite the same (Beinitzer, cit.),* 

Sodium cholesterate Cj^H^NaO. * [150°]. 

Fonnation. —By the action of on a satu¬ 

rated solution of cholesterin in petroleum. Silky 
needles (from petroleum or chloroform). Slowly 
decomposed by water, movo quickly by alcohol 
(Lindenmeye^. J. pr. 90, 3*21). 

Cholesterylamine C^sH^NHj. [104°] (Henry). 
Small plates. 

Cholesteryl-anilme C., 5 H^,.CaH,NH. [187°]. 

Preparation.—By heating chelcsterin chlo¬ 
ride and aniljUG to 180° for G-l2 hours (Wahtzky, 
Chem. Sect.d. Rn^s.phys.-chem. Gea., Oct. 1878; 
B, 11, 1987). Long rectangular plates (from 
eSn); m. sol. ether and boiling alcohol, v. sol. 
carbon bisulphide. Ppd. from ethereal solution 
by mineral acids. • 

Salts.-The H.,SO„ HN4)„ and HCl salts 
are crystalline. 

Cholesteryl-p-toluidine CjjH^NHC.H,. [172°]. 
Prepared at 150°-180°. Bectangular tables 
(from other), Sol. alcohol, ether, and carbon bi¬ 
sulphide. Weak base (Walitzky). 

Salts.—TheHNO t salt is much more stable 
than those of HCl or H.^S(X. 

Tri-oxy-cholestenn C25H,.20,. 

Preparation .—(a) By saponifying the di- 
acetin (see below) with alcoholic potash, dissolv¬ 
ing the residue in water and ppg. by an acid 
(Latschinoff, Chem. Sect. d. Bttss. phya.-chem. 
Qes., Oct. 1878; B. 11.1941). 

(6) By oxidising a solution of cholesterin in 
HO Ac byKMn 04 ; this latter method does not 
yield it quite pure. 

Properfics.—Yellowish powder. Sol. alcohol, 
i ether, and KOHAq. Mo4. w. not yet determined, 
liescmbles phenol in behaviour. 

; Di-acetyl derivative CaTH.oOlCjH.O,),. 
[77°]. 

Preparafion.—Cholesterin acetate is oxidised 
by KMnO, and the di-acotin dissolved out of the 
resulting mass by ether (Latschinoll). 

Properties. —White hard powder, indistinctly 
crystalline, obtained on a<lding water to the HOAo 
solution. V. sol. glacial acetic acid, alcohol, 
ether, benzene, <&o., but not crystallisable from 
any one of these. 

Cholesterilino b, and c C^H,. or C^iH,, 
(Zwenger, A. 66, 6; C9, 847). 

Preparation.—By acting with cone. H^SO, on 
a slightly heated mixture of oholesterin and 
dilute sulphurio^cid. 

^opehiea.—{a\ [240°]. Amorphous. Insol. 
water, almost insol. albohol, v. si. sol. ether. (6) 
[265°] shining scales. lusok wa^or, m. sol. hot 
ether, (c) [fe7°]. Besiaous. Insol. water, sol. 
hot other. 

Walitzky’s Choleatene obtained by 

heating cholesterin with sodium to 150°-155°, 
appears to be identical with e, also with the com¬ 
pound obtained by acting on cholesterin with 
HI (8.G. 1*5), or byneating it with soda-lime up 
to 250°. Gholestene and the two last give, with 
excess of Br, the same compound CogHs^Br. 
(Walitzky, C. B. 92,196). 

T. Weyl {AreMv f. Anat. und Physiol. 1, 
182) has studied these oompounds anew, and 
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considers that thev agree wUh the formula 
(G,Hg)pH 20 , For the relations between oholes* 
tcrin, cholalio acid, and the terpgnes, see Lat> 
schinofT, Walitzkj^nd Wejl. * 

Cholestlrones CmH,, or When choles- 

terlnis boile4with excess of oono. phosphoric acid 
it forms two compounds, a. and ^'Cholesterone, 
isomeric with each other, but differing in physi* 
cal properties (Zwenger, A. C9, 347). 

a-C/iloresterone. [ 68 °]. Bectanplar 
prisms, y. sol. alo<^ol and ether, tnd distilling 
without decomposition. 

0 ‘Ohoh3terone [175°]. Small silky 
needles, almost insol. alcohol, si. sol. ether. 

Chol6Bterio*aoidiO,^,«0,. 

Fmnaiion.~By the oxidation of cholic acid 
0«H„OjOr (0„H„0J*, by K^Cr^O, (lOparts) and 
HjS 04 (15 parts). The acid must bo diluted with 
at least three times its volume of water before 
the«xidation, and the latter interrupted as soon 
as the cholesteric ^id is formed, otherwise it is 
obtained mixed with pyro-oholesteric acid (see 
below). Bedtenbaoher’s cholesteric acid 
(.4. 67, 160) is such a mixture. The hltcred 
solution must be concentrated at a low tempera¬ 
ture, unless the is first neutralised. The 
ohoiesterio acid crystallises, and is purified cither 
by washing with a little cold water or by recrys- 
tallisation from ethea (Tappeiner, A. 194, 211; 
2J. 12,1627; Latschinoff, K 12,1518). 

Properties ,—Tribasic acid. Needles (from 
water and alcohol), long prisms (from ether con¬ 
taining some water). V. sol. hot water. Not 
volatile with steam. Slightly dextro-rotatory in 
alooholio solution. Gives no colouration with 
sugar and K^SO^, and has not the toxic action 
of cholic acid. Its power of crystallisation is 
greatly diminished by the presence of small 
quantities of the pyro-acid. 

Salts.—The Ca ana Ba salts are less sol. 
hot than cold water. At 100° they generally go 
into^alts of pyro-oholesteric acid (Tappeiner). 
A'"^a„ A'"Ag„ A'"H,Ag. 

Pyro-cholesterio acid G,,H, 40 j. [108°]. 

Preparation,-~{a) Best by heating a solution 
of cholesteric acid in glycerin for 5 to 8 days at 
198°, saponifying the glycerates, distilling olf 
small quantities of volatile acids, such as pro¬ 
pionic, and extracting with ether (Tappeinerl. 
(5) Also by boiling with E 2 SO 4 diluted witn 
$ vols. water, but in this case the decomposition 
goes further. 

Properties ,—Gummy mass, sol. water,alcohol, 
and ether. 

Iso^cholesterin [138^-138*5°]. [a]„ in 

ethereal solution+60° ^chul 2 e,*r.pr. [2] 7,el 63; 
Schulze a. Urioh, J» iV.(^2] 9, 321; Schulze, 
B. 12, 249). 

Occurrencs^InXbo fat of sbeepfs wooL 

For Preparation and separation from eholes- 
terin, see the hitter. 

Properties .—Flocks (from dilute alcoholic 
lolutionh a jelly (from concentrated alcoholic 
solution), fine transparent needles (from other 
or acetone). SI. sol. cold, f. sol. hot, alcohol, 
ether, and aoeto|| 9 , «.«. solubility is very much 
the same as that of oholesterin. A mixture of 
oholesterin and iso-cholesterin melts at a lower 
temperature than either separately. 

Reactions.—{a) The GHOlg and HjSOi test 
gi'rea only a very feeble colouration (Scnolaet 


/. pr. [2] 7.163), (6) Tlie HNO, and NH, test 
gives the same colouration as oholesterin. 

Iso-cholesterin derivatives. 

XsO’Cholesteryl chloride G24H4,C1. 
Prepared by the action of PCI, on iso-cholesterin. 
Amorpbtius. V. sol. ether, si. sol. alcohol. 

Acetyl derivative (below 100°]. Amor¬ 
phous; si. sol. alcohol. 

Stearyl derivative [72°]. Fine white 
needles (from ether). V. si. sol. alcohol. 

Benzoyl derivative 
(190°-191°]. Fine needles (from ether). SI. sol. 
alcohol, m. sol. acetone, v. sol. ether. 

Phytostorin C 2 uH 440 ,aq. [132-133°] •(Hesse, 
A, 192); [133°] (v. Lippmaun, B. 20, 3201); 
[133°] Paschkis,ir. 8,356; [132°]. [136°], [188^^], 
and [136°], Jacobsen; [136-137°], Beneke; 
[136-137°] Schufze a. Barbieri (from lupines), 
J.pr. [2] 25,169. [o]d (anhydrous in GHClJ 
= -34-2° (Hesse) 

« - 33’7° and - 35*1° {v. Lippmaun) 
from -BO ^ 4o -33*4 (Jacobsen) 

—32*7° (Paschkis) 

- 32*5° in ether (Lindenmeyer) 
~36’4° (Schulze a. Barbieri). 

Those who first isolated phytosterin considered 
it to be oholesterin. The name phytosterin was 
given to it by Hesse. 

Occurrence.'—In peas and olive oil (Beneke, 
A. 122, 249; Knop, C. 0. 1862, 819); calabar 
beans (Hesse, A. 192, 176); in the seeds and 
cotyledons of the shoots of the yellow lupine, 
‘ Lupinus luteus ’ (Schulze a. Barbieri, J. pr. [2] 
25,159): in almonds; mustard seed; Bookshom 
seed; in numerous fungi, e.g. Polyponis offici¬ 
nalis (Sclimieder, C, G. 86, 774); in the seed 
oil of rape, lentils, almond, cotton, earth nut or 
pea nut, poppy, and cocoa (Salkowski, Z. f. 
Anal. Ch^. 20,557); together with oholesterin 
in butter and cod-liver oil (Salkowski); in hog’s 
beans and vetches (Jacobsen); in the juice of 
beet (v. Lippmann, B. 20,3201); in wheat gluten 
(Ilittnausen, J. pr. 85, 212; 88,145); in maize 
grains (Hoppc-Seyler, Krit. Zeit. 10, 82); in 
barley fat (Stellwaag, Zeitschr. /. d. g. Brauius. 
1886,176; Chem.ZL.Ckem. Bepert. 10,No.23); 
in the fat of meadow hay and of oat straw 
(Konig, Landw. Versuchstationent 17, 8, 11); 
in colchicum seeds (PasSlikis, H. 8, 356); in the 
oil of the seeds of Chaulmoogra {Gynocardia 
odorata, Boxb.), of J^qairity (Adrus precatorius 
)Lam.), and in the iat of tne leaves of Ery- 
throxylum hypeiificifolium 'Lam. (Heckel a. 
Schlagdenhauffen, C. R. lQ2t 1087); probably 
also in the animal body, possibly together with 
oholesterin, as may be deduced from older ob¬ 
servations (Gmelin, Ilandb. 4, 2092). 

9 Preparation.—(a) From peas (Beneke, loe, 
dt.). 

(b) From qalabar beans. These are Extracted 
with petroleum ether. When this is eva^rated, 
a fatty oil is left, out of which phytoste^rin crys¬ 
tallises. It is separated from the oU by pressure, 
purified by dissolving in ether with bone blaok, 
and recrystallisdd from alcohol (Hesse, A. 192, 
176). 

(c) From beans. The powdered beans are 
extracted with alcohol, tlie alcohol distilled, and 
the residue extracted with ether. This extract 

' It Is possible that In some of tiie esses here mta. 
tloned a o^esterla other tbsa pbytoilerla ts pressat. 
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I saponified witli 26 p.c. NaOH, and the layer 
f fat separated from the deep-colonred mother 
iqnor. The fat, purified from glycerin, ia then 
«traoted with ether, and the pbytoaterm ob- 
ained from this ether extract (Jacobaen^imtuflf. 
Dissert. Kdnigsberg in Prcusaen, 18871. 

(d) From the powdered seeds ^d shoots ol 
die yellow lupine (Schulze a. Barbieri, J- [2] 

J6,169). The finely powdered seeds and 

ire extracted with ether, the extract distilled, 
and the residue boiled for several hours with 
alcoholic potash, using a reflux condenser, iho 
solution thus obtained is evaporated, the residue 
rubbed ^lp with water and shaken with otlier 
Several times. The ether is then distilled olT, 
and the residue dissolved in the least possible 
quantity of hot alcohol. On coaling, the phy to- 
sterin crystallises out. It may then be pu^cd 
by conversion into the benzoate, re-saponmca* 
tion of this with alcoholic potash,and re-crystal 
lisation from alcohol. , „ • 

(e) Reinitzor recommends the following 

method for the separation of cholesterm from 
fats IM. 7, 697). The juice—tf.t/. of carrots- is 
ppd. with PbAo,. the pp. dried, and-togetlier 
with the pressed vegetable— extracted by cai bon 
bisulphide. The residue after distillation of the 
bisulphide is saponilicd with alcoholic potash, 
the alcohol evaporated, the mass taken up with 
water and ppd. by BaCl,, and the washed and 
vacuum-dried pp. extracted by aceton<^ I 

Propcrfics.—Glittering plates of : 

(from alcohol),silky needles of C..,iH„0 (fromchlo- | 
roform, ether, and petroleum ether). Insol. water 
or KOHAg, v. sol. hot alcohol, ether, and chloro¬ 
form. A mixture of phytosterin (from lupines) 
and oholesterin crystallises from alcohol in a 
mass of small needles, i,c. in a form different 
from that of either separately. , _ . , 

Beactwn$.-ia) The CHCl, and H,SO, test 
ffives exactly the same results as with cholesterm 
and quebrachol (Hosse, A. 211, 283). 

(6) Cautiously evaporated with HCl and 
Fe^Cli, it gives a violet colour like ordinary cho- 
leAei'in. 

Acetyl derivative Ci,H„0(CJI,0) or 
CaH„O(0jH.O). [120°, Hesee]. [UO , 120 , 
118°, and 126° uncor., Jacobsen]. Glancing 
plates {from alcohol) (Heaiie). Eesembles in its 
properties the acetates of oupreol and quebra- 
ohol (H.). Prismatic needles (from alcohol) 
(Jacobsen). SI. sol. alcohol, v. sol. ether and 

derivative [U5'5°, 147°, 146°, 
and 146° uncor., Jacobsen). Thin glancing 
rectangular plates (from ether), si. sol. alcohol, 
in. soL ether and chloroform. Gives the colour 
teaoUons with CHCl, and H,SO. and with Fe,Cl., 
but not with HNO. and OT. (Jacobsen). 

Hvdrocarotin OaHuOaq? 

CHOU -86° (Amand, C. B. 103, 1819; also 
100 , Wl). [lS 8 - 2 »]. [a]„ (in CHOU 

nitafr, M. 7,679). This substance is probably 
phytosterin, althoogh Ecinitzer considers that it 
more nearly resembles LieberSiann s cholestol 
(oxyquinoterpene) 0,^„0.7 [139°],.whioh latter, 
In its turn, Hesse look» on is being probably 
almost pure oinchol. 

Occutrenee and prepa/raiwne —In and from 
Oarrots. . 

2 Vc 3 > 6 rfi«.—Blatoa (oontammg aq) (from 


alcohol), anhydrous needles (from the other 
vents). Insol. water, si. sol. cold, y- boI. hot 
alcohol, ether* chloroform, Ac. FrShde (/. 
102,424) declared bydrocarotuftobe c^lestenn, 
which Husomann repudiated. Amiud, how- 
over, finds that Husemaun’s hydrtftarotin (A. 
117,200) is phytosterin mixed with some caro¬ 
tene. . .. 

Reaetums.-Giree the oholesterin reactions 

with 

(а) CHC1> tnd HjS 04 

(б) HNOs and NH, 

(c) HCl and Fe.^Clfl anort /n 

{d) Liebermann’s with {Ao)..0 and HjSO, (i>. 

18 1803). * 

’ Acetyl derivatives. [128'2°j. Colourless 
crystalline scales (from ether-alcohol). SI. sol. 
hot alcohol. . • 

Benzoyl derivative. [145®]. Dimetnc 
: ulancing tables, when slowly crystallised fipra 
ether. V. sol. ether. ICf. pl^tostermO 

Fara-oholesterin 0„H„Oaq. ®, 

uncor., R. a. R.). [a]„ (in CHCl,) -28-88 and 
-27-24 for difierent strengths (R. a. R.). 

Occurrence.—la the protoplasm of Btlialtum 

^^^\>reparation.—Ethaliumseptictm is digested 

with alcohol and the whole mass evaporated to 
dryness and extracted wifii ether, hrom this 
the p-oholesterin crystallises out, and is punned 
by orystallisation from hot alcohol, the cholo- 
stcrin which is also present remaining in the 
alcoholic mother liquor (Eeinke a. Eodowald, A. 
0()7 229) 

Pro/criiss.—Plates (containing aq) (from 
alcohol), silky glancing needles (from ether and 
chloroform). V. sol. hot alcohol, ether, and 
chloroform, m. sol. cold alcohol. Gives up its 
water over H,SO.. general properties it 
a-iees with oholesterin. iso-oholestenn, 
Reneke’s oholesterin from peae, in chemical 
properties it resembles Hesse’s phytostenn, 
Iteactims.^ Tbe CHCl, and H,BO. test gives 
much the same colouration as Schulze’s iso-oho- 
lestorin. At first both the chloroform and sul¬ 
phuric acid layers are coloured yeUowish-brown, 
tile latter with green fluorescence. On prolonged 
standing the chloroform becomes blue and then 
violet, while the acid becomes a deepM brown 
and the fluorescence increases (B. ^ 

Beneoyl der%vative. [127 -128 un 
corl. Thin glancing rectangular plates (from 
ether). V. sol. ether and chloroform, m. sol. 
hot, si. sol. cold, alcohol (R. a. R.). 

Caulosteritt C,,H„Oaq. [168 -169 ]. [“]» (>n 

ChloXotorpi) -49-6°. T IV,. rnnt 

Occurrence and }>reparattcn.—la the itmt 
and growing parte (radicles) of the shoots of the 
yellow lupine, ‘ Inpinus lutehs, tom 
extracted in the same way as the phytosterin 
from the seeds (Schulze a. Barbien, J.pr. [2] 

With CHCl, and H,SO, it be¬ 
haves in the same way as cholesterm and phy- 

derivative .—glancing plates 
(from ether). 


It will be seen from the foregoing description 
of tto oholestorins that muoh investigation la 
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stil! wquirod to determine trhether they are 
homologues or iaomoridcs. 

1. The' various animal obolestcrins (from 
biliary calculi, b^ins, Ac.) havelhithoito been 
coneideret to be one and the same substance, 
since prepvatious from many different sources 
have been found to possess the same melting- 
point, and also because of the homogeneity of 
the benzoic ether (Schulze a. Barbieri); but the 
point still requires further proof (Beinitzer, M. 9). 
It is not impossible that different obolesterins 
should occur in dtSeront animal organs, just as 
different varieties were found by Schulze and 
Barbieri in different parts of the yellow lupine 
{cf. Hesse, 19^. For the probable relation 
of the cholesterins to the terpenes and camphors 
V. Walitzky (B. 9, 1310). Latschinoff (B. 12, 
1518), Liebermann (B. 17, 871; 18,1803), and 
Weyi {Archiv f. Amt. u. Physiol. 1, 182, B. 
19|^ Bo/. 618). The analogy of cholesterin to 
camphor is confirmed by the absence of any 
action when it il treated with hydrozylaminc 
(Rayman, Bl. 47). 

2. Iso-oholesterin is apparently a simple 
substance. 

3. Para-cholesterin differs little from pbyto- 
sterin, excepting in specilie rotatory power, and 
requires to be further examined. 

4. With regard^to vegetable cholesterins, 

Hoppe-Seyler {Uandh. d. physiol, u. pathol. 
C/ww. 4t6 Aufl.p. 110) surmised that 

cholesterin was probably a constant constituent 
of meristematio plant colls. Since they are so 
widely distributed among plants the cholesterins, 
according to Schulze and Barbieri, are to be 
looked upon as invariable constituents of the 
protoplasm. These last-named authors found 
oholesterins in very considerable quantity in the 
etiolated shoots, but only in very small quantity 
in the green plants bf the yellow lupine, and 
hence they coficluded that vegetable cholesterins, 
esQpoially caulosterin, are decomposition pro¬ 
ducts of albuminous compoimds in the life 
process of the cells, a point already suggested 
by Hoppe-Seyler {Handb.!, 81). Hesse considers 
that, because normal cholesterin possesses a 
stronger rotatory power than phytosterin, the 
former compound must bo the next homologne 
to i.e. C^HjjO, the formula proposed by 

Walitzky, and also at one time by Berthelot 
(Gmolin, Handb. d. Org. Ghem. 4,2093), although 
the latter returned later on to the one usually 
accepted, viz. Beinke and Bodewald, 

however, think this insuihoirat to overthrow 
the theory of the isomerism of the oholesterins. 
Gupreol, oinohol, and quebn^ol (oil them 
C,yI^fO,H;tO), and also Xiebermann^s cholestol 
(which is believed by Hesse to be nearly pure 
cinohol), all4>elorf^ to this class qjt oholesterins. 
Beinitzer is of opinion that oynanoooerin, oynan- 
ebin, eobicerio, and eohitine (Hesse, A. 192,182), 
aspidol (Daccomo, Centralbl.97, 1357),ambraiD, 
oastorin, ^o., must also be inoiaded, and that 
the oholesterins ?rill ultimately be found to be 
divisible into two bomolegous groups, doxtro- 
and Iffivo-rotatery. For the latest discussion on 
this point, v. Beinitzer {M. 9). G. M. 

OEOL£STBOPHA1I£ v. Di-methyl-Pk-RiBksic 
iOZD. 

CHOLIO ACID «.e. 

0,Ai(CH.OH)(OH,.OH)aOO*H (?). Cholalio 


acid. [195®]. S. (of anhydrous crystals) 133 
atl(!0^; *025 at 15®. 

Pormation.--Bj the hydrolytic action of 
alkalis on glycocholio and taurooholio acids, 
which occur in the bile (Domar^ay, A. Ch. [2] 
67, 17X; Theyer a. SchlOsser, A. 48, 77; 60, 
235; Strecker, A. 65, 9; 67,1; 70,161,166). 

Preparation. —Glycocholio acid (50 grms.) is 
boiled for 16 hours with water (6 litres) and 
baryta (200 grms.). The liquid is filtered hot 
and, when cold, HOI added. A sandy pp. of 
cholic acid falls. Orystallised from alcohol. 
The yield is 80 p.o. (Hartmann, /. pr. [ 2 ] 19, 
307; cf. Tappeiner, A. 194, 213). ^ 

Properties —Crystallises from hot water in 
anhydrous microscopic crystals, from cold solu¬ 
tions, e.g. very dilute acetic acid, in trimetric 
tables (containing aq). The acid combines with 
methyl-, ethyl-, propyl-, and ethylene-alcohols 
and with mustard oils, but not with acetone. 
The hydrated and anhydrous acid and its 
various alcoholates all crystallise in the tri¬ 
metric system, the axis-ratio a:c remains con¬ 
stant whilst b:c varies in the different alcoho¬ 
lates. Gives a blood-red colour with cane sugar 
and H 2 SO 4 (Pettenkofer^s test, v. Btut). 

Reactions.—l. By gentle oxidation with 
acetic acid and Cr(5, it yields dehydrocholio 
acid CaJIjiOj, probably C^H„(CO)(CHO)jCO^II; 
by more vigorous oxidation with KjCrj, 0 , and 
H^SO^, bilianio acid C 24 HJ 4 O 8 is formed (but no 
oholanic acid) [cf. Destrem, 0. B. 87,860; GlSve, 
C. R. 91, 1073).—2. By putrefactive fermenta- 
tion it is reduced to desoxycholio acid C 24 H,oO,. 
The latter acid probably accompanies cholic 
and choloic acids in saponified ox-gall.— 8 . Gom- 
bines with iodine and HI or other metallic 
iodides to form unstable blue compounds 
(A'H) 4 MIj which greatly resemble iodide of 
starch in properties.—(A'H) ,HIj xaq; formed by 
adding iodine and HI to an alcohoUo solution of 
cholic acid.—(A'H) 4 KIja:aq: formed by adding 
iodine and SI to an alcoholic solution of cholic 
acid. Small bronzy needles, which suspended 
in water form an indigo-blue liquid. Beadily 
decomposed into its constituents by beat, f reat 
dilution with water,alkalis, Ac.—(A'^H)^BaI,o.'raq: 
like the preceding compounds (Mylius, B. 20, 
683). • 

Idono-acetyl derivative G,*Hm(OAc) 04 S 
formed by passing HCl gas throngh an acetic 
acid solution of cholic acid. Amorphous powder. 
V. e. sol. alcohol, ether, bepzone, Ac. 

Di-acetyl derivative C24H,b(OAo) 20,: 
formed by allowing cholJb acid to stand with 
cold acetic anhydride till it dissolves. White 
granular crystalline powder. V. sol. alcohol, 
ther, benzene, Ac., insol. water. Bitter taste, 
ts Ba salt is insol. water (Latschinoff, Bl. [2] 
33, 297; B. 18,30^; 20,1043 ; Mylius, B. I 9 , 
869, 2000;* 20, 19TO). Schotten [H. 11, 268) 
denies the existence of acetyl derivatives of 
cholic acid. 

Amide O 34 H 8 BO 4 .NHJ. Formed by heating 
the acid with alcoholic NH, at 250®. Small 
crystals, (containing 8 aq). 81. sol. water. The 
hydrated compound melts at [125°-180®]. The 
anhydrous compound melts slowly from [130®- 
140®], again solidifies at about 180® to a colour¬ 
less crystalline mass, which again melts at 
[ 0 . 228®); if this orystalline mass is orystallised 
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from alcohol, nothing ia obtained bat the oidi- 
nary amide. 

J)i-mithyl-amid» 0„^0,.NMer [171°]. 
Formed by beating the aoid vith aqneone di- 
methylamine at 250°. 

Anhydridet. —^By heating ohoUc acij under 
various conditions mixtures ol various anhy¬ 
drides have been obtained, none of which have 
been isolated in a pure state (Mylius, B. 20, 
1968). 

Ethyl ether Os,H*,EtOj. [147°]. 

Preparation. —Cholic acid (20 pts.) is dis¬ 
solved m dilate (90 p.o.) alcohol (140 pts.) and 
the sola{ion saturated, in the cold, with dry 
HOI. An equal volume ol alcohol is at once 
added and every 100 o.c. ol the liquid poured in 
a thin stream into a litre ol water. Alter a lew 
days, needles ol the ether appear (Tappeiner; 
Hartmann). 

DehydrochoUc acid probably 

0»H,^CO)(CHO),CO.H. [232°] (M.). [228° un- 
cor.] (L.). Formed by slowly jdding a 10 p.c. 
solution ol OrO| (9 pts.) in acetic acid, to a 10 p.c. 
solution ol cholic acid (10 pts.) in acetic acid. 
Anhydrous needles. By lurther oxidation with 
K,Or,0, and H,SO, it is converted into bilianio 
aoid OiiHitO, t.«. 0,,H,.(00)j(00jH),. It does 
not give Pettenkoler’s bile reaction. 

Tri-oxim Os,H„(NOH),0,; formed by the 
action ol a cold eolation ol hydroxylamine upon 
sodinm dehydrocholate. Colourless microscopic 
tables. SI. sol. hot alcohol, nearly insol. water 
and ether. Stable in alkaline solution, but 
resolv^ into its components by acids (Latschi- 
nofl, B. 18, 8046; Mylius, B. 19, 2005; 20, 

mi). 

Phenyl - mercaptide C„H„0,(SC.n,)2: 
[O. 220°]; colourless glistening needles; si. sol. 
water. Formed by passing HCl through a cold 
salntion ol the aoid in phenyl-mercaptan. The 
sodium salt lorms One needles, insol. water. 

Phenyl-mercaptide-phenyl-hydraeide 
0^„(SC.H,),ra,HC,H,),COyH I Beparates in 
oolourlesB neeales on warming an acetio acid 
Bolntion of the phenyl-mercaptide with phenyl- 
hydj^ine (Mylins, B. 20,1979). 

Besozy•cholic acid (probably identical with 
tha so-called * hydrated choleic add'' of Latschi* 
noff) 0 «H^O 4 {Me) or (L.). [135°- 

140^ (L.); [160°-170°] (M.). Large dimetrio 
crystals, 1:1:2*4828 (L.). White needles, 

V. sol. alcohol, si. sol. acetic aoid (M.). Occurs, 
together with cholio and choleic acids, in sapo* 
wifiaH oz*gaU (li.). Formed by putrefactive 
fermentation of cholih acid (M.). According to 
Ii. it is formed in small quantity by boiling 
oholeio aoid with acetic acid, bat M. was unable 
to effect this conversion. By gentle oxidatio% 
with CrOt and acetic acid it is converted into 
dehydiMholeio acid; by mo|^ vigorous oxidation 
with tLCtfi, and H^SOg into cholanlc acid (L.) 
(Latschinofl, B. 18,3041; 20,1043; MyUus, B. 
19,878^? 20, 1968). 

^ The observations marked ^.) refer to Lat> 
sdhinoff’s hydrated choleic acid, 4hose marked 
(M.) relate to desoxyoholio aoid of Mylius. 

CHOLIHE V. Nbubxkx. 

CEOLOlBAKlC ACID 

0»HuO(CO^), (?). Cholecamphoric add, 8. 
•016 at 18®t *18 at 100°. [ajn 67° 66'. Formed, 
together with paeudo-ohololdaoio acid, by boil* 


ing oholanic aoid (1 g.) with HNOg (80 c.e. of 
8 .G. 1*28) for several hours. Formed also by 
the action of HNO, on bile ^heyer a. SchlSsser, 
A. 60, 243) or Iholic aoid (Be^tcnbacher, A. 57, 
145; Tappeiner, A. 194, 239; Oldve, 91. [2] 88 , 
135). • 

SaltsA’Ags 4aq: gelatinous pp.—A^jPb,: 
amorphous pp.—A'’ 2 Ba 5 20 aq: thick prismatic 
crystals, S. (at 18°) about 20 (Latsohinoff, B» 
13,1052; 19,1621). 

Pssu^'Cholpldanic acid 05 oH,, 02 ,(?). Formed, 
together with choloidanio acid^ by boiling cho« 
lanio acid (1 g.) with HNOg (30 c.o. of S.G. 1*28) 
for several hours. Microscopic needles. 

Salts. — A’'“'H 4 Ba 2 20aq:« fiat needles.— 
A^‘“Agg: amorphous pp. 

Ethyl derivative Cy,H 2 o(C 2 H 5 ) 402 ,: [247°]. 
Obtained by the action of EtI upon the lead 
salt. Needles. V. sol. alcohol, less in ether.— 
CjoHegEt^OjiBaa 2 aq: prisms. • 

Methyl derivative •‘C 4 oH,o(CH,)* 02 il 
[194°-196°]; needles. * 

Neutral methyl ether 05 uH^B(CH 3 )a 0 . 2 ,: 
[128°]. Obtained by the action of ethyl iodide 
upon the silver salt. Fiat needles (from alcohol) 
(Latschinoff, B. 19,1521; cf. C14ve, Bl. [2] 38, 
135). 

CHONDBIN V. Protzids, appendix C. 

CHBOMATES, Salts of Chromic Acid; v 
CEttomvM, Aoins of, p. 154. 

CHEOME AlUM 

Cr 23 S 04 .K 5 [or^H 4 ).JS 0 ,. 24 H 20 v. Alums, also 
Sulphates of Chromium under Sulphatbs. 

CHBOMIC AGIB H^OrOg; v. Chbomium, 
Acms of, p. 164. _ 

CHEOMIC AKHYBEIBE CrO«; v. Chromium, 
OXIDES of, p. 164. 

CHROMITES, Salts of the form MO.OrjO,; 
V. Chromium, acids or, p. 158. 

CHKOMIITM Cr. At.* w. 52-45. Mol. w. 
unknown. [Above M. P. of Pt which is about 
2500°] (Deville, A.Ch. [3] 46,182). S.G. 6*5-|>-8 
(Wdhler, A. 11b, 230 ; Loughlin, Am. S. [2] 
45, 131; Eammelsberg, Handbuch d. hrystah 
log. u. physikal. Che7nie, part 1 [1881]). S.H. 
(22°-50°) *0998 (uncertain) (Kopp, T. 165, 71). 
S.V.S. about 7*8. 

Occurrence. —Never free : chiefly as oxide in 
combination with FeO as chrome-ironstone, 
FeO.CrjOq, with Cr^O, more or less replaced by 
Fft^O, and Al.^Og, and FeO by MgO. Also as basic 
chromate of lead, as chromic oxide, <&o. The 
ores of Cr are not very widely distributed. Chro¬ 
mium was discovered by Vauquelin in 1797; 
the name was give^ (x/iu/ia) because of thenum* 
ber of gompyiunds of different colours obtained 
from the metal. « 

Preparation. —Chrome ironstone is separated 
from gangue, ^ely powdered, washed, mixed 
with GaO and EUO, ^ied at 160°, and heated 
to bright redness in contact with tir, the mass 
being constantly stirred; after cooling, the 
EjGrO, formed is dissolved out in a little warm 
EjO, enough cone. HjSOj to convert all the 
KjCrO^ into KjCTjO, <s added, and the EjCrjO, 
which separates is re-crystallise^g^rom hot H^O. 
The E^CrjO, is heated with S,^or starch, or 
NH 4 CI, and the product washed with H^O, ia 
which the CrjO, formed remains undissolved 
{v. Chromic oxids, p. 164). Gr^Oi is then mixed 
with rather less charoou than » theoretically 
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f«qtiired tor eomplote r8daotion»&iid heated to a 
tery high temperatare in a lime oruoible. Or, 
0r,0| is mixed with charcoal, and heated in 01 
whereby GrOl, is obthinedf the GrClt is 
then healed to bright redness, and H carrying 
vdth it Na aapoor is passed over it; monometrio 
crystals of Gr are thus obtained (Fremy, 0. B. 
44, 632). Wohler {A. Ill, 230) mixes 1 part 
violet CrCl, with 2 parts of a fused and powdered 
mixture of 7 parts KaGl and 9 parts EGl, presses 
the mixture firmly into a crucible, and places 
2 parts granulated Zn over it, and more NaCl 
and KGl over this again; he gradually heats 
until the mass is melted. As soon as the Zn boils, 
and the flamS of burning Zn is seen on removing 
the oruoible, the temperature is decreased, and 
the mass is kept just melted for 10 minutes. 
The whole is then allowed to cool, the crucible 
being shaken once or twice; the crucible is 
br^en, the zinc regulus dissolved in dilute 
HNOnAq, the met^lio Cr then boiled onfte with 
HNOjAq, washed; and dried. Zettnow prepares 
CrCI, solution by reducing K^^CrjO, in HClAq by 
CaH^O, adds KCl, evaporates to dryness, and re¬ 
duces by Zn as already described (P. 143,477). 
According to Bunsen (P. 91, 619) Cr may be ob¬ 
tained in lustrous plates by electrolysing an acid 
solution of CrClj containing CrCl,. Vincent 
(P. M. [4] 24, 328) «nd Boussin (/. Ph. [4] 8, 
413) form an amalgam of Cr, by acting on solu¬ 
tion of a chromic salt by Na amalgam, and heat 
this in H or vapour of rock-oil. 

Properties. —Descriptions of properties of Or 
vary considerably. The metal obtained by re¬ 
ducing CrClj by Na vapour, or by reducing 
Cr^Og by C, is described (Fremy, C. B. 44, 032) 
as unchanged by heating in air, in aqtia regia ot 
HFAq, or by fusing with KOH or KNOg. The 
metal obtained by electrolysis (Bunsen, P. 91, 
619), or by reducing tlrCl, by Zn (Wdhler, A, 
111, 230), is oxidised by molten KNO, or KOlOg, 
an4 is dissolved in hot dilute HOlAq or HgSO^Aq. 
Berzelius (A. 49, 247) supposed >hat Cr existed in ' 
two distinct forms. The metal insoluble in aqua 
regia probably contained Si derived from the 
vessels. According to Bunsen and Wohler, Gris 
a greyish-white powder, consisting of small, lus¬ 
trous, very hard, brittle, rhombohedral crystals 
(dimetric ootahedra, Bolley, 0. J, 13, 333); only 
superficially oxidised, unless in very fine powder, 
by heating in air; slowly oxidised by heating 
to redness in steam; burns brightly when heated 
in an alcohol fiame fed with 0; oxidised by 
molten KCIO, or KNO„ but not by molten 
NOjCOg; dilute HClAq, or hqj dilute H^SO^Aq, 
dissolves it readily with evolution of jS; e#arcely 
acted on by hot oono. HVO,Aq; bums in Cl gas 
forming violet CrCl,. Or is less fusible than Pt 
(Deville, A. <9h. 46,182). It it not magnetic 

(Wdhler, A. Ill, 230); slightly magnetic (Fara- 
uay). • 

The atomic weight of Cr has been determined 
(1) by analysing and determining V.D. of CrOgCl, 
and CrClg; (2) by measuring tiie B.H. of Cr; 
(3) by analyses, and oompaJison with other analo¬ 
gous oompoundi, of CrCl, (P61igot, A. Ch, [3] 12, 
630); AggCrO^ \ad Ag,Cr,0, (Berlin, A. 66,207); 
Cr,(NH,),(SO,),.24HgO (Moberg, J.pr. 43.114); 
OrOl, (Siewert, J. 1861. 241); by synthesis of 
BaCrO, from BaOl, (Wildenstein, /. w. 69, 27); 
by oxidising FeO^Aq by K,OrsO, ana by KC10„ 


and by oxidising As^OgAq by EgCr^O, (Kessler, 
P. 95,210); (4) by comparing ^romates with 
isomorphons manganates and tellurates. The 
atom of Cr is trivalent in the gaseous molecule 
CrClg (Scott, Pr. E. 14,410) (v. Cubouium hexx- 
rLUOBisa, under Ghromiuu, rLUORiois or, p. 162). 

Chromium is both metallic and non-me- 
tallio; Cr replaces the H of most acids form¬ 
ing two series of salts, the simplest formula for 
which are CrX, and CrX„ respectively, where 

X- ca, &o., NO, <So.; th« 

2 o 

ohromous salts, OrX,, are very unstable, and are 
easily oxidised to ohromio salts, CrXj. Many 
basic ohromio salts are known. The oxide CrgO, 
is basic towards acids, and at the same time ex¬ 
hibits feebly acidic properties; OrO, seems to be 
a neutral oxide Und not to form salts either by 
the action of acids or alkalis; CiO, is distinctly 
an anhydride. CrO,Aq behaves as a dibasic acid, 
forming a series of salts M^CrO,, the acid HgCrO, 
has also been (^tained. Although no salts of 
the form MHCrO^ are known as definite solids, 
yet the thermal reactions of CrO,Aq point to the 
formation of these salts; thus {Th. 1, 254) 

» [CrO^Aq, n NaOHAq] 

1 18,134 

2 24,720 

4 26,164. 

By the action of acids on M^CrO,, diohromates, 
MjCr^O,, are formed: a few tri- and tetra- chro¬ 
mates, MaCr,0,o and M,Cr^O,„ are known. CrO, 
also reacts with strong acids to form ohromio 
salts and 0; it combines directly with a few an¬ 
hydrides, e.g, with SO,. Chromic oxide, Cr,0„ 
reacts towards acids as a salt-forming oxide, but 
at the same time it combines with some of the 
more positive metallic oxides, e.g. with CaO, 
MnO, ZaO. Several hydroxides of Cr, or perhaps 
rather hydrated oxides, ore known, derived from 
the oxide Cr,0„ and the lower oxide CrO which 
has not itself been obtained free from Cr^O,; 
j these hydrates are salt-forming in their reactions 
I with acids. The pps. produced by adding 
! KOHAq or NaOHAq to solutions of chromic 
I salts always contain potash or soda which can¬ 
not be removed by washing with hot water. 
CfaS, exhibits slight salt-forming properties in 
its reactions towards sulphides of more positive 
metals; no hydrosulphide of Cr is known. Chro¬ 
mium Is closely related to Mo, W, and U; less 
closely to S, Se, and Te; it also shows distinct 
relations to Al, Mn, and Fe (v. CHROMirsa; 
Chbomicm oboup OF BLBM^TS *, also Chbomium, 
slojTB of ; Chbouates ; and the arts, on Hvdbox* 
IDES, Oxides, Chloeidbs, <feo. of CnaoMroM). 

» Beactiona.—!. Decomposes steam &t bright 
red heat.—2. Dissolves in hydrochloric and swl« 
hurio ocidA, formirig salts and H.—8. Oxidised 
y molten * potassium nitrate or chl^ate.—^. 
Bums when heated in chlortne, forming CrCl,. 
6 . Is oxidised by strongly heating in oxygen.— 
Forms CrN by heating in nitrogen^ and Cr,S, by 
heating with mlphur. 

Oombinations.—Moat oi the compounds of Cr 
are obtained directly or indirectly from the oxides. 
The metal combines directly with 01, N, 0, and 
S. Compounds of Cr with each of the non- 
metals, except H, B, Si, and Te, are known; 
alloya with Al, Fe, and have been prepared 
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(r. the y&riona binary oompounds of Cr, also 
OuROMnm, AiiLors or). 

EstimaUon .—Chromium may be estimated 
in the form of oxide 0 r, 0 „ after ppn. by 
KH,Aq from a warm solution. Chromates are 
usually estimated aa BaCrO,, or they juay be 
ppd. by HgHO,Aq, and the Hg^CrOf heated 
until only GrjOg remains; or the ohromato may 
be reduced^ by alcohol, to a chromic salt, and 
the Or determined by ppn. with NH,Aq Ac. Cr 
may be separated from many heavy metals by 
ppg. these metals as sulphides, by H^S ; Ba and 
Sr are best separated by ppn. \nth H^SO^Aq; 
separati^ from Ca, Mg, and Fe, is effected by 
ppg. Cr^OjUrHjO by NHsAq, collecting, drying, 
and fusing with ENOg and KjCO, until all the ; 
Cr exists as KjCrO^, dissolving in water and 
ppg. as HgjCrO, or BaCrO^. If* alumina is pre¬ 
sent, it is ppd. from the solution containing 
EjOrO^ by digesting with ammonium carbonate. 
Cr^Oga^HgO is ppd. by digesting solutions of 
chromic salts wi^ excess of BaCO,; under the 
same conditions salts of Ni, Co,^n, and Zn, are 
not ppd. 

Chrozuium, acids of, and their salts (comp, 
arts. Aoins; Acids, basicity of; Hydkuxides). 
Chromic acid Et^CrO^ is said to have been ob¬ 
tained in definite form, by the action of Iip 
on the anhydride CrOj (v. infra, Chuouic acid). ! 
This acid forms a series of chromates, M,CrO<, | 
isomorphons with M^gSO^. R(Cr 04 Aq reacts as | 
a dibasic acid (v. infra, Obbomio acid) ; no ’ 
salts of the form MHCrO^, but only the salts 
MgOrO^, have been obtained by neutralising 
the acid by alkalis; when acids react with 
chromates of monovalent metals M-^CrO^, two | 
formula-weights of the chromate usually re -1 
act with one formula-weight of a dibasic acid | 
(e.p. H 2 SO 4 ), half of M is removed, and a di- , 
chromate, MgCr^O,—similar to the disulphates ! 
M. 2 S 2 O,—is produced. Several trichromates . 
M,Gr,0,„ and tetrachromates M 2 Gr 40 ,„ are also 
known; these salts are probably best regarded 
as derived from M^CrgO, and M,.Cr 04 , and from 
2 M 2 Cr 20 „ respectively, by the romoval of half 
the fbtol M and condensation of the residues. 
The following formulss express this view of 
the constitution of the di-, til-, and tetra-, 
chromates: • 

(1) Chromic acid, CrOj(OH)j; 

(2) Chromates, Cr 02 ( 0 M)j; 

i s) DUhromates, OM.CrO2.O.CrO2.0M; 

4j Trichromatea, 0 V,Cr 02 . 0 .Cr 02 , 0 .Cr 02 . 0 M; 

6 ) Tetrach/romates, 

OM,CrO*.O.CrO 2 .O. 0 rOyO.Cr 02 .OM. 

These various series of salts may also be regarded 
as direct compounds of metaUic oxide with GrO, 
(MjO.CrO,; M 20 . 20 r 0 ,; MgO.SOrO,; Ms0.4Cr0,^ 
Besides these salts, several basic chromates are 
known (t>. inha). Chromi^aoid, ^CrO^, being 
dibasic, ana forming M 2€^04 anarogous with 
M 2 SO 4 , is probably a dihydroxyl acid, CrOajOH).. 
If this is so we should expect that eaco Oil 
would be replaceable by Cl; the first compound 
thus produced, Gr0g.C1.0H, ought»to be a mono¬ 
basic acid (analogous with S0,.C1.0H); this 
compound is not itself known, but several 
salts derived from it have been prepared, e.g. 
CrOpCLOE (v. infra, under Ohromates). Fluo; 
bromo; and iodO’, ehromatee, Gr 02 .X. 0 M (where 
X a and M » alkali metal), aio also wwn. 


ACIDS OF. 

Salts of the hypothetical amido chromic acid 
(CrOj.NH 3 .OM) are known; and it is probable 
that nitro-denvatives of KjCrjO, and KjCr, 0 ,j, re¬ 
spectively, ha>4i been obtained^iz. CrjO 4 .NO 3 .OK 
and Cr, 08 .N 02 . 0 K (v. Potassium iwJvromate, 
under Bichromates). Cr^O, reacts t^ards acids 
as a salt-forming or positive oxi^; no acid 
corresponding to this oxide is known; the oxide 
is itself insoluble in HjO. Salts MO.CrjOj, 
where M»Zn, Mn, Fe, &c., have, however, been 
prepared, by fusing MO and Cr^Oj, with BjOj, Ac.; ^ 
these may be regarded as derivatives of the hypo¬ 
thetical chrotuoua acid H 2 Cr ..04 {v. Chromites, 
p. 158). The sulphide Cr^S,, corresponding 
to CrjO,, also reacts as a feebly* salt-forming 
compound towards more positive sulphides (v. 
Cheomium, thioaoid or, p. 168). 

Gheouio acid HjCr 04 . Said to be obtained 
as small red crystals by adding a little H.O to 
excess of pure CrOj, keeping the solution ^or 
some hours at 00 °, decanting and cooling to 0 ° 
(Moissan, A. Ch. [0] 6 , 568). But Miss Field has 
shown that the crystals thus obtained are CrO,; 
the solution, however, probably contains HjCr 04 
and HjCrjO, (0. 61, 406 [1892]). The 

thermal values of the reaction between NaOHAq 
and H 3 Cr 04 Aq show that this acid is dibasic; 
salts of the form MHCr 04 appear not to exist as 
solids; if enough alkali i^ added to saturate 
half the H 2 Cr 04 in solution, and the liquid is 
evaporated, the salt MjCr.jO, is obtained - pro¬ 
bably 2 MHCr 04 formed and decomposed to 
MjCrjOj and II^O. If HjCr 04 Aq is added to 
solution of MjCrO,, MjCrD, is obtained on 
evaporation. The thermal data {Th. 1 , 255) 
show ( 1 ) the dibasicity of the acid, and ( 2 ) the 
action of excess of acid on the normal salts: 
the corresponding data for H,S 04 Aq are given; 
addition of Hj 804 Aq to KjS 04 Aq pr^uces 
KHS 04 Aq- • 

n [nNaOHAq, CrO*Aq] ni [wtCrCAq, 2NaOHAq] 

1 13,154 ^ 12,.582 

2 24,720 , 1 24,720 

4 25,164 2 26,268 

n [nNaOHAq, SO*Aq] m [wSO’Aq, 2NaOHAq3 

1 14.754 J 16,689 

2 31,378 i 81,378 

4 81,368 2 29,508 

Chromates. {Di-, tri-, tetra-,chromates.) 
M.^CTO^or M"Cr 04 ; also basic and double salts. 
Chromates are mostly yellow or red; the salts 
of the alkali metals, and of Ca, Mg, and Sr, are 
e. sol. water, the others are generally insol. or 
si. sol. They are formed by the action of bases 
on H 2 Cr 04 Aq; by fusing Cr^Oj with alkali in 
presence of air;*or by double decomposition 
from the 'alkali saltj. Neutral MjCrO.Aq 
(M=salk^i metal) goes red on addition of a 
mineral acid from formation*of HjCrjOtAq, on 
adding alkali the yellow colour returns. Chro« 
mates are easily reduced to CTjO, ^ salts of this 
oxide; e.g. boiling HClAq produces Gr01,Aq, 
and chloride of the metal, HjS 04 Aq produces 
Cr. 43 S 04 Aq. Chromates of the less positive 
metals give CrjOj wh%u strongly heated; MjCrjO, 
(M~ alkali metal) give CrjO|, Q, and Mj 0 rO 4 « 
Insoluble ohromates yield alkali chromates by 
fusion with KOH or NaOH. Heated with NaCl 
and cone. HjS 04 , chromates give OrOsCl,. Solu¬ 
tions of ohromates have a metallio taste, and are 
poisonous. 
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Aluminium cJmmaU. — The basic salt 
Al,3Cr0,.2Al20,.21Hj0( = AlA.Cr 04 . 7 H, 0 ) is a 
fioccnlent yellow pp. obtained by addingKjCrO,Aq 
to alum solution,eor by evaporating A1A'®H,0 
in Cr 03 A^{Fairrie, C. J. 4, BOO; Mans, P. 11, 81; 
Elliot a. Sl»rer, P. Am. A. 6,192). 

Ammonium chromate. —(NH 4 ] 3 Cr 04 . Citron* 
yellow needles *, e. sol. water; gives of! NH, in 
airj on heating leaves CrA* Obtained by 
slowly adding CrOAa to excess of NH,Aq, and 
evaporating below 60®; alsiT by BaCrO, 

+ (NH,).,SO,Aq, and by CrO,Aq + NHjAq (Darly, 

4. 66, 2041) (i). Di-, Iri-, and Hexa-chromates). 
Barium chromate BaCrO,. Yellow, crys¬ 
talline powder; obtained by K^CrOiAq + BaClAq; 
8 .G. 8-9; also by fusing 1 pt. K,CrO, with 1 pt. 
Na,CrO, and 2 pts. BaClj, and cooling slowly; 

5. G. 4*6 (Bourgeois, Bl. [2] 31, 243). Insol. 
H.,Oi sol. HClAq, or HNO,Aq, end reppd. by 
NH,Aq. Decomposed by alkali carbonates and 
sulphates (Rose,^. 95, 426) (n. Bichromates). 

Beryllium chromate. —Basic salt 
BeCrO,.13Be0.23H,O; yellow pp., insol. H,0 
(Creuzburg, D. P. J. 163, 449). 

Bismuth chromates (Lowe, J.pr. 67, 288 a. 
463; Pearson, P. M. [4] 11, 201; Pattison Muir, 
C. J. [2] 16, 12; [2] 16, 24 a. 61.6). Normal 
chromate, Bi.,3CrO„ has not been prepared. 
The following b»ic salts are known: — 
2(Bi,3Cr0,).7Bi,0„ by ppg. Bi:)N 03 in small¬ 
est excess of HNOjAq by K. 3 CrO,Aq; 
2(Bi.3CrO,).BiA. by ppg. a more acid solu¬ 
tion of BiBNOj in HNO.Aq by K^CrO.Aq; 
(Bi33CrO,).2BiA. by boiling the preceding 
salt with dilute IINO,Aq or with alk.ali; 
3 (BL 3 CrO,).Bi 30 „ by prolonged heating 
2(Bi,3Cr0,).Bi,0, with dilute HNO,Aq; 
7 (Bi..3CrO,).2B'ijO„ by treating (Bi,8CrO,).2BiA 
6 r8t ’withconc.,thcn with dilute, HNO;|Aq. These 
salts are all yellow to red, heavy, crystalline 
powders; insol. water, and slowly decomposed 
byshot acids {v. also Bichromates). 

Cadmium chromate. —Basid salt 
CdCr 04 .Cd 0 .H ,0 I by reaction of CdSO^Aq with 
large excess of K 2 CrO,Aq (Freese, B. 2, 476; 
Sarzeau a, Malaguti, A. Ch. [3] 9,431). 

Calcium chromate CaCr0,.2H20; by dissolv¬ 
ing CaCO, in CrO.Aq and evaporating. Yellow 
prisms; S. (14®)-41; insoluble in alcohol; loses 
its 11,0 at 200° (Siewert, Z, /. i. g. Naturwiss. 
19,11) («. Dichrematea). 

Cerium chromate Ce(CrO,) 3 ; yellow powder, 
by dissolving Ce(CrO,), in CrO^ilsod evaporat¬ 
ing (Beringer, A. 42.143). 

Chromium chromate (Crj3CrO,).2Cr3(^. This 
name and composition js somotimeS assigned to 
CrOj (». CnBOStioM nioxina under Cbbomiom, 
oxinBS OF, ps 164!) , 

CobaXt chromates.—Basic cobaltous salt 
CoCrO,.C!oOj*Il,0 (Freese, B. 2, 476); 

CoCrO,.2Co0.4H,0 (Sarzeau a. Malaguti, A. Oh. 
[3] 9, 431). Clear red-brown pp. by 

Co 2 N 04 Aq + K,CrO,Aq. Cobaltic chromate 
Co.SCrO, is known in oembination with NH, 
and NH,Clu the salts (COjdCrOJ.lONH,, 

(Oo,8CrOJ.12!lH..bHA , .v , v 

Co,3CrOJ.2NH,.2NH,Cl, are desonbed by 
Braun (i. 126,168 a. 197), Gibbs a. Genth (4. 
104,160 a. 295), and Gibbs (B. 4, 790) (». also 
ChBOHIUU, iLHli0H10-SiX.T8 OF). 


Copper chromates .—Basic salts: 

CnCrO 4 . 2 CnO. 2 HA yellowish-brown pp., by 

K,CrO,Aq + OuS 04 Aq, and by 
CuSO,Aq + K,Cr,0,Aq and adding enough KOH 
to produce K. 4 Cr 04 Aq (Freese, P. 140,87; Rosen- 
feld, a 13, 1469). Loses its AO at 260° and 
takes it up again in moist air. Two salts, 
2 (CuCr 04 ). 6 Cu 0 . 6 H, 0 , and CuCrO 4 . 6 CuO. 6 AO, 
ore described by Rosenfeld (la:.); obtained by 
adding CuSO,Aq to K,Cr,0,Aq with excess of 
KOHAq. The salt CuCrO 4 . 2 CuO. 2 AO dissolves 
in NAAq at 0°; dark-green crystals of 
2 (CuCrO 4 )CuO. 10 NA- 2 AO separate (Sarzeau 
a. Malaguti, 4. Ch. [3] 9, 431; Viefhqus, J”. pr, 
88 , 431; Slater, J. pr. 60, 247) (». also Potas¬ 
sium chromate). 

Iron chromate .—Basic ferric salt 
(Fe,3CrO,).2FoA; brown pp. by K,Cr 04 Aq 
acting on iron-alum solution; decomposed by 
AO to FoA and CrO,Aq. An acid salt, 
Fe 53 Cr 04 .Cr 0 „ is said to be formed by digesting 
CrOjAq with FfAA, “nd evaporating (Klet- 
zinsky, D. P. J. 207, 83; Elliot a. Storor, P. 
Am. A. 5,192). 

Lead chromate PbCrO,. Occurs native as 
red-lead ore, in yellow, translucent, monoclinic 
prisms, S.G. 6-2 to 6-1. Obtained as yellow pp. 
by K,,CrO,Aq or ACr.jO,Aq acting on neutral so¬ 
lution of a Fb salt; also in crystals by strongly 
heating ACrO, with PbCl,, S.G. of crystals 612 
(Manross, 4. 82, 348; Drevormann, 4. 87,12m. 
S.H. -09 (Kopp, 4. Suppl. 3,1). Insol. in AO. 
sol. in HNOjAq or KOHAq; molts without change, 
but at higher temperature gives 0 , Cr-P,, and a 
basic salt (PbCrO,.PbO). Acts as an oxidiser, 
hence used in organic analysis (t>. Vohl, 4. 106, 


127 ). , , 

Basic salt PbCrO,.rbO; red crystals, ob¬ 
tained by throwing PbCrO, in small quantities 
into molten KNO„ cooling somewhat, pouring off 
still liquid part, and quickly washing residue with 
AO; also by digesting PbCrO, with cold KOHAq, 
or with hot K.CrOjAq. Insol. in AO; sol. in 
KOHAq; acids withdraw PbO (W6hler a. Liebig, 
P. 21, 680). Another basic salt, 2(PbCrOdPbO, 
occurs native as Melanochrofite, and is saiuio be 
formed by diffusing K,CtO,Aq and Pb2NO,Aq 
(Drevormann, 4. 87,120). Lead chromates are 
used as pigments. * ^ ^ 

Lithium chromate Iji 3 Cr 04 .A®l trime- 
trlo crystals, easily sol. in A®- A double salt, 
Li.NH,.CrO,.2AO, is obtained by saturating 
Li,CrjO,Aq with NAAq (Rammelsberg, B. B. 
1865. 629) (». Bichromates). 

MagneAum chromate lHgCrO 4 . 7 H.p- Citrom 
yellow soluble crystals; isomorphous with 
MgSO,.7Hp; S.G. 1-66-1-76; by dissolving MgO 
jn CAM evaporating (Kopp, 4. 42,100; 
GraQioh, W. B. 27,174). 

The double BaltuMgOrO,.NH,CrO,6HP otys- 
tallises fr8m a solution of its constituents; 
yellow monoclinic crystals, isomorphous with 
jorresponding double sulphates (Graihch, l,c.), 

s. also Pofosstum cAromote. 

Manganeeechromate. —Basic manganous salt; 
MnCrO,.Mu0.2Hp, brown pp. by reaction of 
boiling MnSO,Aq and AC'0,Aq (Fairrie, 0. /. 
1,800; Freese, P. 140, 87; Waiington, P. M. 
[31 21,880; Beinsch, P. 86,97). 

Mercury chromates.—Mercurous onromats 
HgiOtO,; ted crystalline powder; by reaction of 
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lgNO,Aq &nd K,tSTO,Aq ot E, 0 t, 0^4 (H. Bose, 
P. 58, W4; Fie^, Z. ^2] 6,80). Deoomposed 
by heat to Eg, 0, and Cr,0, parly, i. 66 , 204 ; 
Freese, P. 140, 87). By action ot alkalis a black 
basic salt, Hg, 0 r 04 . 2 Hg, 0 , is obtained (Bichtor, 
B. 16,1489). r 

Mercntic chromate HgOrO,! dark, garnet-red, 
trimetric prisma; obtained by evaporating equal 
parts ol yellow HgO and CrO, in H,0. Decom¬ 
posed by H,0 to CrO,Aq and HgCrO,.2HgO. 
Decomposed by acids (Oenther, A. IOC, 247; 
Millon, A. Ch. [ 8 ] 18, B66). 

The basic e^t HgCr 04 . 2 HgO is a brick-red 
powder, obtained by boiling HgO with K. 4 CrO,Aq, 
or by reaction ot Hg2NO,Aq and KjOrjOtAq 
(Millon, A, Oh. [ 8 ] 18, 866 ; Freese, Z. [ 2 ] C, 

io). 

A double salt 9 (HgCr 04 ).HgS ^s obtained by 
digesting freshly ppd. HjgS with solution of 
freshly ppd. HgO in OrO^Aq.and drying at 30'’; 
easily explodes when robbed {Pahn, J. 1862. 
231) (v. also Amnumitim dtehromate). 

mckel chromate ,—Basic salt* 
NiCrO 4 . 2 NiO. 6 HjO; brown pp. by reaction be¬ 
tween NiSOjAq and BjCrOiAq- Loses its H,0 
above 800“ (Freese, P. 140, 87). Other basic 
nickel chromates are described by Schmidt {A. 
166,19), A double compound, NiCr 04 . 6 NH„ is 
obtained in yellow dichroic crystals by addition 
ot idoohol to a solution ol the basic salt in pre¬ 
sence of NHjAq; the crystals lose NH, in the 
air (Sohmidt, t.o.). 

Potaeeium chromate KjCrO,. S.G. - 2'71. 
8.H. -189 (Kopp, A. Suppl. 8,1). C.E. (0“-I00“) 
•01184 (Joule a. Playfair, C.J. 1,121; Sohiif, A. 
107, 64). S. (0“) 68-9; (20“) 62-94; (60“) 7102; 
(I00“) 79-1: Miling-point ol saturated solution 
-104-2“ (Michel a. Kraft, ,4. Ch. [3] 41,471; 
Bohift, A. 108, 826; v. Hauer, J.pr. 103, 111). 
Freezing-point ol saturated solution = -12-5“ 
(Badorff, P. 122,887). S.G. 1!^ 38-44 p.c. solu¬ 
tion—1*8787; 17-09 p-c. solution-1-1476; 8-64 
p. 0 . solution -1-0708 ; 4-27 p.c. solution -1-0349 
(Michel a. Kraft, A. Ch. [3] 41,417; Alluard, 
O.Ps69, 600). 

Prs^rafion.—1. By heating 6 parts KjCr.O, 
with 4 parts KNO, or KjCO, until the whole fuses 

J aietly, dissolviitg in water, and crystallising.— 

. By neutralising K,CrjOjAq with KjCO,, eva¬ 
porating and orystallieing.— 8 . By fusing Cr..O, 
wi^h K,CO, and KNO„ dissolving in water and 
cryttsdusing.—4. By fusing chrome-ironstone 
with KjCO, and CaOjH,, lixiviating with HjO, 
boiling down, and oryitfalliBing. 

Properttss.—^Fale lemon-yellow, doable six- 
sided trimetric pyramids; isomorphous with 
KjSOr Melts wiuont change. Insol. alcohol. 
Solution in H,0 is alkaline, with metallic taste,' 
and is poisonous; on evaporation, this solution 
gives cryst^ ot K,Cr,0„ And mother liquor 
gives crystals ol K,CK),. 

Beaelione.—l. Acide, even 00,Aq, produce 
KjCr,0, (Schweitzer, N. B. P. 8 , 212; Margue- 
ritte, J. pr. 64, 602; Mohr, FV. 1872. 278).-2. 
Beduced by H,S or KjSAq, with formation of 
CtiOrxHjO, and by SO,Aq with production of 
Ot, 8 SO,Aq.— 8 . With HCl gas, KOI, H^O, and 
KjCr-O, are formed, and then the ^Cr^O, is re¬ 
duced to 001 , and Cr^ (Thomas, 0. J. 83,871). 
OombmaHonio-^le Wiw Tarious chromatet to 


form double salts. K,Cr 04 .(NH 4 ) 2 Cr 04 crystal* 
Uses from oouo. Kfix.fi,kq saturated with NH, 
(Berthier, id. Ck fsj 7, 77; Johnson, J. pr. 62, 
261). KfitO^0&CTO^.2Ufi crystallises from 
KjCrjOjAq neutralised hy OaOafijAq. ^ 

]^ 0 r 04 . 6 CaCr 04 obtained by slo^ evapora¬ 
ting a mixture of GaCljAq and KjCrO^Aq (Bahr, 
J. pr. 60, 60; Duncan, J. pr. 50, 54; Bammels- 
borg, P. 08, 507). K 2 CrO 4 . 2 CuCrO 4 .CuO. 2 H 3 O, 
obtained by reaction between cold GuS 04 Aq and 
KjCrOgAq, or by adding KOHAq to mixture of 
K 2 Cr 20 ,Aq and CuS 04 Aq (J’reeae, P. 140, 87). 
K 2 Cr 04 .Fe, 3 Cr 04 . 4 H 30 , by reaction between 
cono. FejClgAq and K 2 Cr 04 Aq, dissolving 
pp. in HClAq, cooling, and washing rapidly 
with cold HjO (Hengson, B. f2, 1800 a. 1656). 
K 2 CrO 4 .MgCrO 4 . 2 H 2 O; by evaporating cone. 
KjCr^OyAq after neutralising by MgO or MgCO, 
(Hauer,/. pr. 80, 222; Schweitzer, il. 64,276). 
KXrO 4 . 2 ZaCrO 4 . 2 ZnO. 3 H 2 O; by prolonged action 
of cold ZnS 04 Aq on excess of K 2 Cr 04 Aq (Freeft, 
B. 2, 476; Prussen a. Philippoaa, A. 149, 92).— 
2. With mercuric chloride and cyanide, to form 
K 2 Cr 04 . 2 HgCl 2 . and 2 K 3 Cr 04 . 8 Hg(CN) 2 , respec¬ 
tively (Darly, A. 65, 204; Bammelsberg, A. 28, 
217; 84, 281) (v. also Di-, Tri-, and Tetra- 
chromates; also Bromo-, Chloro-, Flue*, lodo-, 
Chromates). 

Rubidium chromate BbXr 04 . Yellow tri- 
metrio crystals, isomorphous with K 2 Cr 04 and 
K 2 SO 4 (Piccard, <7. pr. 86,449; Grandeau,,d. Ch. 
[3] 67, 155). 

Silver chromate Ag^CrOg. Dark-red crys¬ 
tals; by reaction between K^CrOgAqandAgNOgAq, 
or by digesting moist Ag.^0 with KjCrOgAq. 
Insol. H^O; sol. acids, NH^Aq, and alkali chrom¬ 
ates ; KOHAq withdraws all CrO,. Under HjO 
is slowly reduced by Zn, Cd, Sn, Ac. (Fi^ese, P. 
140, 87; Fischer, P. 8 , 488). Combines with 
NH, to form Ag,Cr 04 . 4 NHf; produced in yellow 
crystals, isomorphous with corresponding sul¬ 
phate and selenate, by dissolving Ag 2 Cr 04 in hot 
NHgAq and crystallising (Mitsoherlich, P. t2, 
141; Wdliler a. itantenberg, A. 114,119). 

Sodium chromate Na 2 CrO 4 . 10 HX; yellow, 
deliquescent crystals, isomorphous with 
Na 2 SO 4 . 10 H 2 O. Prepared similarly to K 2 Cr 04 
(Johnson, J. pr. 62, 261; Kopp, A. 42,100) (v. 
also Blohromates). 

Thallium chromate TljCrO,. Yellow pp. 
obtained by reaction between K-^CrOgAq and 
neutral solution of a thallous salt (Carstanjen, 
pr. 102, 65 a. 129; Hebberling, A. 134,11; 
Strecker, A. 135, 207: Crookes, C. N. 8 , 256) 
(v. also Di*, and Tri-chromates). 

Thorium chrofnate Th 30 r 04 . 8 H 30 ; crys¬ 
tallises ^oy ^/aporating a solution of 1 ^ 0 , in 
CrOjAq (Ohydenius, P. 1*19,43). 

Zinc chromates. —Various * bas (0 salts are 
obtained by tHe reactions between ZnS 04 Aq 
and K^CrOgAq: the most marked seems to be 
ZnCrO 4 .ZnO. 2 H 2 O (Sarzeau a. Malaguti, A. Ch. 
[3] 9, 481; Thomson, P. M. 8 , 81; Priissen a. 
Philippona, A. 149, 92). By dissolving this 
salt in a little NH,^q, and adding alcohol, 
ZnCr 04 . 4 NH,. 8 H 20 is obtained (Sarzeau a. 
Malaguti, l.c .; Bieler, A. 161, f 28) (v. also 
Potassium chromate). 

Chromates of In (Meyer, A. 150, 137); Mo; 
Sr; Sn (Leykauf, J. pr. 19, 127); U; and Yb 
(Popp, A, 181, 179) seem to exist, but very 
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little is known concerning them, nor have their 
compositions been satisfactorily determined. 

Fine*, Bromo*, ChIoro<, and lodo-ohromates • 
also Amido-ohromates (v. supra bf^nning of this 
art., p. Silts derived from the hypo¬ 

thetical aoms, fluochrcmic Cr 02 .F. 0 H, hromo- 
chromic CfDyBr.OH, «S:o., and amidochromic 
CrO 2 .NHj.OH. These acids are not themselves 
known. 

Potassium fiuochromate CrOjJ'.OK. Buby 
red, semitransparent, crystals; efflorescent in 
air; m^ts when heated; aotsonjlasa. Prepared 
by heating powdered i^GrjO, in a Pt dish with 
excess of oonc. HFAq (Strong, A. 129, 225; 
Heintze, j?r. [2] 4, 225; Varenne, C. R. 89, 
368; 91,889), * 

Potassium hromochromato CrOj^r.OK. 
Dark-brown crystals; gives op Br in an exsicca¬ 
tor ; decomposed by HjO. Obtained by satura¬ 
ting cone. KjCrjOjAq with fuming HBrAq, and 
ci^stallising from EBrAq (Heintze, J.pr. [2] 4, 
225). • 

Potassium chlorochromate CrO 2 .Cl.OK. Ob¬ 
tained by heating for a short time 8 parts 
R^CrjOj with 4 parts cone. HClAq and a little 
H..O, and cooling; or by adding CrOjClj to 
KClAq, or to KjCrO^Aq slightly acidified with 
acetic acid: 

KjCrjO, + 2HCIAa = 2 CrO 2 .Cl.OK - 1 - H 20 Aq; 
CrOjClj + KClAq + HjO = OrO 2 .Cl.OK + 2HC1 Aq; 

CrOjCl, + K,CrO*Aq = 2 CrO 2 .Cl.OK - 1 - Aq 
(P61igot, A. Ch. 52, 267; Geuther, A. 106, 240)- 
This salt is also produced, along with Cr^O,, 
when violet CrClj reacts with molten KjCr.p, 
(Geuther, A. 118, 68 ). Large red prisms; 
S.G.^ 2*497; C.E. (0''-100°) *0159 (Playfair a. 
Joule, C. J. 1, 121). May be crystallised un¬ 
changed from HjO containing a little acid; 
crystals of KjCraO, f^parate from an aqueous 
solution. Cl is evolved at 100®. Decomposed 
by cono. HjSO^ with formation of CrOjClj and 
Ci^aClj (g. V.); with NOj gives NOjCl (Heintze, 
J. pr. [2] 4, 211). By reaton with oonc. 
KCNAq, CNCl is formed. By the action of dry 
NH 3 , salt having the composition KjCr,©^ 
( 7 CrO 2 .OK.CrO 2 .OK.CrO 2 ) is formed, along with 
KCl and NH,C1; if the chlorochromate is sus¬ 
pended in (C^HJ-jO and NH 3 is passed in, crys- 
tals of potassium amidochromate CrO 2 .NH. 2 . 0 K 
(g. V.) are formed (Heintze, J.pr, [2] 4,211). 

Chlorochromates of Na—CrO 2 .Cl.ONa. 2 H 2 O; 
of NH 4 —CrO 3 .Cl.ONH 4 ; of Ca, Sr, Ba, Mg, Ni, 
Co, and Zn—(Cr 02 .C 1 . 0 ) 2 M.irH 20 ; have also 
been prepared, by adding CrOjClj to fairly oonc. 
solution of the metallic caibonates in CrO,Aq. 
When M =» Mg, Ni, Co, or Zn, the salts crystallise 
with 9 H 3 O; when M»»Ca, with SHjO; when 
M » Sr, witK 4 H 3 O; and when M « Ba, with HjO 
(Pdligot, A.Vk. 52, 267; Prtetordis, A. 201,1). 

Potassium iodochromaU CrOj.I.OK. Ob¬ 
tained, as ganiet-red, easily decomposed, crystals, 
by gently heating cono. colourless HIAq with 
finely powdered K,Cr,0, (Guyot, C. R. 73, 46). 

Potassium amidochrwnaie CrO 2 .NH 2 .OK. 
Finely powdered CrOrCl.oK is slowly added to 
water and etlmr (free from alcohol), the liquid ia 
simultaneously saturated with NH,; after stand¬ 
ing 24 hours, the ether is poured off, the residue 
is gently warmed to get rid of adhering ether, and 
is then treated vf^ water; the liquid ia evapo- 
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rated at a low temperature, and allowed to eryr> 
tallise. The salt is recrystallised from HjO| 
and the crystals are dried at 100®. Garnet-red. 
unchanged by cold HjO, or cold NaOHAq; de¬ 
composed by H 3 O, or NaOHAq, at 100 , giving 
CrO 2 .OK.ONH 4 , and OrOj.OK.ONa, respectively; 
decomposed by nitrous acid to KjCrjO,, N, and 
H 2 O. CrOj.NHj.OK is changed by diy NH, to a 
dark-brown powder, from which B.Jb removes 
NH 4 CI and leaves a crystalline salt, Cr, 04 (OK),: 
the corresponding NH 4 8 alti 8 obtained by acting 
on Cr 02 Cl 2 dissolved in OHClj with NH,, and 
reacting with H 3 O (Heintze, J. pr, [2] 4,214). 

Diohromates MsCrgO, and MCrjO,. Most of 
these salts are soluble in water; many of them 
are decomposed by water. The greater number 
are salts of monovalent metals. They are ob¬ 
tained by the action of acids on M 2 Gr 04 . 

Ammonium'Uickromate (NH 4 ) 3 Cr, 0 ,. Orange 
coloured, monoolinio, crystals; S.O. 2*367; de¬ 
composed by heat to CrjO,, H,0, and N. Pre¬ 
pared by neutralising GrO,Aq with NH,Aq, 
adding an equa!«quantity of CrO,Aq,and evapo¬ 
rating (Biohmond a. Abel, 0. J. 3,199; Siewert, 
2. f,d. g. Naturwiss, 19,11; Schabus, P. 116, 
420 ; Weiss, Sits. W. 37, 373; Rammelsberg, P. 
118,168; Schiff, A. 107,64). Twodoublecom- 
pounds with HgCl.^, viz. (NH 4 ) 3 Cr 20 ,.HgCi 2 .H 20 , 
and 3 (NH 4 ) 2 Cr, 02 .HgClj, exist (Darly, A, 65,204; 
Zepharovich, Sits. W. 89, 17; Clarke a. Stern, 
Am. 3, 361). 

Barium dichromate BaCrj 0 ,. 2 H 20 ; yellow 
needles, obtained by dissolving BaCr 04 in oonc. 
CrO^Aq, evaporating, orystaliising, and drying at 
100®. Decomposed by HjO to BaCr 04 and 
CrOsAq (Bahr, J. pr. 60, 30; Zettnow, P. 144, 
167; Preis a. Bayman, B. 13, 340), 

Bismuth dich^omate.—The salt . 
2 (Bi 23 Cr 04 ).Bi 20 „ obtained by ppg. Bi3NO, ia 
HNOjAq by K 3 Cr 04 Aq, deaoribea as a basic bis¬ 
muth chromate (p. 166), may perhaps be better 
regarded as oasio bismuth dichromaio 

Calcium dichromate CaCr, 07 .SH ,0 ; deli¬ 
quescent, red, crystals; obtained by dissolving 
CaCr 04 in CrO,Aq and evaporating (Bahr, d jpr. 
60, 60). 

Cop^ dichromate CaCr 20 ,. 2 Hj 0 ; brown- 
black, deliquescent, crystals; e. sol. in H 2 O or 
alcohol; decomposed •by hot with separa^ 
tion of CaCr 04 . 2 Cu 0 ; obtained by dissolving 
CUO 3 H, in cono. CrO,Aq, and evaporating 
(Droege, A. 101, 39). 

Lead dichromate PbC^jO,. Brick red, crys. 
talline, powder; by actiomof CrOjAq on PbCrO, 
(Preis a. Bayman, B, 13,840). 

Lithium dichromate Li,Cr,0,; black-brown, 
deliquescent, crystals (Bammelsl^rg, B. B. 1865. 


629). 

Potassium dichrtmaU E,Cr,0*. S.G. ^ 
2*692 (Joul# a. Pla 3 <air, 0. J. 1,121; Sohiff, A. 
107,64). M.P. about 400® (Tilden a. Shenstone, 
T. 1884. 84). S.H. *186 (Kopp, A. Suppl 8, 
1 a. 289). C.E. (0®-100®) *0122 (Joule a. Play¬ 
fair, G. J. 1,121). 8 , (0®) 4*9; flO®) 8*4; (40®1 
29*2; (80®) 73; (100®) 102; (117^) 128*8; (129®) 
163*8 , (148®) 200*6; (180®) 262*7. S.G. of solu¬ 
tion 6*08 parts in 100 water - 1*0405 at 19*5®, 
of 13*1 parts in 100 water * 1*0847; saturated 
solution boils at 104®; insol. alcohol (Krcmeri, 
P. 92,497; 95,110; 96, 89; AUuard, 0 B. 59, 
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«00j Michel a. Kraft, A. Oh. [8] 41, 471; TU- 
den a. Shcnstoae, T. 175, 28). 

^fV^mfton.-~Chrome-ironBtoDe is heated, 
powdered, and mixed Vitb K,00, and GaO; the 
' mixture is heated to 160^ until quite dry, then 
to bright redness, in presence of air, with frequent 
stirring. The fused mass is allowed to cool, and 
U then treated with a small quantity of boilmg 
water; if the solution contains CaCr04 it is de- 
oom^sed by adding K,GO, and filtering from 
CaCO,. Sufficient acid to change the KjCrO, to 
E^Cr^O, is added, the liquid is evaporated and 
allowed to crystallise. The crystals are purified 
by reorystoUisation from water. 

Properties. —Large, red, triclinic, crystals; 
onchanged in air. Solution in water is acid to 
litmus, has a metallic taste, and is poisonous. Is 
rapidly changed by light in presence of organic 
matter; hence us^ in photography (Schwann, 
D. P. j. 199,130). Decomposed at white heat to 
KjCr04, 0, and CraO,. 

BeacHons .—Beduced by heating with C, S, or 
,NH401; or with solid H2G,04 (^otbamley, G, J. 
61 , 169 ; Werner, 0 , J, 63 , fe); KjCrjOjAq is 
reduced by SOjAq to Cra3S04Aq, and by H..S to 
CtjO, and S; NO is absorbed and after a time 
CrO, is ppd. (Vogel, J. pr. 77 , 482 ). Heated 
■with cone. H,4S04, ^S04, Cr,3S04, H^O, and 0 
are produced; addition of 2 formula-weights 
HfS04 to a boiling solution of one formula- 
weight E^Cr^, produces pp. of orange-red 
HKS04.E,Cr,0„ which is decomposed by H^O ; 
(Schwarz, Z). P. J, 186 , 81 ). Solution of KjCr^^O, 
in CODO. HClAq gives CrO3.Gl.OE {q. v.) on cool¬ 
ing. From a hot solution of the salt in 12 parts 
HNO,Aq, oarmine-xed crystals of Cr20a.N0;,.0K I 
(?0K.Cr0,.0.Cr02.N03) separate on cooling; by 
re-orystaltiBing this salt from HNOsAq, the salt 
Cr,OB.NO,.OK (?0K.Cr03.0.Cr03.0.Cr03.N0.,) is 
obtained (Darmstadter, B. 4 , 117 ). A double 
compound EjCTjOr-HgClj is obtained by evapo¬ 
rating a mixture of its constituents (Darly, A. 
66 , 204 ; Hahn, Ar. Ph. [ 2 ] 99 , 147 ). 

MubidUimdichromate'RhiCT^O,', mdSoditim 
dichromaUt Mfitfi ,; closely resemble KjCr^O, 
(PieSard, J. pr. 86, 449; Orandoau, A. Ch. [3] 
67,166). 

Bilver dichroinate Ag^CrjO,. By ppg. 
E|Cr,OrAq by AgNO„ op* digesting moist Ag^O 
with EjCrjOjAq; somewhat soluble in H^O, 
orystaliising to red, triolinic, crystals; decom¬ 
posed by boiling water; when strongly heated 
gives Or^O, and Ag (Freese, P. 140,87; Waring- 
ton, P. M. 11, 489: Tesohemachor, P. M. 1, 
846; Nason, A. 104,126). 

ThaMum dichremtate Bed, crystal¬ 

line, powder; insoL in H3O; decomposed by 
Qono. aoid to T^Cr^Oi^ (g. v. infra). Obtained 
ligr reaction of thallous salts with E^CrjO-Aq. 

Tri-, Tetra*, and Eexa-Chromatev MijCrsO,,, 
andM^yCr^O,^ Very few of these salts 
are known. (NH4)3CraO,4, EgCraOjo, and TljCrjO,. 
are obtained by crystiUhsing solutions of the ^- 
chromates in HNOaAq (Siewert, Z. /. d. g. Na» 
tuTVfise. 19. 11; Bothe, J. pr. 46, 184; Hauer, 
SOf. W. 89, 439; Willm, A. Ch. [4] 6; 6). 
EgCTtCX, is obtained by long-continued digestion 
of E3Gr,0,, in oono. HNO^q (Siewert, Zc.). 

was obtains by Bammels- 
berg (P. 94,607) from a solution of (NH4)3CrjOf. 


Chromites. Compounds of OnO, with nwre 
posUive metdllio oxides. Aoompound2GaO.Cr30| 
IB obtained, according to Chancel (C. B. 43, 97), 
by the reaotiol betweefi NH^^and chrome-alum 
solution mixed with CaOL^. By mixinn solutions 
in EOHAq of Crfi, and PbO or ^O, pps. are 
obtained of the composition MO.Ci^)# (Pelouze, 
A. Oh. [3] 33, 6). Compounds of the form 
MO.CrjOj, where M Mn, or Zn, are also pro¬ 
duced by fusing together the component oxides 
with BjOj a white heat; the compounds 
crystallise out on cooling; Zn<^.Gr20, forms dark 
greon ootahedra, S.G. 6*309; MnO.Cr^O,, hard 
iron-grey ootahedra, S.G. 4*87 (Ebelmen, A. Ch. 
[3J 83, 34). These compounds may be regarded 
as chromites, MCrjO,, i.e. ^alts of the hypo¬ 
thetical chromous acid H^Cr.p,. Certain me¬ 
tallic oxides which are insoluble in KOHAq 
become soluble therein when mixed with 
CrjOj-ajEjO ; e.g. a mixture of CrjOj-^HjO with 
40 p.o. FejO,, 12*6 p.o. MnO, 20 p.o. CoOi or 
25 p.o. NiO, is completely soluble in KOHAq; 
on the other hand Cr^Oa is completely ppd. by 
KOHAq in presence of 80 p.c. Fe^O,, 60 p.o. 
MnO, or 60 p.o. CoO or NiO (Church, Ph. 0. 
1853. 391). 

Chromium, alloys of. An alloy of Or with 
A1 is described by Wfihler [A. 106,118) as very 
fusible, tin-white, crystals; becoming brittle 
after fusion ; S.G. 4*9. Fremy (0. R. 44, 632) 
obtained an alloy with Fe by reducing chrome- 
ironstone with C, or by the action of Fe on 
CrjO, at a very high temperature; long needles, 
harder than steel. By the action of Na amal¬ 
gam on GrCl^Aq an amalgam of Gr with Hg is 
produced (Vincent, P. M. [4] 24, 328; Schdn- 
bcin, P. 112, 446). 

Chromium, ammouio- salts of; or Cbrom-am- 
monium salts. Freshly ppd. Cr30s.a:HjO dis¬ 
solves in cono. NH^ClAq containing NIIjAq; 
on standing in air a reddish-violet powder is 
deposited; when this is dissolved in cold HClAq 
and excess of cpno. HClAq is added, a rose^ed 
crystalline powder is produced having the 
composition CrjC1..8NH,.2HjO. By treating 
this salt with cold cone. H^SO^, a new com¬ 
pound CrjCIj(S0,)3.8NHj.2H30 is produced; 
by the action of Bal^q on this, the salt 
Cr2Cl2l4.8NH5.2H,0 is formed; and from this, 
Gr2Gl3Br4.8NH3.2H3O may bo obtained by the 
action of cono. HBrAq. Various other deri¬ 
vatives are known of the general form 
Cr2M2.X4.8NH,.xH20, in which M*-Cl,Br, or I, 

and X » negative radicle, Cl, Br, I, NO,, 

o 2 

SlO. Kie reactions of this series of compounds 
forbid us to regard thenSfas ordinary doable com¬ 
pounds of Cr.M, with a:NH2;>the^r are usually 
looked on as* compounds of the hypothetic^ 
groups, chXorochrom-t bromochrony, i^ochrom- 
letrammoniwn, with negative Todicles CI4, 
(NO,),, &o. On this supposition the formula 
N,H,(NH j4.{Cr3M2).X4 would represent the com¬ 
pound in question; ^he names dhloro^ fbromo-, 
lodo-,) chrimtetrammoniitm chloride^ hromidue^ 
Ad., ore need. The less hypothetical formula 
M3.Cr3.8NH,.X4 is also frequently employed to 
represent ^e ohloro(Ac.)chromtetrammoniam 
compounds. 

Six other series of chiomasuuonio-com- 
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pounds are known. They may all be repre- 
leuted by the general form OrjjrNH,.X^, where 
'e«10 or 12, and X»nogative radiole; in some 
of these part of the X, iaeasilyrijplaced by other 
radicles and partite not; in others the whole of 
the X, i# easily replaced. If M represent the 
radiole whfch is r^laoed with difficulty, and X 
the radiole which is easily replaced, we get the 
doveloped general formula for the seven series 
of compounds M*.Cr,.8(10 or 12)NHg.X*; where 
x»l, or 2, and sa4, 5, or 6. The second to 
seventh series n^y also be regarded as derived 
from the first (%.e. from the ohloro{Ac.)chrom- 
tetrammonium salts, by replacing H in 
N,HB(NH 4 )j.^rjM 2 ).X 4 by the radicle NH^. The 
following formuli] represent the seven series of 
compounds:— 

( 1 ) M 2 .Cr 2 . 8 NH,.X^ or N,Ha(NHJ,.(Cr,M 2 ).X 4 
Chromtetrammonium salts. 
( 2 VR 4 Cr,. 10 NH 3 .X 4 or N,H,{NH,),{Cr 2 M 2 }.X, 
Purpurcochrom salts. 

(3) Crj.lONHa.xJor NJI„(NII0a.Cr2.X, 

Roseochroin salts. 

(4) M2.Cr2.10NH3.X, or N,H„(NII,)„(Cr,,M,.)X* 

Xanthoclvrom salts; (M 2 - 2 NO 2 ). 

(5) Crj.l2NHa.X„ or N,H,(Nn,),.Cr,.X, 

Lutcochrum salts. 

(6) & (7) M.Cr..lONft,.X.orN,H„(Nn.),(Cr,M).X, 
EliodochromAnd Ertjthrochrom salts ; {M = OII). 

The purpureo- and rosoo- salts are isomeric, 
using the term in a rather wider sense than is 
given to it in organic chemistry as the molecu¬ 
lar weights of none of those salts are known; 
AgNOaAq pps. 4 of the Cl from purpureochro- 
niium chloride m the cold, but all the Cl from 
rosoochromium chloride; HNO^Aq, HBrAq, &o., 
also removes * of the Cl from the former salts; 
boiling HIAq, howevel, produces l2.Cr,.10NH,.l4 
{iodopurpure^chrominm iodide) ; and by acting 
on^his with dilute HClAq, I;.Cr2.1()Nn,.CI^ (iotio- 
purpureochromium chloride) i» obtained. Pur¬ 
pureo- compounds, in which and X, are 
the same radicle (e.g. Brn.Cr 2 .l' 0 NH,.Br„ or 
Ch.Cr 2 .lONH,.Old easily change to roseo- com- 
pounds by standing in the air, or by heating. 
Xanthochromium chloride is obtained by the 
action of NaNO.^Aq and dilute IINOjAq on 
Cl2.Cr2,10NH3.Cl„ or on Cr...lONH,.Br,. The 
three scries, purpureo- lutco- and rhodo- salts, 
are obtained by more or loss slowly oxidising 
Cr.^Cl^ in NHjClAq in presence of NH,Aq; the 
purpureo- and rhodo- salts are obtained by oxi¬ 
dising in presence of air, thejuteo- salts in ab¬ 
sence of air (v. infra). The roseo- %nd ejythro- 
salts are obtained from tlie purpureo- and rhodo- 
respectively (v. infra). The rhodo- and erythro- 
salts are isoderid; the former ihango to the 
latter by standing in air (u. infra). 

In the nemenclature of the chromtetram¬ 
monium and purpureochromium salts it is neces¬ 
sary to use prefixes, chloro-, bromo-, <ko., to ex¬ 
press the nature of radicles Mj; ^us chloro- 
purpureochromiomoh^tridu^ and bromopurpureo- 
chromium nitrato, are CI3.Cr3.IONH,.Cl,, and 
Br 3 .Cr,. 10 NH,.(KO,) „ respectively. In the other 
series prefixes are unnecessary. 

It will suffice here to describe the chief com¬ 
pounds in each sericsi Tlie principal references 


are Frcmy, A. Ch. [4] 9,431; Clive, J.pr, 76, if, 
Aip. S. X2] 49, 251; JOrgensen, j. pr. [2] 20, 
105; 25,83; 25. 321; 30,1; Christensen, ^ pr, 
[2] 23, 26; 24, 74; 25, 398. 

I. Ghbomtbtbamuoniou Sxribs 
M 2 .Cr.g 8 NH 3 .X 4 .JcH 30 . Chlorochromtetrammo, 
nium chloride Ol 2 .Cr 2 . 8 NH,.Cl 4 . 2 H 20 . Deep-red, 
very lustrous, almost opaque, trimetrio crystals. 
Obtained by digesting freshly ppd. chromium 
hydroxide in a closed flask with cone. NH 4 CI in 
NH^Aq, until the hydroxide dissolves: the deep- 
red liquid is allowed to stand in the air, the dark- 
violet powder which separates is dissolved iu 
cold HClAq, excess of cono. HClAq is added, the 
rose-red crystalline powder which separates oitt 
is washed with cono. HClAq, then with strong 
alcohol, and is crystallised from warm H^O con¬ 
taining a littl<tHCl. This compound begins to 
docomposo at 120-*; when strongly heated NH,, 
NH 4 CI, and HjO, are given off, and CraO, re- 
mains; heated in air-free H, or in CO,, Cr^OCl^ 
remains. The salt is soluble in water, but on 
boiling Cr 30 ,.aH 30 and NH, are produced. 
Treated with H 3 O and moist AgoO, a liquid is 
obtained probably containing Cl 2 .Crj. 8 NH,.(OH) 4 ; 
it soon decomposes with evolution of NH,. 

The sulphate Cl.MCr 2 . 8 NHv(S 0 .,) 2 . 2 H 20 is ob¬ 
tained by treating the chloride with cold cone. 
H 2 SO 4 , and then with H 3 O; from tlUs the iodide 
(X 4 =: I 4 ) is produced by the action of BaL^Aq, and 
by the action of fuming HBrAq on this, tho 
bromide (X 4 «Br 4 ) is produced. 

If freslily ppd. CraOv^HjO is treated with 
NH 4 Br in NH^Aq, bromochromtetrammonium 
bromide, Br 2 .Cr 2 . 8 NH,J 5 r 4 . 2 H 20 is produced; an 
aqueous eolation of this salt dropped into cono. 
HClAq gives the bromo-chloride (Mj-Brj, 
X 4 -CI 4 ). 

II. PURPCRXOOHROMIDM SERIES 
M2.Cr3.10NH,.X4. Chloropurpureochromium 
chloride. Cl,.Cr3.10NH3.Cl4. Prepared by re¬ 
ducing K2Cr20, by alcohol and very cone. HClAq, 
so that 12 g. KjCraO, give 60c.o. CrCla solu¬ 
tion, pouring the liquid (from KCl) through a 
separating funnel into a cylinder fitted wijh a 
reversed U-tube and an exit tube, and contain¬ 
ing sticks of Zn, and adding a little HClAq; when 
tho liquid is the colour of CaS 04 Aq (which in¬ 
dicates reduction to OrCy, forcing it through 
tho U-tube into a solntion of 600g. NH4GI in 
1,000 C.O. NHjAq, S.G. ‘9; and repeating this 
operation until 60 g. ICjCrjO, have been reduced, 
and the CrCl, solution further reduced to CrCl, 
and ^iven into the ammoniacai NH,ClAq. ^ Tho 
blue liquid is then oxidis'ed, by long-continued 
passage of air, until it becomes deep carmlno- 
red; 24 litres of cono. HClAq are added, the 
Vquid 18 boiled for a few minutes, when the 
chloride separatee out as a oarmine-red crystal 
line powder. Thisiiquid is allowed to cool, and 
poured off,'* the residue is washed free from 
NII4C1 by cono. HClAq + an equal volume of H 2 O, 
collected on a filter and again washed with the 
same HClAq, dissolved in H,0 slightly acidified 
with HjSO,, and re-ppd. by eono. HClAq; the pp. 
is boiled with a little cono. HOlAq, washed with 
the same strength of HClAq as before, then with 
90 p.o. alcohol, and dried at about 18'^-20°. 

Chloropurpureo-obromium chloride crystal¬ 
lises in small oarmine-red ootahedia: 8.(4. 
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1 ' 687 ; S. ( 16 “) ‘65 { bisoL cons. BOlAq; on 
boiliM w aqueoaa aolation roseoobrominm 
oUoriae ia obtained; deoompoaed b; beat, giving 
Cr^Oi* 

Bromo bramide (M,=Br„ X,»BrJ ia pre¬ 
pared aituilarly to the chloro-chloride, naing 
NH,Br in place of NH,C! 1 , <bo. Bj treatment 
with excess of HCiAq it yields bromo^ckloride 
XgoClJ. By treating ohloro-ohloride 
witn boiling oono. HXAq iodo-iodids (M,-!,, 
is fonned. By the action of dilute 
HKOtA.q. H,,SO(Aq, Ao., on chloro-chloride, 
ehloro^itraU, ehloro-aulphatet dtc., are obtained 
X4»4K0„ 2SO4, the action of 
KfCrOfAq produces chl<^chromat 6 (M,*»C1.;, 
X4»2CrOJ. Besides these the following com¬ 
pounds have been prepared:— 

M, Xa M, X4 M, X* 

CL 2 SiP« Br, 2 PtBr.' I, GI4 

Br, 4 NO, I, 4 N 0 , 

Br, 2Cr04 I, 2PtCl4 

m. BosBooBRomuu SERIES Cr,.10NH9.X4. 
Bo$eochr(mium chloride, Gr^liONIIs.Clf. Ob¬ 
tain^ by rubbing 5 g. dry chloropurpureo- 
ohloride with the moist AgP from 20 g. AgNO, 
for a few minutes in a mortar, filtering, neutral¬ 
ising the alkaline liquid with HGlAq, filtering 
from AgCI, evaporating in a rapid air-stream, 
pressing pp. between paper, washing once with 
a Utile £[36, and dicing in air out of direct sun¬ 
light. Orange-yeUow crystals; v. sol. EjO; 
ii^L alcohol; very unstable, giving off KH,; 
changed, as are aU roseo- salts, by heating with 
eono. to purpureo- salt. AgNOjAq pps. 

aU the 01 in ^e cold. 

The othn roseo- salts are formed by neutral¬ 
ising the solution obtained by action of moist 
AgfO purpureo-chloride by various acids; the 
eolotion in Question probably contains roseo- 
hydroxide CA4 «i(OH} 4]. The chief roseo- salts 
are Xa^Br^, L, SSO4, 6KO., Br.,(PtBr4)M 
(SOjLPtOla, Br,(Cr04)y 

Iv. Xanthochbomium series 
MOJrCrs.lONH,.X4. Xanth 4 xhromium ehhride, 
^O^2.Cr3.10NH,.Cl4. To 20 g. chloropurpureo- 
ebl^de 800 0.0. warm water and about 20 drops 
dilute added, the liquid is slowly 

heated to boiling, then cooled, and filtered; the 
insoluble purpigreo-chloride is again treated in 
the same way; 40-50 %.pwr 6 NaKO, and 25 0.0. 
H(MAq (12 p.o.) are added to the total liquid; 
the y^low crystalline salt which separates out 
is washed with water^then with alcohol.dissolved 
in water, and ppd.^by fairly cone. NHfOlAq. 
Xantho-<^oride is a«yeUow crystalline powder; 
fairly sol. H3O; insol. alcohol; easily decom¬ 
posed by acids with production of ENO,; treated 
withHClAq,chloropurpureo-ohloride is formed; 
fairly stable towards Thalia; forma double saltii 
with 2PtCl4 and dHgd,. 

The other most importatit xantbo- salts are: 
X4«Br4. I4, 2SO4, 28 , 0 ,, 4 NO,. 2 CO,. 2 CrO,; 
the bywozide, X4 «* (OH)„ is known in aqueous 
solution, it is fairly stable, and has a strongly 
alkaline reaction. 

T. LunooBBOMiUM BBBZBS Cr,.12KH,.X4. 
Xruf0ocAromtt<m mfrofe, 0^12N£(|.(N0,)4. 80 g. 
X, 0 r, 0 , are reduced to OrC 4 by the method 
described under ohlompnipureocbronunm Chlor¬ 
ide ; the solution is foroM ^ H pressure into 
a flask oontainisg 700 g. KH4Cfi in 750 0.0. NH,Aq 


(S.G. *91); the flask, which must be entirely 
filled with the liquid, is closed by a cork carrying 
an exit tube opening under water, and is sur¬ 
rounded by col^ water; after about 24 hra. evo¬ 
lution of H ceases; the liquid b poured off from 
ppd. luteo-ohloride and NH 4 CI, and iO ppd. by 
alcohol; the crude luteo-ohloride is washed with 
alcohol, dried, dissolved in warm water, and the 
solution is filtered into HNO,Aq (8.G. 1 * 39 ); the 
crystals of luteo-nitrate are washed with dilute 
ENOjAq (1 vol. cono. HNO,Aq to 2 vols. E^O), 
and then with’ alcohol. The pp. of mixed 
NH 4 CI and luteo-ohloride formed in the process 
may be dissolved by repeated treatment with 
EC, and luteo-nitrate obtained ^ ppn. with 
ENO,Aq. Luteo-nitrate crystallises in orange- 
yellow, lustrous plates; 8 . (abt. 15 ^) 2 * 5 ; insoL 
alcohol; nearly insol. dilute ENO,Aq. 

The luteo-ohromium salts form many double 
compounds with acid radicles, and also with 
some negative metallic radicles; the more in- 
i portant salts are:—X 4 « 2 N 0 ,. 2 S 04 ,2NO,.2PtCl.i. 

CI 4 , Br„ I„ Cl 4 .H,PtCl 4 , Cr.. 2 Pt 0 l«, aPtCl^, 

3PtBr„ I,. 2 S 04 , 3804 , 2 S 04 .PtCl 4 , SO^. 

2NaP,0„ Fe,(ON),„ Oo 4 (CN),„ Cr,(CN)„ (Jdr- 
gonsen, j.pr. [2] 30, 1). 

VI. Bhodoohbouiuu series 
OH.C r 3 .lONBs.X 5 . Bhodochromium bromide, 
OH.Cr 3 ,l 0 NH 3 .Br 5 .E 4 O. OrjOj-ajEjO, equal to 
10 g. CrjO,, ia dissolved in ICO o.c. cono. J^rAq; 
the green solution is poured on to Zn in a cylinder 
arranged with a reversed TJ-tube,<kc., as described 
under purpureochloride; 30o.o.IlBrAq(lvol.cono. 
solution +1 vol. H 3 O) are added; when the liquid 
is blue (after about 10 min.) SOc.c. of the same 
ELBrAq are added, and the H pressure is caused 
to force the liquid into 150 g. NH,Br in 750 0 . 0 . 
cono. NH,Aq; the blue solution is oxidised by a 
stream of air, after all particles of Zn have been 
removed; the liquid ia ^ickly decanted from 
the blue pp. (basic rhodo-bromide), which is 
treated with excess of HBrAq (1 vtl. cone, sola- 
tiou-^ 3 vols. H 2 O), whereby md rhodo-bromide is 
formed; the salt is washed with dilute HBrAq 
and then with water, it is then dissolved in cold 
water and the liquid is poured into moderately 
dilute HBrAq; the crystals which separate are 
washed with dilute HBrAq and then with alco¬ 
hol, and are dried in the air. Dried for some 
days over H,S 04 they lose their H 3 O. Bhodo- 
bromide is a pale oarmine-red crystalline pow¬ 
der ; slowly loses its H 3 O over cono. H 3 SO 4 ; 
si. sol. cold H,0; on warming, the solution 
goes blue-violet; on boiling, NH, comes off, and 
Gr 30 ,.xH 30 ppa.; insol. dilute HBrAq and 
NH 4 BrAq; boiled(.with very dilate HBrAq it is 
changed todroseochromlum bromide; boiled with 
cono. HBrAq it gives ^brompurpureo-bromide; 
with AgNO, all the Br is ppd«; dilute NaOHAq 
or NH^Aq rexfioves | Br, and a ba^ rhodo- salt 
remains; dilate acids form the respective rhodo- 
salts. * 

The ohief rhodo- salts known ares—X^oOl,, 
I„ 5NO„ 2JC0„ 2iS04, 2iSa04, Cl,.2AuCl4, 
CL.PtCL, 01 . 2 PtCl 4 ; “and the basic salts 
X.=.OH.Br 4 . OHClJl^, OH. 2 S 3 O 4 (Jdrgensen, 
J.pr. [2] 25, 321). 

VIL BSTTHROCHBOBnUU BXRIMI 
OH.Or,.10KH,.X.. Erythrochromium nitrate, 
OH.Or,. 10 NH.. 6 NO,.H 3 O. Bhodo-chloride is 
prepared by Mteriug a solution of rhodo-bromide 
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Into HOlAfl (1 toI. ooac. solution+ 1 vol. H,0); 
itjgis washed with alcohol, 5 g. rhodo*ohIoride are 
dusolTod in 50 o.o. HjO + 35 o.o. dilate NH,Aq; 
when the’bluo solution has become rod by stand* 
ing in air 4-5 vol^ of dilute HNC^Aq are added; 
the pp. is^peateoiy treated with dilute HNO,Aq, 
dissolved iiiHaO.reppd. by ilNOjAq, washed with 
alcohol, and dried in the dark. Erythrouhroinimn 
nitrate is a crimson powder composed of micro¬ 
scopic octahedra; it decomposes slowly even 
in the dark; when strongly heated N oxides are 
evolved and CrjOj remains; fairly^ol. cold water; 
insol. alcohol; liqueous solution decomposes 
when boiled with separation of CrC,.xHP; 
aqueous solution boiled with a few* drops of 
HNOjAq givjs roseochromium nitrate; solid 
erythronitrate boftod with dilute HClAq gives 
chlorpurpureo-ohloride. 

Other salts are obtained by the action of 
acids on the bromide or chloride; the principal 
are:—Xj = Brj, ClI,, 2JSO,; and the basic salts 
Xj^OH.Br^, OH.4NOj, Oll.'iS^Ou (Jorgensen, 
J. pr. [2] 25, 398).' 

Chromium, arsenates of. —E.^isteiioo uncer¬ 
tain {v. Ahsknatkh, under Arsunic, acids or; 
vol. i. p. 308). 

Chromium, bromides of. -Two are known; 
as neither has been gasilied the foriniiho CrBr.^ 
and CrBr, may or may not represent the com¬ 
position of the gase#us molecules ; judging from 
the analogy of CrCl, it is probable that the 
formulffl CrBr, and CrBfj aro molecular. These 
compounds resemble the chlorides (2. v.) in their 
properties. 

I. Chromous bromiok CrBrj or Cr^Br^. Ob¬ 
tained as white crystals by hnating CrBr, in II, 
by leading HBr over healo<l Cr, or by t!io action 
of N saturated with Br vapour on Cr at a red 
heat (Moissan, A. Ch. [6] ’2.), 401). Unchaiigod 
in dry air, but oxidise? in pvosonee of traces of 
moisture; dissolves in H/) forming blue liquid, 
which dissolves large quantities of violet CrClj. 

€1. Chromic bromidb CrBr;, or Cr^Bry. Small 
oylindors formed of Cr^O,, C, and starch paste, 
are dried and heated to redness in a covered cru¬ 
cible; they are then heated in a tube of hard 
glass in dry Br vapour; crystals of CrBr, sub¬ 
lime, and some remain mixed with, but easily 
separable from, Cr^O,. Dark, metal-like, lus¬ 
trous, hexagonal crystals; oUve-green by trans¬ 
mitted light, slightly dichroio in red light (Woh¬ 
ler, A. IH, 332). Heated in air Cr-P, is formed; 
KOHAq or NaOHAq decomposes CrBr, into 
Cr,Og and KBrAq or NaBrAq. Insol. in 11,0, 
but dissolves in presence of a little CrBr,. A 
green solution containing CrBr, is obtained by 
the action of HBrAq on Cr^OJI,. 

Chromium, chlorides*’of.—Two exist, CrCl, 
and CrCl,. CUiromic chloride has, been gasified 
(at 1200®-1500°) and the observed V.D. corre- 
spends with ^e formula CrCI,; it is probable, 
but not certain, that the molecular formula of 
chromous chloride is CrCL 

CrCl„ like several other compounds of Cr, 
exists in two forms; one ppl., the other insol. 
in H,0. CrCl.Aq is an energetic reducer. Solu¬ 
tions of CrO, and CrO, in cold cone. HClAq may 
contain OrCl, and CrO^ respectively; those solu¬ 
tions are brown, they evolve Cl when heated, and 
CrOl, remains. > 

Vol. U. 


L OHaoMous oaLOBm* OrCL, or 0 rj,Cl 4 . MoL 
w. unknown. 

Formation.—I, By the action of dry HOI on 
Cr at a red heat (Ufer, A. 112, 302 ; Moissan, 
A. Ch. [5] 25, 401). —2. By heating CrCl, with 
Nfl^Cl to a very high temperature (Moissan, t.c.). 

Violet, sublimed CrCl, is 
heated in a stream of perfectly dry H, free from 
every trace of 0 , to a very low red heat; the re¬ 
duction takes place very slowly, but the tempe¬ 
rature must not be raised, else some Cr will be 
formed (Moberg, J. pr. 29,175; 43,125 ; 44,322 ; 
P61igot, A. Ch. [3] 12. 528). The H used should 
be passed through a solution of SnCl,in KOHAq, 
then through cono. H,SO„ then over red hot Cu, 
and lastly through boiled and over CaCl,. 

Properties. -White lustrous crystals; sol. iq 
n^-O, with production of heat, forming a blue 
liquid, which rapidly absorbs 0 turning green. 
P61igot determined the quantity of 0 absorbed; 
it corresponded with formation of CrUl^O. 
Loewel (A. Ch. [3J 40, 42), by the prolonged 
action of granulated Zn on a solution of 
CrCl^.OH^O in 3-?5 parts H^O in a flask nearly 
filled with the Zn, obtained a colourless solution 
of CrCl^ (containing Zn), which acted as a strong 
reducer; e.g. KUrO,Aq was reduced to CrO,, 
HgClAq to llgCi, CuSO,Aq to Cu^Cl, and CujO, 
and solutions of Au and Su salts to Au and Sn. 

Reactions. —CrChAq protected from air gives 
the following reactions:—1. Viithpotash or soda^ 
brownish-yellow CrO.H^, which quickly becomes 
CrO.,H, with evolution of H.—2. Potassium auU 
phidepp3. black CrjS,.—3. Sodium acetate forms 
a red liquid from which red lustrous crystals of 
Cr(C 2 H 30 ;),.JiU separate after a time, 

Combt7Uitions.~l. With wate7\ to form 
2 CrCl 2 . 3 U ,0 (Moissan, A. Ch. [ 6 ] 25, 401).— 
2. With dry hydrochloric add, to form an easily 
decomposed compound 6CrCl2.4HC1.26H20 (Re- 
coura, C. B. 100,1227). 

II. Chromic CHLORIDE CrClj. Mol. w. 158*55. 
V.D. 77*45 (Scott, Pr. B. 14, 410). 

Formation. -ISy heating Cr 2 S 4 in dry Cl (Ber¬ 
zelius, P. 50, 79; Brunner, D. P. J. 159, 356). 

Preparation. —An intimate mixture of Cr^O, 
and lampblack is made into little pellets with 
starch paste; the pellets are dried and heated in 
a covered crucible, they are then placed in a Hes¬ 
sian crucible, througl\ the bottom of which is 
fitted a poicelain tube about 6 inches long; the 
upper end of this tube, which passes a very little 
way into the crucible, is loosely covered with a 
very small crucible to prevent the pellets falling 
into the tube; into the mouth of the Hessian 
crucible is fitted a smaller Crucible, inverted, and 
pierced by a hole. The crucibles are arranged 
in a furnace, so that the lower one maybe heated 
very highly and the upper kept comparatively 
cool. The porcelain tube is connected with a 
supply of dry Cl. The pellets are now heated in a 
rapid stream'of Cl; CrClj sublimes into the upper 
crucible; the whole is allowed to cool in 01 , else 
Cr^O, may be formed. The sublimate is washed 
with cold H 2 O to remove AljOl^ formed from the 
crucible (Wdhler, A. Ill, 230; Ufer, A. 112,281). 

Properties. — Lustrous, peach - blossom 
coloured plates. S.G. 3‘03 (Sohafarik, J.jpr, 90, 
12). Decomposed at high temperature without 
fusion with evolution of 01 (Carnelley a. WUliamSi 
0. «r. 37| 126). Insol. in water, unacted on by 

M 
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acids,even by CrCl, may be obtained 

in soft violet-omoured plates, v. sol. in H,0, by 
dissolving green CrO^s HOlAq, evaporating 
slowly until crystals of CrCl,. 6^0 separate, 
and heating these in HCl or Cl not above 250® 
(Moberg, J. pr. 44, 825; P^ligot, J. pr. 37, 475). 
CrCl, thus prepared dissolves very easily in 
Rp, forming a green solution; heated above 
250® the salt sublimes to crystals of the peach- 
blossom coloured, insoluble variety. The latter 
crystals when powdered and boiled with water 
for some time go into solution with production 
of a green liquid (Jacquelin, 0. B. 21, 679). 

A violet solution of GrCl| is produced by de¬ 
composing violet Or^SSOfAq by an equivalent 
quantity of BaCl^Aq. When this solution is 
boiled it becomes green. 

The green solutions evaporated at 100® give 
crystals of CrCl,.xH 20 (v. ComBinatiana, No. 1); 
the same green hydrates of CrCl, are obtained 
by dissolving green CrOjH, in HGIAq, or the 
insoluble CrOl, in £[,0 containing a trace of 
GrCl,, or PbCrO^ in oono. HGi&q and reducing 
by ^cohoi, and evaporating at about 100 °; 
evaporated at higher temperatures ozy-chlor- 
idcs {q. V.) are obtained. These green solutions 
probably therefore contain CrCl,. But only 
two-thirds of the total Cl is ppd. from them in 
the cold by AgNOjAq; on boiling for some time 
the rest of the Cl also forms AgCi. On the other 
hand, AgNOjAq pps. all the 01 from the violet- 
coloured solution of CrCla obtained by the action 
of BaCLAq on violet Cr^SO^Aq. Moreover, 
green-coloured double chlorides, MGl.CrC),, 
where M=alkali metal, are not obtained, whereas 
several violet double chlorides are known {v. 
Combinational No. 2). P61igot (/. jw. 37, 475) 
supposed that a green solution of OrCl, contains 
CrOGl and HGl; Berzelius (P. 60, 79) supposed 
that on adding AgNO, a doable compound of 
AgCl and CrCl, is formed and that this is 
decomposed only on boiling. 

Baactiona. —1. Finely powdered CrClj boiled 
for some time with watar slowly dissolves, form¬ 
ing a green solution (Jacquelin, G. B. 24, 679). 
Ifnhe water contains ^ to 55^55 of its weight of 
CrCl), or a little BnCl, or CU 3 GI 3 , the CrCl, 
quioUy* dissolves with production of much heat, 
forming a gre^n liquid with the same reactions 
as that obtained by dis^lving GrO,H, in HClAq 
(Piligot,36, 150; Loewel, J'.pn 37, 150; 
Pelouze, P. 24, 233 ; Moberg, A. 109, 82; Bar- 
reswill, A. Ch, 12, 620) (v. Combinations^ No. 1; 
also Chaouicu.ozVoulobidesov).— 2. Boiled with 
wtaah or soda GrClt is slowly decomposed with 
formation of Ct, 0|.—3. Fused with nitre and an 
alkali or alkaUna carbonate chromate and chlor¬ 
ide of the alkali metal are formed.—4. Molten 
potasaiumdiehromatciorms CrO 3 .Cl.OK (Geutker, 
A. 118, 61).—6. Heated with chromic anhydride 
CtjO, and CrO|Cl 3 are ploduced.xr 6 . Heated in 
oAr CfjO, results.—7. Heated in dry hydrogen 
CrCl„ and then Cr,iB formed.— 8 . Zinc or yotaS' 
aium reduces CrCl, to Or when heated with it.— 
9. HeatedinammoniaCrNisformed.—10. Heated 
in phoaphoretted hydrogen OrP results.—11. 
Heated in aulphurettM hydrogen or with aidphwr 
the product is Cr,S,. 

OomWnafions.—1. With wafer, to form vari- 
ousgreen, oiystalline, easily soluble hydrates:— 
2 CrCl 3 . 9 H, 0 , by evaporating CrO,H, in HOlAq 


in dry air at 100° (Moberg, J, «r. 29, 176); 
CrOlfGHjO, by evaporating (1) violet CrCl, 10 
H.0 containing a trace of CrOl, in dry ur, or ( 2 ) 
solution obtained by action of cone. HdAq and 
alcohol on PbCrO^ (P61igot, pr. 87, 476; Mo¬ 
berg, J, pr. 44, 32 m. Godefroy {Bl. fB] 43, 229) 
describes also CrCl,.10H,O, and Cri}l 3 . 4 H 30 , as 
green crystals. One or other of these hydrates 
is probably formed when violet CrCl, dissolves 
in H,0 containing a trace of OrCi,; Loewel 
(/. pr. 87, 160) supposes that the CrCl, is re¬ 
duced to CrCJ^ by the action of the CrCl, pre¬ 
sent, and that the CrCl, thul^ formed combines 
with H,0 and dissolves as CrCla-xHaO, and that 
more CrCl, is reduced by the freshly formed 
CrCl„ and so on (v. also Becodra, C. B. 102, 
921). According to Becoura {C. B. 102, 513 a. 
648) the hydrate 2CrCl,.13R30 exists in two 
varieties: (1) green crystals, produced by pass* 
ing HCl into a saturated solution of green CrCl, 
(or by passing air into cooled CrCl,Aq oontaiping 
much HCl, and then passing m HCl; C. B. 102, 

I 921); (2) greyish blue crystals, produced by heat¬ 
ing a solution of 1 pt. of the green crystals in 
1 pt. water, and then saturating with HCl. The 
green crystals dissolve in water (S.*130) with- 
out production of heat; the greyish blue crystals 
dissolve very readily in water with production of 
much heat [2CrCl».13H»0, Aql = 24,000. — 2. 
With alkali chlorides to form double salts 
MCl.CrCl,, the properties of which are little 
known; prepared by treating MjCtjO, (M»K, 
Na, or NHJ with HClAq and alcohol, and 
e^-aporating at 100° until the residue is violet. 
On adding H^O solution occurs, the liquid is 
yellow-red, but soon becomes green. Godefroy 
\BI. [2] 42.194) says that various double metallic 
chlorides containing CrCl, may be obtained by 
passing Cl into a mixture of metallic chromate 
and alcohol, and washing the products with 
HClAq; these double salts are decomposed by 
H,0, but are unchanged in HClAq containing 
32^ p.o. HCl.—3. With phosphoric chloride to 
form 2 GrCl,. 2 PCl 3 ; obtained by heating the con¬ 
stituent chlorides in a sealed tube, and then to 
140°-160° in an open vessel (Cronauder, B. 6, 
1466).-4. With ammonia to form several com¬ 
pounds (v. CfiBOUIUU, AUMONIO-BALTS OF). 
j Chromium, cyanides of, and their derivatives 

I V. Cvi^NinsB. 

Chromium, fluorides of. Only one is known 
with fair certainty. CrF, is described by De* 
ville (C. B. 43, 970) as forming lustrous, mono¬ 
metric, octahedra; obtained by dissolving dry 
CrO,!!,, which has not been strongly heated, 
in HFAq, evaporating in a Pt dish, and heating 
the ifeei^mass to a very high temperature. The 
double salts CrFj.QMjF-H^O, where M =» Na, K, 
or NH^, are described by Wagner (B. 19, 896). 

Unverdorben (P.7, 311)*obta«iedaredgaBby 
heating fluorspar and PbCrO, with cone. H,SO,, 
Dumas {A, Ch. [2] 31, 435) prepared the com¬ 
pound as a deep red liquid, by warming 4 pts. 
dry PbCrO^, 8 pts. dry pure CaF^, and 6-7 pts. 
very oono. H^SO*, in a retort of Pt or Pb, and 
leading the gas thsough a well-cooled tube of Pt 
and Pb into a Pt receiver. The liquid is vola¬ 
tile ; the vapour acts on the mucous membranes 
and produces violent coughing; it is at once de¬ 
composed in ordinary air, or by H,0, to HF and 
GrO^; it acts rapidly on glass, forming SiF^* 
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Hie formula CrF« was given from estimaiiona 
of the quantitiee of CrOj and HF produced by 
leading the gas into water. Bose (P. 27, 5C5) 
found moire F than agreed with CrF,. OUvori 
{Q. 16, 21B) recently oxaminea this eupposod 
fluoride jlaocording to him it is an oxyfluoride 
CrO,F, analogous to CrO^Cl,. 

Chromium, hydrated oxides of, v. Cbuomidm, 
BTnuoxmae of. 

Chromium, hydroxides of. Several ooin« 
pounds of Cr with H and 0 are known. They 
react rather as hydrated ccidos than as 
hydroxides (v. %rt. Htoroxides). Chromous 
hydroxide, or hydrated chromons oxide, 
Cr 02 H 2 (Cr 0 .H, 0 ) is very easily oxidised; it be* 
haves towards acids as a suit-forming compound. 
M least three hydrates of Gr^O, are known 
Cr,0,.7H,0(Ci,0..H„.4H/)), 
Cr,0,.4H,0(Cr,0«H,.H,0), 
and Cr,0!,.Hp(Cr./0.^.0^HJ; these compounds 
aie all salt-forming in their reactions with acids, 
but at the same time they exhibit feebly acidic 
functions. The nydrate Cr0a.II,0(Cr02.02Hj) is 
a strongly marked acid. 

The hydrates of Gr are more or less easily 
separated into oxide and HjO by the action of 
heat; the oxide Gr^O, does not directly combine 
with water; CrO, readily combines with HjO, 
but the solution is separated into CrO, and H,0 
by boiling; the action of GrO towards 11,0 is 
not known as the oxide has not been prepared. 

I. CnhOMous nvDiioxiDB. CrOaH, or CrO.HjO. 
It is doubtful whether this compound has been 
obtained quite free from Cr 30 ,.a:H., 0 . A solution 
of CrCI, in air-free water, and protected from 
air, gives a yellowish-brown pp. with KOH dis¬ 
solved in air-free HjO (Moberg, J. 43,114 a. 
125). The hydroxide quickly absoihs 0 and be¬ 
comes dark brown; it rapidly decomposes HjO, 
and combines with part of the 0 evolved. CrOaH, 
is slowly dissolved by acids with separation of 
Cr and fornation of chromous salts CrXj, e.g. 
Ci^ 04 . 7 H, 0 , Cr(CjH, 03 ).,.H 20 , &c .; these salts 
are unstable, and readilyoxidisB to chromic salts 
CrX, (Moberg, J, pr. 41, 330; P61igot, A. 62, 
247) (v. Chromium, salts op, p. 167). 

II. Chbomio hxdroxideb. Preparation.--A 
clear blue pp. of Cr^Oj-^HjO is obtained by the 
action of NH,Aq on CrCl,Aq at the ordinary 
temperature. The CrClsAq must be perfectly 
free from any fixed alkali; it is prepared by dis¬ 
solving Or in HClAq, or CrCl, in H^O contain¬ 
ing a trace of Cr01„ or by reducing CrO, by 
HClAq. When the pp. is thoroughly washed 
and dried over sulphuric acid the compound 
Cr„0,.7]^0(Or,0,H,.4H20) is obtained; when 
dned in vacuoOrfiaAU^OiCtfitKtMgO) r paains; 
and when dried at 200®-220° in H,the compound 
0r,O,.HaO(Cr3Oj.(OH)2) is produced (Siewert, Z. 
f.i. ges.Natiirwis 8 .lB, 2 ii). » 

For'accounts of the earlier experiments on 
composition <11 the various Gr 30 }.x ^0 v. Lefort, 
/, pr. 61, 261; Hertwig, A. 45, 298; Schaflner, 
A. 61, 168; Fremy, C. R. 47, 883; Ordway, 
Am. 8. [2] 26, 197; Mitsoherlich, Lehrb. d. 
Cfim. [4th ed.] 2, 761; Wincent, P. M. [4] 13. 

be pp. obtained by the action of KOHAq 
orNaO^q on GrCl«Aq, or on solutions of other 
chromic salts, contains alkali which cannot be 
lemoved by hot water. 
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Graham {T. 1861. 183), by long-continued 
dialysis of solution of freshly ppd. 
in CrGljAq, obtained a liquid containing 1*6 pis. 
HCl to 98-6 Cr 30 a{«HCl; 31 - 2 Cr., 0 ,:ajH, 0 ); thif 
solution, which may be taken as nearly pure 
Cr.,0,.xH«0 dissolved in water, was unchanged 
on dilution or boiling, but was coagulated by 
addition of traces of salts, with separation of 
CrjOj-xHiO. 

A green hydrate-approximately pore 
Cr,08.2H,0 -known as Guignet’s green, is ob¬ 
tained by heating 10 pts. K^Cr^O, and 18 pis. 
orystallised boric acid to low redness, and treat¬ 
ing with H 3 O. It is scarcely soluble in boiling 
HClAq {v. Scheurer-Kestner, Bl. 1866. 23; Sal- 
v 6 tat, C. B. 48, 205). 

Properties and Reactions. —Any of the by* 
drates Cr 308 .xH 20 heated to 200^ in air takes 
up 0, forming* a black powder, which reacts 
with HClAq evolving Cl, and from which H,0 
dissolves out CrO, (Siewert, l.c. ; ErUger, A. 63, 
249). The three hydrates whore x » 7, 4, or 1, 
are hygroscopic: GrjOj.HjO is insol. in boiling 
dilute HClAq, tne two others dissolve in acids 
forming obromio salts, CrX, (v. Chromium, salts 
of). The hydrates are sol. in KOHAq, W on 
standing or boiling thoy are reppd., and the pps. 
contain alkali; they are si. sol. inNH,Aq,butare 
reppd. on boiling. 

The hydrates Cr^Os-xH^O react towards acids 
as salt-forming hydroxides; but they also exhibit 
slightly acidic functions. Thus, the pps. obtained 
by adding KOHAq to solutions of chromic salts 
cannot be washed free from alkali even by hot 
water. Also, NH,Aq added to solution of a 
chromic salt mixed with a salt of Ca or Zn, &Om 
forms a pp. containing Cr^O, and CaO or ZnO. 
&o. (Pelouze, A. Ch. [3] 33, 6 ). Solution of PbO 
or ZnO in KOHAq, mixed with solution of 
CrjOj-xH^O in KOHAq, yields a pp. of M0.Cr,0| 
(Chancel, G. B. 43, 927). By long digestion of 
Cr 30 ,.xH 30 in cone. NHjAq a dark-blue com¬ 
pound of CfjO, with NH, is produced, insoL 
in water, but sol. in HClAq {v. Chromites ; and 

CUROMirM, AMMONIO-RALTS OV). 

Chromium, iodides of. Very little is kimwo 
regarding these compounds. None seems to have 
been definitely isolated (v. Walz, C. N. 26, 246). 
Moissan (A. Ch. [ 6 ] 25, 401) describes CrI,, or 
Gr 2 l 4 , as a white salti sol. in water with forma¬ 
tion of blue liquid; obtained by the action of 
HI, or I vapour, on heated Cr. 

Chromium, nitride of, CrN. Mol. w. un¬ 
known. » 

Preparation.~-l. Finelypowdered Or Is heated 
to whiteness in N; the metal is again powdered 
and boated in N, and this process is repeated 
several times. Unchanged Cr is dissolved out 
l>y oono. HClAq (Briegleb a. Geuther, A. 123, 
228).—2. CrCl, dried at about 120® is strongly 
heated in dry NH» the process being repeated 
several times; the residual CrCl, is removed bv 
long' digestion in oono. HClAq in contact with 
Sn (CrCl, is formed and dissolved); the product 
is washed, and dried at 100°-120® (Ufer, A, 112, 
281; V. also Liebig, P. 21, 869; Sohrfitter, A* 
87,148; Gmelin, Cm. 4, p9). 

Properties and BeacUems. — Heavy, black, 
amorphous powder. Heated to about 1600‘* in 
absence of air, it is decomposed to Cr and K 
(Ufer, A. 112 , 281). It is unacted on by KOHAq. 

vS 
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by dilute acids, by cone. HClAq or HNO,, by H, 
by steam, or by molten NajCO,; a^iui i ajia dis¬ 
solves it slowly; cold cone. HjBO^ dissolves it 
with formation of Cr 2 (NII,).;(SOJ,.2411^0, and 
without evolution of N. Heatea in HCl gas, 
CrCls and NH 4 CI are formed. Slowly sol. in solu¬ 
tions of alkaline hypochlorites, with fo®nation 
of alkaline cliromutos and N; do(.oinj)ost'<l hy 
molten KNO3, or KCIO^, with fi)7iniition of 
K 2 Gr 04 and N (Ufer, i.c.); decompoMS lo 
N and II at red heat; unacted on by Cl in tlui 


ironstone. (For other methods of preparing amor¬ 
phous Or^Oa V. iiarian, A. 40, 203; Berthier, 
A. Ch. [2J 17, 66 ; BSttger, J.pr. 103, 314. For 
other niethods of preparing crystalline Cr^O, n. 
GenloJo, J.prFBi, 187; Frem;^ A. 40, 274; Mill- 
ler, P 127, 404 ; Otto, A. 142,102.) ^ 

Properties :Md Reactions ,—Amorpnoiia Cr^O, 
is a green powder, more or loss dark, according 
to the method of preparation. Crystalline Cr^O, 
loiins very dark green, lustrous, hexagonal crys¬ 
tals; as hard as corundum; isomorphous with 


cold, but when heated slight explosions occur, J'V O 3 and AhQj. CrjOj which lias been strongly 
and CrCl., and N are produced. i lu ated, or crystalline Cr^Oj, is llisol. acids; fused 

Chromium, oxides of. Three oxides ofiwjtli KNO 3 , or KHS 04 , K. 4 C 1 O 4 is formed and 
Cr are known, CrUj, CrOj, and CiO,; Cr, 04 , j dissolves in HjO. Amorphous Cr.,0.„ if not 
CrsO„, and perhaps an oxide higher tliaii C'rO., ' strongly licated, dissolves in yiost^acida to form 
probably exist. Cr./)j acts as a suU fouuing ebrounc salts CrXg. Cr^Og is not reduced by JI, 
oxide towards acids, and also shows feebly iioidic . and by 0 only when intimately mixed and 



this oxide is said to evolve Cl by tiie action of 
liClAq. Chronious oxide, Crf), is not known, 
but approximately pure CrO.II O (v. C’hkomium, 
HYDROXIDES of) lias beenprcjiared. Cr/), issaul 
to combine directly with 0 to form CrO^; it is 
readily oxidised in presence of alkali tocliroinaio 
M;Cr 04 , from which CrO^ is obtained. Cr^O, 
and CfjOg, if they exist, may be regarded as 
CrO.CroOj and 2 Cr 205 .Cr 03 , respectively; CiO^ 


lenled in H„S, Cr^Sg results (Iffoissan, hc.j. 

Coinhinaticms. —I. With water, indirectly, 
to {oiiu Cr .Oj-a’IIoO; v. Cuuomiuu, hydroxidks 
OF.--2. With several metallic oxides to form 
cnnipounds MO.Cr^Os; v. Chromites; under 
Chromium, acids or, p. 158. 

II. Chromium dioxide CrOj. {Chrotniitm 
tch oxide. Brown oxide of cJiroviium. Chromate 
of chrondnvi.) Mol. \v. unknown. This oxide 


is sometimes regarded as CrgOj.CrOa (r. Ciiko- is a product (1) of the oxidation of CrgOj, (2) of 
MiuM, ACIDS or). the reduction of CrO,. 

I. Cimouic OXIDE Cr^O, {green oxide of ' Formation. —1. By heating Or^Og in air, or 

chromium). Mol. w. unknown as compound has O, to about 400° (Moissan, A. Ch. [5] 21,243).— 
not been gasified. S.G. 4’91 to 5*01 (Playfair a. ! 2. By heating Cr20j.a;H30 in air to about 250° 
Joule, C. S. ATm. 3 , 67; Schroder, P. lOG, 220). ; (Kruger, P. 61, 219).—3. By the action of 
Schiff (44. 106, 114) givesS.G.6-2forcrystailisod cone. Cr.43S04Aq, or CrCljAq, on K.4Cr04Aq 
Cr^Og. Crystallises in hexagonal foiius; a:c > (?5K,Ci04Aq + Crj3S04Aq 
^1;1‘3682. S.U. (21°-62^) -177 (Kopp, T. 165, ; =3K'S04Aq-l-2KgCr.40,Aq + 3Cr0,) (Maus, P. t). 
71 ). ; 127; Beusch, P. 55, 98)t—4. By the action of 

Occurrence.—ks chrome^oclire \ in combina- i Na^SjO,A<] on K^CroO,Aq 
4ion with FeO in chrome-ironstone. | (? 2K2Cr .O.Aq Na^^S^O^Aq 

Formaiion.— l. By heating chromic hydrox- | =K. 4 Ci 04 Aq-fe K.B 6 ,Aq +Na 2 SO^Aq-l- 3 Ci 63 ) 
idc {q. V.).—2. By heating finely div ided Cr in 0. 1 (Popp, A. 156, 90). (For other methods v. Kopp, 
8 . ^y heating CrOg.—4. By heating (NH,),Cr 20 , , C. N. 11,16 ; Vogel, J. pr. 77, 482; Siewert, Z. 
orllggCr 04 .—5. By heating CrCl., in air. ;/. d. ges. Naturwiss. 18, 286; Sebiff, A. 120, 

Preparation .—1. A mixture of 6 jits. finely i 207; Traubo, A. G6, 106; Rammelsbcrg, A. 60, 


powdered, dry, K^CrgO,, and 1 pt. S, is heated 
to redness in* a crucible, and the product is 
washed with HgO until all K_,S 04 K^S 
are dissolved out (Lassaigne,.4. Ch. [3] 14, 299; 
Dietrich, W. J. 18GC. 273).—2. Equal parts of 
dry, powdered, K^Gr.jO,, and NH,Ci, are mixed 
with a little Na 4 CO„ strongly heated so long as 
any gas (N) comes off, and tlie residue is wa.dicd 
free from KCl (W 6 hler, P. 10, 4G; Bottger, A. 
47, 339).— 8 . Crystalline Cr^Og may be prepared 
by passing vapour of CrOgCl^ through a gl^s 
tube heated to low redness (WShJer, P. 33, 341); 
or by heating to bright rcd^ie.^-s, in a Hessian cru¬ 
cible, a mixture of equal parts of (fry, powdered, 
K-^CrjO, and NaCl, covered with a layer of NaCl, 
and washing the residue free from KCl and KaCl 
(Sohiff, A. 106, 114; 108, 30). The ciystalline 
oxide is also obtained by strongly heating the 
amorphous oxide in O (Sidot, C. tl. 69, 201); or 
by fusing the amorphous oxide with CaCO, and 
BGg (Ebelmen, A. Ch. [3] 22 , 211 ). Blako 
{Am. 8. [2] 10, 362) found crystalline CrjjOj in 
A furnace used for making £ 9 Cr 04 from chrome- 


203; Braun, J.pr. 90, 356; Oppenhoim, Bl. [31 
1, 165). 

Preparation .—NO is passed into warm dilute 
KgCrgO; Aq; CrO/s slowlyppd.: the solutionmust 
not become concentrated (? 2 KjCr 20 TAq + 2 N 0 
:- 2 KN 04 Aq + K 2 Cr 04 Aq-l- 3 Cr 02 ). The pp. is 
waslied with HgO, then with alcohol, and dried 
at 250° for a long time until the weight is con- 
stantiSchweizcr,*J. pr. 39, 2G9 ; Hintz, A. 169, 
3C7).*^ ‘ 

Properties and Reactions,—Dsik grey, almost 
black, powdy; very hygroscopic^ Loses 0 at 
300°; heatea in Cl to 250° a little CrgOgCljis 
formed; heated with HClAq, or ^ith mixture of 
HCIAq and HB 04 Aq, evolves Cl (Moissan, 
A. Ch. [ 6 ] 2i, 243); heated with KOHAq, out 
of contact with air, forms KjCr 04 Aq and CrgO, 
(Moissan, l.c.) ; not^actod on by PCI. (Hintz, A. 
1G9, 3G7). 

lU. CnBOHiuu TBzoxn>B CrO«. {Chromic 
anhydride. Red oxide of chromium.) Mol. w. 
unknown. S.G. 2-67-2*82 (Playfair a. Joule, 
C. S. Mem. 3, 67; Schafarik, Site. W. 47 [2Bd 
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part], 256). Oryetallises in triznetrio prisms; 
a:6:c=*7246:l:*6285. [Aboiitl80°J (Zettnow,P. 
143, 468). -S. (26°) 165 (Zettnow, Z.c.). 

Occurf&nci.— combination with PbO, CuO, 
<&o., in a minerals. 

Fomatw^.—Chromates, M.CrO,, are pro* 
duced by heating CrjOg with alkaline oxidisera, 
t.g. KOH, KNO„ KCIO;,; or by the action of 
oxiilisers—e.p. Cl, K„MnD^Aq-on Cr„ 03 .a:lJ .^0 
in KOHAq. CrO, is obtained from cliromates 
' by the action of strong acids. , 

Pr^mfion.—400grams commercialICCr.jO, 
are warmed with 500 c.c. IID and 420 c.c. cone. 

until dissolved; after 10-12 hours the 
mother liquords pmired oil from the crystals of 
KHSO,; the solution is kept at 80°-90°, 150 c.c. 
cone. H 2 SO 4 are added, and then KD drop by 
drop till the pp. of CrO^ has just dissolved; the 
liquid is evaporated until crystallisation begins. 
Afto 10-12 hours the liquid is separated from 
crystals of CrOj by pouring through a funnel in 
which is placed a tittle filter of thin Pt pierced 
with small holes. The mother liquor yields a 
second and third crop of CrO., crystals, by eva¬ 
poration. The crystals of CrOj are spread out 
on a porous plate, after 24 hours they are re¬ 
moved, 50 c.o.pureHN 03 Aq(H.(T,l' 46 ) aic added, 
and the whole is placed on another porous plate; 
if after 12 hours tli^f CrO, still gives reactions 
for H^SO, and K, 25 c.c. HNOsAq are added and 
exposure on a porous plate is repeated. Tho 
HNOj is now removed by warming the crystals 
in a basin, at first very slightly, then to a rather 
higher temperature (G()°- 80), until the crystals 
appear perfectly dry and fumes of llNOj arc no 
longer evolved. About 84 p.c. of pure OrO, is 
obtained (Zettnow, P. 143, 408; modilicatioii of 
methods of Bolley, A. 56,113, and Bunsen, A. 
148, 289). CrO, may also be prepared from 
PbCrO, by the action of cone. II^SO, (Schrottor, 
P. 69, 616); or by the action of HNOjA<i (Du- 
villier, C. B. 711); also from BaCrO^ (i)uvil- 
Vicr* l.c.)i also by the action o| moisture on a 
fluoride of Cr (?oxyfluoride ; v. Chuomiom fluou- 
IDE, p. 163) obtained by decomposing rbCr 04 
and CaVj by cone. H. 3 SO 4 (Unverdorben, N. J. P. 
9, 26; Berzelius, Lekrbuch [5th ed.], 2, 319). 

Properties. —Carmine-red, very lustrous, tri¬ 
metric prisms (Nordenskjuld, P. 114, 612); or 
loose, red, flakes. When melted at about 190° 
and solidified, appears as very dark red, metal- 
like, crystalline mass. Very sol. in H..0; 
[CrO*, Aq]«1,900 (Sabatier, C. B. 103, 267); 
S.G. of solution containing x p.c. CrO, at tempe¬ 
rature t (Zettnow, P. 143, 474) 
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Sol. in pure ether and in cold dilute alcohol 
(Zettnow, 2.C.). Solution ip water is acid and 
reacts with metallio oxides, <&c., to form salts 
M„Cr 04 (*>• Chkomio acid). CrO, is easily de¬ 
oxidised ; by action of acids it yields chromic 
salts CrX„ and gives up 0. 

Reactwns.^CtO, is very easily reduced. 
1 . CrOfAqis reduoM by hydrogen {Lxkdytigf A. 


162, 47).—2. Amorphous phosphorus heated to 
200° forms CrO^; P dissolves in CrO,Aq forming 
an acid phosphate of Cr (Oppenheim, Bl. [2] 1, 
165).—3. Potassnim or sodmm Tcdocea CrO, oa 
heating, probably to Cr.—4. Sulphur forms 
Cr.^S, a^d SOj (Moiasan, A. Ch. [ 6 ] 6 , 668 ).-- 
6 . Heated with sulphydric acid, Cr-^Sj, H,0, and 
S are formed (Harteu, A. 37, 350).—6. With 
haloid aqtieotts acids, halogen is evolved and 
CrX, formed.—7. Sulphurous anhydride has no 
action at 100'; at 180° CrO.^ and SO, are formed 
(Traube, A. 06,103); SO,Aq and CrOgAq form 
at first Il 2 S 04 Aq and CrO.^, and then Cr.g 3 S 04 Aq. 
8 . Nitric oxide reduce.s CrO, to Cr .,04 (Keinsch, 
J. pr. 28, 301; Wohler, A. 34, 236).—9. Ar- 
seniom oxide forma Cr-Ps and H 3 A 804 Aq with 
CrO,Aq.—10. Avivionia forms CrjO^, H^O, and 
N; light is prodyccd.—11. I’hospluyric chloride 
forms CrOjCI.^ and POCl, (Schill, A. 106,116). — 

12. Fenic chlunde heated with CrO, forms 
BejO., and CrOXl.,, (Oeuther, A. 106, 239).-- 

13. Heated with violet chromic chloride CrO,Cl, 
and Cr-P, are foAned (Gouther, A. 118, 69). — 

14. CrOsAq is reduced to Crp, by stanturus 

chloride, SnCl, and SnO, being formed.—16. Cold 
cone, sulphuric acid dissolves CrO, (it is said to 
bo quite insoluble in very cone, acid with 16-17 
p.c. Hp added); a compound CrOj.HoSO, is 
probably formed {v. Combinations, No. 2), but 
on heating, Cr 23 S 04 , or a basic Cr sulphate 
( 4 Crp,. 0 SO.,. 7 HpO 4 according to Cross a. Hig¬ 
gins, 0. J. 41,113), IB formed, with evolution of 
0.—16. CrO.,Aq is reduced by electrolysis to 
Cr, CrP,, and 0; 30,225 gram-units of heat are 
produced (Bavre, C.B. 73, 890 a. 936; Geuther, 
A. 99, B14 ; Buff, A. 110, 2.57).—17. Iodine dis 
solves in cone. CrOaAq; the products are un 
certain (Walz, C. N. 26, 245).—18. Oxygen, 
ozone, or pure dry chlorine, has no action on 
CrO, (Moissan, A. Ch. [ 6 J 5, 668).—19. Heated 
with Ciubon disulphide to 180° a little COS is 
formed (Armstrong, B. 2, 713).—20. Very many 
caihon compounds, e.g. CgH 4 , C^H,, C,Hp, 
C.Iip,, CJl^.CH,, Ac., are oxidised by CrO,Aq: 
a mixture of Kpr.P;, HPO 4 , and H,0 is gene¬ 
rally employed. • 

Combinatums.— l. With tizafer to form H,CrO, 
(Moissan, A. Ch. [6] 5, 668; v. Chromic acid, 
under Chromium, acids of). —2. According to 
Bolley {A. 60, 113) CrO, combines with sul¬ 
phuric acid to form CtOi-H^SO, (? HprSO,) •, 
it is prepared by adding crystallised CrO, to 
cone. HpO,, little by little, until no more is 
dissolved, and after some days collecting the 
brown solid matter and drying on a porous plate. 
8 . Schroder describes acompound with sulphuric 
anhydride CrOa-SSO, (P. 59, 616 ; v. also Gay- 
Lussao, S. 32, 447; Fritzsche, J. pr. 27, 252). 
4.* Moissan (G. B. 97, 00) says that the body pro¬ 
duced by the action of Hp.Aq on CrO,Aq, usually 
regarded as ^higher*oxide than CrO,, is really 
a compound of CrO, and HP,, viz. Gi' 0 ,.H 302 
(v. infra). 

IV. Other oxides of chromium. 

(i) The oxide Cr P,- corresponding to FogO,, 
NijO,, and COjO,—is said to be produced by the 
action of air-free KOHAq on CrCl,Aq, immediate 
washing the pp. with boiling water and drying in 
vacuo; it is scarcely soluble in acids; when 
heated it takes up 0 forming CrgO, HP^ligot, 
A. Ch. [3] 12, 639). By electrolysing Crd^q, 
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containing CrCSajOnder special oonditions, Bunsen 
obtained a black, amorphous, powder, insol. acids, 
oxidised by heating in air to Gr,Oa (P. 91, 619). 
This powder seems to have been ei^er a mixture 
ox a compound of OrO and Cr.O. (but o. Qeuther, 
.i. 118, 66 ). 

(ii) When CrO, is heated in air, or O, to a 
Uttle over 200 '^ (Oeuther a. Merz, A. 118, C 2 ), 
or when a rapid stream of CrO^Cla vapour is 

assed through a tube heated to above 200 "^, 

ut not to redness (Wdhler, A. Ill, 117), small, 
lustrous, dark'Violet, trimetrio prisms, S.G. about 
4, are obtained. According to Wdhler the com¬ 
position is Cr,0(; according to Oeuther Gr^O,. 
These crystals are distinctly magnetic, but lose 
their magnetism by heating in air; when strongly 
heated Cr,0, is formed. Insoluble in all acids 
including aqua regia ; slowly a(^d on by cone, 
boiling KOl^q; decomposed by molten KOH to 
CrjOj and KjCrO,. 

Traube (A, 66 , 108) describes two oxides 
Gr.O,, and Cr^O,,; but the existence of these as 
definite compounds is doubtful.^ 

(iii) WhenHjOsAq is added to CrO^Aq, or when 
a dilute, strongly acid, solution of Ba0.^iu IlClAq 
ie added to K^Cr^O^Aq, a deep-blue colour is pro¬ 
duced in the solution (Barreswill, A. Ch. [3] 20, 
864); this colour quickly disappears, 0 being 
evolved (Schdnbein, P. 108, 471). The blue 
compound is more stable in ethereal than aque¬ 
ous solution. BaO; is added to HCIAq, ether 
(free from alcohol) is then added, and then 
K^CrgOjAq drop by drop with constant shaking; 
the ether becomes deep azure blue, it is free from 
HCl and H,80«. The ethereal solution evolves 
O when evaporated, and GrO, remains (Aschoff, 
J. pr. 81, 401 a. 487). Ferrous salts are oxidised 
by blue ethereal liquid; alkalis decompose 
it to alkali chromates and 0 ; it is also decom¬ 
posed by F)Oj, GaCl,, MnO,, Pb 304 ,Hg 0 , Na, and 
by acids and bases (Moissan, C. E, 97, 96; v. 
al 8 oMartinon,£l. [2] 45, 862). Gcrtain alkaloids, 
a.g. strychnine and quinine, seem to form com¬ 
pounds with the blue-colourcd body; these com¬ 
pounds are, however, unstable. According to 
Asdhofl (J. pr. 81, 401 a. 471), for the formation 
and complete decompositiou of the blue-coloured 
compound £, 0 , reacts with K^CrjO, in the ratio 

i assuming the blue compound to 
be an oxide of Or with &e composition Cr.p„ 
the reaction in question might be represented as 

(1) K,Cr,OrAq -f HjO^^q f 2HCL\q ° 

2KGlAq + 2HjOAq +^r 30 , Aq ; 

(2) Cr,0;Aq-f 6 HClAq-f 4 H 20 ^q» 

CrjCl^q + 7H,OAq -t- 80. Fairley (C. N. 83,237) 
supposes that the blue compound is CrO„.3HO. 
Moissan (0. R. 97,96) obtained an ethereal solu¬ 
tion of the dark-blue compound containing 6 p.c. 
Cr; at — 20 *^ in vacuo deep indigo blue, oil^, 
drops were produced; by the action of Na, H was 
evolved, and by gently warfoing O «iv'aB evolved; 
the volumes of these gases obtained corresponded 
with those required by the formula CrO,.HjOj. 
The blue compound cannot be obtained by the 
action of ozone on CrO|Aq; it is formed during 
electrolysis only when H 3 O 3 is also produced 
(Moissan, 2.C.). 

Chromium, oxychlorides of. Various oxy¬ 
chlorides, or perhaps compounds of Cr,Oj, and 
GrClg, are obtained by evaporating CrGl|Aq at dif* 
ferent ten^peratures (p. 167)* Of the compounds 
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theoretically derivable from Gr 02 ( 0 H )9 by ff> 
placing OH by Cl, viz. GrOjOHC! and CrOjCl,, 
the second only is known; we first would react 
as an acid, th^K salt of this acid is known (o* 
Chloro-chromatei under CfAsouiuu, acids or, 
. 157). CrOtCl, easily parts witii <3 and Git 
eated in a closed tube Gr 304 Gl, is pfbduced. 

I. Chromvl CHLORIDE CrOjClj {Okhrochromio 
acid. Chlorochromic anhydride). Mol. w. 155-06. 
(115-9®) (Thorpe, O. J. 87,362). S.G. f 1-9617 
(Thorpe, I.C.). V.D. 78. 

Formation.—1. Equal parfg GrO, and FeCl, 
are heated together in a retort (Oeuther, A. 106, 
239).—2. GrO, and GrCl, are heated together in 
the ratio 2CrCl,:3CrO, (Oeuther, ri.*118, 69).—3. 
1 part CrO, and 2 parts PCI,Reheated together 
(Schiff, A. 106,116).—4. HGl is passed into conn, 
H 3 SO 4 containing GrO, in suspension {B. 10, 
1041).—5. HCl is passed over OrO, (Moissan, 
A. Ch. [ 6 ] 6 , 568). 

Prepare fton.—10 parts NaCl are fused w4th 
12 | parts E,Cr, 0 ,; the fused yiass in fair-sized 
pieces is placed in a retort connected with a well- 
cooled condenser, and 25 parts fuming HjSO, 
are added. The reaction proceeds without heat¬ 
ing (Thomson, T. 1827-159; Berzelius, B. J. 6 , 
131; Wohler, P. 83, 343 ; Etard, A. Ch. [ 6 ] 22. 
218). About 70 p.c. of the theoretical yield of 
CrO^Cl, is obtained; part of the CrO-jCl, is de- 
j composed by the acid to GfO„ Cl, and Cr^SSO, 
(Etard, l.c.). The distillate is redistilled several 
times in CO,. 

Properties .—A dark-red, mobile, liquid; 
fumes much in the air; dissolves Cl and I in 
largo quantities. The vapour absorbs all tlie 
light from a luminous flame except a narrow 
band in the red (Stoney a. Iteynolds, P. M. [4] 
41, 291). If the vapour is mixed with 0 and 
passed into a Bunsen lamp a violet flame is pro¬ 
duced, showing lines in the violet, green,yellow, 
orange, and rod, part of the spectrum (Gott- 
schalk a. Drechsel, J.pr. 89,473^;. CrO,CL is 
best kept in sealed glass tubes. *■ 

Reactions. —i. Easily parts with 0 and 0; 
acts as an energetic oxidiser and chlorinating 
agent, e.g. oxidises P, S, alcohol, tur¬ 
pentine, <&o., oxidises and olriorinates C,H. 
(forming C,HC1,0,),C,,H, (forming CioH^CL^OJ 
&c. (v. Liebig, P. 21, 359; Schrotter, A. 37, 
148; Heintze, J. pr. [2] 4, 211; Garstanjen, J. 
pr. [2] 2, 61).—2. Heated with PCI,, P0C1„ or 
PCI,, Ci'Cl, and Cr.^, are formed with evolution 
of Cl (Casselmann, A. 98, 213; Schiff, A. 102, 
111; Weber, P. 107, 376; Cronander, B. 6 , 
1466).—3. With 'water, CrOgAq and HGlAq are 
formed with piodaction of much heat.—4. De* 
composed, giving crystalline GrO„ when passed 
through a warm <« 6 e*(W 6 hlor, P. 33, 831).— 
5. Heated in a closed tuoe to 180^ CrgOgCl, and 
Cl are formid ^Thorpe, 0. J. [a] 8 , 31).—6. 
Iodine dissolves m CrOgCl,; on heating CrjOgClj 
and 10 are formed (Macivor, C. SV. 28,188).— 
7. Keacts with EClAq to form CrO 2 .OE.Cl (g. v, 
under Chbouateb) and HCIAq (P41igot, A. Ch. 
52,267).—8. With ]^CrO,Aq combines to form 
CrOa.OK.Cl (Geuther;il-106,240).—9. Burns in 
dry NH, to form NH 40 and CrOg (Bideal, 0. /• 
49,867). 

II. Triohrohtl oelobide OriOcGlt {Chro¬ 
mium chromato-chloride). Mol. w. unknown. 

Formation,—!. Potassium chloroohromata. 
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0 rOiOK .01 Is heated with cone. H^SO^; CrOiCla 
and Cr,0j01j are produced together (Zettnow, P. 
143» 828).—2. I is dissolved in CrOaOla, and the 
product is distilled (Maoivor, (7. 28,138). 

Preparation.— is heated in a closed 
tube for #Yerai hours to 180®, and the residue 
is heated in^iry CO^ to 120 ° to remove unchanged 
CrOjOlj (Thorpe, 0. J. [2] 8,31). 

Properties and Reactions. —A black, amor¬ 
phous, very deliquescent powder; heated in air, 

► 0, Cl, and CrjOj are formed; easily reduced by 
H to CrPa with evolution of 0 an^ Cl; dissolves 
in HClAq, Cl is evolved, and CrCljAq remains ; 
aqueous solution also gives off Cl on heating. 

HI. OxvqiiLorjoES from CrCljAq (Moberg, 
J. pr. 20, 175; I'fcwel, J. pr. 37, 38; P61igot, 
/. pr. 37, 476 ; Schiff, A. 124, 157; Ordway, 
dm. S. [2] 2(5,197 ; B 6 ohamp, A. Ch. [3] 66,306; 
57, 296). By evaporating CrCljAq at 120° a 
reddish residue, soluble in HU, agreeing with 
coAposition CrP:,.8CrCl3.24Hp, was obtained; 
this heated to 150° left a reddish-grey powder, 
CrP 3 . 4 CrCl 5 . 9 HP( = CrpCl 4 . 3 HP); when rnore 
strongly heated, and water added, a residue 
remained, 2 CrP 3 . 2 CrCl,( = CrOCl) (Moberg). 
CrpCh was also obtained by heating CrCl 3 .a;Hp 
to 150°-260°, and by long-continued digestion of 
CrPj.xHP with cold dilute HClAq (Lcewel; 
P 6 Ugot). 

CrOC1.3Hp wasobtained by addingBaO^H^Aq 
to CrCljAq until the pp. no longer dissolved, 
evaporating, treating the residue with alcohol 
(Bad-remained), evaporating to dryness at 100° 
and drying at 120° (Peligot); tho same com¬ 
pound was obtained by boiling CrCIsAq with 
CrPa-xHP (B 6 champ). 

Chromium, oxyfluoride of, CrO J'j. Said to 
be obtained by reaction between PbCrO^, CaF^, 
and H,SO* (u. Oliveri, O. 16. 218). 

Chromium, phosphide of, CrP. Mol. w. un¬ 
known. S.(J. 4’68. 

^ Formation.—1. By strongly heating CrPO^ 
with C (H. Rose, P. 34, 333)-2. By passing 
PHj over hot CrCl, (II. Rose, l.e.). 

Preparation. —Pieces of P are placed in the 
closed end of a tube of very infusible glass; dry 
K,CrO^ is placed at a little distance from the P. 
The KprO< is heated to redness; the P is then 
heated so that the vapour passes over the 
KprO*; much boat and light are produced 
during the reaction. The product is treated 
with HjO, which dissolves out K phosphates and 
leaves the CrP (Martius, A. 109, 82), 

Properties and Reactions. —A grey-black, 
crystalline, mctal-liko powder; insoluble in all 
acids; heated in 0 , burns to CrP 04 ; Ifcatcd in 
Cl, forms PCI 3 and CfCl^; oxidised by molten 
KOH with avolution of H, and molten KCIO, 
with evolution of Cl. 

Chromium, salts of. Compounds obtained 
by replacing H of acids by Cr. Two series of Cr 
salts exist; chromous salts CrX-, and chromic 
salts CrXs, where X = Cl <&o., ^ <ko., ^ &o. 

, 2 8 

The V. D. of two compounds of Cr, viz. CrO^Cl, 
and CrClj, have been determined; from this, 
and the S.H. of Cr, the value for the atomic 
weight of the element is found_ to be 62‘4: the 
simplest formulte that can be given to the salts 
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of Or (Cr«62‘4) are and OrXj, but thesu 
formulm do not necessarily represent the com¬ 
position of gaseous molecules. 

Chromous chloride, CrOl,, is the starting- 
point for preparing moat of the chromous salts ; 
these salts are red or blue, and soluble in water; 
they v^y quickly absorb 0 , becoming ohromio 
salts; wey also absorb KO, and also C 2 PE 3 (Ber- 
thelot, A. Oh. [4] 9, 385). The most stable 
chromous salts at present known are tlie sulphate 
CrSO^.TH^O, blue crystals isomorphous with 
FeS 047 H 20 ; the acetate Cr(C 2 Hj 0 j) 2 .H 20 , red 
trimetric prisma; and the oxalate CrC^O^, yellow 
crystalline powder, more stable than any other 
chromous salt. (For more details of individual 
salts V. Acetates, Carbonates, Borates, Oxaii* 
ATK8, Phosphates, Sulphates, Sulphites; also 
CllROUOUS BROMIDE, CHLORIDE, HtDROXIDE, SUL¬ 
PHIDE.) , 

The normal chromic salts, CrX,, are obtained 
by dissolving Cr 203 .a;H 20 in acids, or by double 
decomposition from soluble chromic salts ob¬ 
tained in this way; these salts may be regarded 
as derived from the hydroxide CrjO^Hg. Nu¬ 
merous basic salts also exist, many deriv^ from 
the hydroxide Cr 20 . 04 H 4 (u. Chromic hvdboxides). 
The staitiug-point in the preparation of chromic 
salts is usually KjCrjO,; a solution of this salt 
is heated with HClAq, or H 2 S 04 Aq, and a re¬ 
ducing agent (commonly alcohol or S 02 Aq); 
CrCl^Aq or Cr 23 S 04 Aq is thus obtained; addi¬ 
tion of NHjAq pps. CrjOj.xHjO, from which the 
chromic salts are obtained by the action of acids. 
Very many chromic salts exist in two forms, one 
violet to red, the other green. In some cases 
both varieties are known in the solid form and 
with the same composition, e.g. rod and green 
Cr, 3 S 04 ; in other cases only a violet salt is 
known in crystals, but a green solution is obtain¬ 
able from this. Aqueous solutions of most of 
the violet salts when boiled become green; 
many of these solutions become red or violet 
again on cooling, sometimes only after standing 
a long time. Only the violet, or red, solutions 
yield crystalline salts; the green solutions give 
amorphous, gummy solids on evaporation. Vari» 
ous hypotheses have been suggested to account 
for these colour-bhanges. The change does not 
seem to be due to hydration and dehydration 
(SchrStter, P. 63, 613), as dejiydrating agents 
do not effect the c^iange from red to green 
(Doyer van Oleefl, J. pr. [ 2 ] 23,68). The experi- 
ments of Kruger (P. 61, 218), Siewcrt (A. 126, 
94), and Doyer van Clecfl IJ.pr. [2] 23,68) seem 
to show that in some cases at any rate, e.j?. 
chrome-alum, ilio normal violet salt is partially 
decomposed, on boiling, into basic salt and acid, 
and that on cooling the normal (violet) salt is 
re-formed. Van Cleeff dialysed a green solution 
*of chrome-alum, and found the dialysate to con¬ 
tain free H 2 SO 4 , and the liquid in the dialyser 
excess of Cr-Oj; he also dialysed a violet solu- 
tion of chrome-alum, and found the same com¬ 
position in the liquid, both inside and outside 
the dialyser. The same chemist also found that 
the violet solution became green on addition of 
a little KOH, NaOH, NH„ or alkaline oartonate; 
and that a little acid suCBced to reproduce the 
violet colour. For details of individual salts v. 
the arts. Carbonates, Bobatbs, Nitbatbs, Sul¬ 
phates, (&0. (fee. 
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Chromiam, teleuideB of; CrSe and Cr^So,. 
Moiasan fC. B. 90, 817) describes those com* 
pounds as olack powders; Or^Se, obtained by heat* 
ing Cr^O, in Se vapour, or CrCl, in H..S 0 ; CrSe ob¬ 
tained by heating GT^Se, in H, or GrCl 2 in H^Se. 

Chromium, sulphides of, Cr and S oofnbine 
when heated together to form Gr.^S^; tlif same 
sulphide is produced by heating Cr^O,, CiCI., 
CrO„ &c., in H^S. No sulphide of Cr, but only 
Cr 203 .a;H 20 , is produced by the action of H^S, 
alkali sulphides, &o., on solutions of Cr salts. 
Cr^S, is reduced by H to CrS. The sulphide 
Cr^S^ has also been obtained. Phipson (C. 1^. 4, 
126) stated that a heptasulphide Cr^S. exists; 
but this has been disproved (u. Bender, B. 20, 
766). Compounds of CroS, with ZnS, MnS, FeS, 
Ac., are obtained indirectly, e.g. ZoS-Cr^Sj; 
CrjS, therefore resembles CrjO^ inasmuch as it 
acts as a feebly salt-forming sulphide towards 
more positive sulphides. 

l. Chbohio suLPnrnE CrjSa. Mol. w. un¬ 
known. S.G. 3‘77 (Schafarik, J. 18U3. 22;;). 
Preparation. Dry HjS is passed over CrjO, 
heated to about 440® ; the product is powdered 
and again heated in and finally washeil 
with H,0, and dried at 100“' (Moissan, C. It l>0, 
817). Cr^Sg is also obtained by the action of 
H,S on hot CrCl, (Liebig, P. 21, 369); or ou 
CrjSSO^ (Traube, A. 66 , 87); or by strongly 
heating Cr^O, in CSjiH. Rose); or K,,Cr,0, in 
C 82 (Schafarik,/.pr.90, 9; Muller, P. 127,404); 
or by beating Cr^Oj.xHjO with S, in absence of 
air (Berzelius). 

Properties and Peacfio?ts.—Brown-black, 
lustrous powder, steel-grey if fused; not attacked 
by acids, except HNO,Aq and agiia regui, wliich 
dissolve it. Heated in air, gives SO.^ and Cr_.Oj; 
in Cl, gives S-^Clj and CrClg; with molten 
KNOj, ^OrO, and KjSO, are formed; heated in 
H, gives off and S, and CrS remains (Mois- 
san, C.R. 90,817). 

CowWnaftotts.—Cr^S, is not acted on by 
KOHAq or KjjSAq; but by heating K^CrO^ with 
KjCO, and S, and washing with water, grecnisli- 
black crystals fS.G. 2*79) are obtained, which 
are easily soluble in HNOjAq; these are proba¬ 
bly ^compound of KjS and Cr^Sj (Kopp, C. li. 
19,1156; Schafarik,/. p*. 90, 9). By heating 
Gr(Os.a:1^0, MO.XH 2 O (or MjOj.xHjO), and S, 
in 8 vapour, and ihen in Cp^ until no more S is 
given off, Grdger {Site. W. 81 [2nd part], 531) 
obtained compounds of the form MS.Cr^S,,; 
M«»Zq, Fe, Mn. (v. Chromidm, tiiioacid of). 

II. Chbomods sulphide CrS. Mol. w, un¬ 
known. A black powder, produced by heating 
Cr,S| in H, or by heating CrCls in HjS at 440® 
(Moisaan, C.R. 90, 817). Unchanged by heating 
in absence of air; heated in air Cr.^Oa and SOj 
are formed; heated in Cl, gives CrCIa; scarcely 
acted on by acids. 

m. Chromium tetbasulphide CrjS 4 . Mol. w. 
unknown. A greyish-black powder;*insoluble 
in H 5 O; slightly soluble in oonc. HClAq, easily 
in oonc. HNO^q. Prepared by heating dry Cr A 
thoroughly mixed with excess of welI-powdere<i 
S in H until no more 8 is given off, again mix¬ 
ing with 8 and again heating in H (Grdger, Site. 
W. 81 [2na part], 631). 

Chromium, sulpboeyanides of, and derivatives 
of the>e compounds, v. 8 ui<phoctakidbs, under 
Cyabides 


Chromium, thioaoid of. No tbioaoid ol^ Cr 
is known; but Cr^S, behaves towards some more 
positive metallic sulphides as a salt-forming 
sulphide; in tj^s rbspect it may be regarded as 
the thioanhydride of kypotheti^l thiochroinous 
acid, Il^Cr^S,. Grdger {Site. W. 81 [Had part], 
.581) obtained the thioohromiteas ZnCr.jB,,' 
I'VCr.S,, and MnCr^S,, by heating mixtures of Cr 
hydroxide and hydroxide of Zn,Fe, or Mn, with 
S, for some time, tlicn powdering and heating 
in S vapour for several hours, and finally boating 
ill CO, until S ras no longer uiven off. These 
tliiocliromites are dark-brown or black iiowdors, 
insoluble in H,0 and HClAq, soluble in UNO ,Aq 
and aqua regia. M. M. P. M. 

CHROMIUM GROUP OF ELFMEtITS.~C/< ro- 
mium, Molyhdefmm,'Iungiit>;a, Uranium. —These 
four metals were discovered towards the end of 
the eighteenth century. None of them is found 
in the free state in nature, and the minerals in 
which their salts occur are all comparativily 
rare. Chromium was obtained in 1797 by 
VaiKpielin from a mineral no^ known to con¬ 
sist chielly of lead chromate; in 1782 Hjolm 
prepared molybdenum from an acid earth-hko 
compound, which Seheele had obtained four 
yrars earlier from molybdemim-glance, a sub¬ 
stance until then supposed to hu the .i.imc as 
gaicua; three years after the preparation of 
molybdenum a new metal \v;c^ obtained by the 
brothers d’Elhuyar, by deoxidising an acid which 
they had prepared from the iniiicial wolframite. 
This acid was shown to be identical with that 
which Sclicelo had made in 1781 from the 
Swedish mineral tungstein, hence the new metal 
was called tun';>^t<'n, or by some chemists wolf- 
: ram. Uranium was the name given by Klapioth 
! to a new metal obtained by him 1789 from 
! pitchblende. 

I Chromium, molybdenum, and tungsten are 
I obtained by reducing the oxiilcs of these metals 
i by carbon at a high temperature ;*uranium is 
preiiared by removing chlorine from the chloride 
by means of sodium. These metals are very hard 
j and very infusible; uranium is fairly malleable; 

I the others are brittle. The table on p. 169 pro- 
j .sents the jirominont physical and chemical jiro- 
I pertics of the chromium inolals. 

1 General formuhe and character of salts. 

‘ M(),M.O„.MO.,.MO,; MS. M..S„ MS,, MS,, MS,; 

! MCI,, MCI,, MG1„ MCI,,, MCI,,; H,MO„ H.M,0„ 

I Ac. The lowest oxides, MO, are scarcely known; 

I hydrates of tliese oxide.s, when M = Cr or Mo, ap- 
I pear to exist; u few chroitious salts, e.g. 

I CrSOJHp, exist, but arc unstable, and easily 
I become chromic salts. Sestiuioxides, M^Oj, of 
' Cr and Mo afe known; ^0 former dissolves in 
acids with production of well-marked salts, the 
chromic salts, Cr^lNOj, Ci,_, 2 P 04 , Ac.; 

the latter is easily oxidised to MoO^, when moist 
it dissolves in acids, but no dehnil^ salts have 
been obtained from such solutions. Dioxides, 
MOj, of all the metals of the group have been 
; prepared: of these, CrO^ is the least stable to- 
' wards heat or the actvm of acids, it parts Nvith 
oxygen at 309®, and dissolves in acids apparently 
without deoxidation, but without producing defi¬ 
nite salts; M 0 O 3 and WOj also dissolve in acids 
and produce salts, which, however, have scarcely 
been obtained in definite orystalliae form; the 
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aol^Hont of MoO, readily take up oxygen from 
the air; both oxides, wlien heatod, are oxidised 
to MO#; UOj dissolves in acids to form a series of 
ijranouB salts, U(SOJa, which are fairly easily 
oxidised to uranyl salts, e.g. UO^llO*; when this 
oxide is i^ated it necomcs UjOh. The oxides MO, 
are all amydrides; the mono-Iiydrated oxides 
MOjHjOisrljMO^) act as dibasic acids, forming 
salts X 2 MO 4 ; several series of salts derived from 
more complex hydrates of MO, are also known, 
e.g. XjM.sO,, XjM^Ojo, X.M.O,,, itc., in the case of 
each metal except Or these di- tri- or tetra-salts 
are moro distinct)|f marked than the salts X,MO^. 
Tho anhydride CrO, combines with some normal 
salts, e.g. K 2 Cr 04 Cr 0 a, and also with a few anhy- 
dvidns, e.g. CWO,.3SO,; when dissolved in warm 
acids it forms chromic salts (Cra 3 S 04 , <kc.) with 


evolution of oxygen. The anhydrides MoO, uid 
WOj form a series of complex compounds with 
anhydrides and water; e.g. 

P,O5.20Mo0,.38H2O ; Si02.12MoO,.26H,0 ; 
P,0,,24W0j.6H20; P,0,.22W0,.€Hj0, &o. * 0 .; 

MoO, |l 80 combines with SO, to form M 0 O 3 SO, 
(? MoOjSOi). Tho anhydride UO, dissolves in acids 
to form uranyl salts, e.g. UOjSO^, UO^INOs),, <kc., 
which aro moro stable than the uranous salts 
derived from UOj. The metals of the chromium 
group form sevoral other oxides intermediate be< 
tween those briefly described, e.g. Cr^O, interme. 
diato between Cr^O, and CrO,, WjO, and W 4 O,, 
between WO, and WO„ and 0,0, between 
UO., and UO,: there are also indications of the 
existence of a moro oxidised oxide than CrO, 



CnuuMiuM. 

. MoLYnm.KUM. 

Tu.vosten. 

UOANIUK. 

Atomic 

Weights. 

62-i. 

05-9. 

183-0. 

239. 

One or more compounds of each clement have bc^ gasified; specific heats have 
been directly determined. Molecular weights unknown. 

Melting 

points. 

Abo\o m.p. of Pt 
(which is 2000'^- 
2500'^). 

Infusible at full 
white heat* 

Softens and agglo¬ 
merates at white 
heat. 

A full red-heat. 

Spec. grav. 

^ 0-0 6-8. 

8-5-3-6. 

18-2-19.2. 

18.4-187. 

(approx.). 





Specific heats. 

0-10 (?too low). 

0 o(;fi 

0-0334. 

0028. 

Atom, weight. 

7-7. 

11 - 3 . 

9-7. 

12 - 9 . 

Spec. gray. 
(approx.). 





Occurrence 

Occurs chiefly as 

Occurs in small 

Occurs very spar- 

Sparingly distri- 

and 

chromo - iron- 

quantities as ox- 

ingly as tung- 

buted as oxide in 

preparation. 

Ltonc,PcO.Cr.,08, 
in which PeO is 
moro or less re- 

ide and sulphide, 
also as lead or 
cobalt molyb- 

state ■ of Ca, of 
Fo and Mn, and 
of Pb, also as 

pitchblende, as 
uraniteof Caand 
of Cu, as carbon- 

* 

placed by MgO i 

date; obtained 

oxide; obtained 

ate of U and Ca 

• 

Ac., and Cr^Oiby 
AiPj Ac.; al^ as 
lead chromate, 
Ac.; not widely 
diffused; ob¬ 

tained by deoxi- 
dising Cr.O, by C, 
or removing Cl 
from CrCl, by 
means of E or Zd, 
or by electrolys¬ 
ing a solution of 
CrCl, oontaining 
CrOl,. • 

by reducing the 
oxide or chloride 
by 11, or the ox¬ 
ide by C or by 
KCN. 

by reducing the 
oxide or chloride 
in hydrogen. 

» 

1 

Ac.; obtained by 
reducing the 

chloride by 

means of sod'psa. 

Physical 

Very hard; brittle;' 
crystalline pow- 

Aslfen-grcypowder, 

Resembles iron in 

White, loetroai; 

properties. 

or, when com¬ 
pressed, a silver- 
fike, lustrous, 
hard, brittle, in¬ 
fusible metal. 

colour and lustre; 

hard, softer than 

• 1 

• 

der composed pf 
small, brilliant, 
tin-white crys¬ 
tals (? rhombo- 
hedia) ; descrip- ; 
tions of proper- 1 
tics differ oonsi- 1 
dcrably, probably 
the metal has not | 
been obtained in 1 
approximate pu* 
ruy- 1 

very hard, and 
brittle; also ob¬ 
tained as & brown 
amorphous pow¬ 
der; forms a very 
hard durable 

alloy with iron. 

steel; somewhat 
malleable, but 
cannot be beaten 
into tliin plates; 
also obtained as 
a grey - black 
powder. 
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Ohboscidsi. 


UOLTBDRNDM. 


Tukostsh, 


Urikittm. 


Chemical Bums in stream of 
fro^erUes. 0 ; somewhat 
more stable in 
air than iron; 
heated in air be¬ 
comes covered 
with very thin 
film of oxide; 
oxidised by mol¬ 
ten KNOj or 
KC10„but not by 
molten NajGO^; 
easily dissolved 
by dilute HClAq 
or H.^SO^Aq, hyit 
not attacked by 
hot concentrated 
HNO,Aq; com¬ 
bines easily witli 
Cl and 1 when 
heated; decom¬ 
poses steam 
slightly at a red 
heat; forms a 
well-marked cy¬ 
anide CrCys. 
Replaces H of 
acids forming 
two series of 
salts; trioxidc 
acts as an anhy¬ 
dride, forming 
chromic acid 
H.CrO^, from 
which many salts 
are obtained; 
Gr^O, also forms 
salts (chromites) 
by heating with 
ZnO, &c. Atom 
of Cr is trivalent 
in CrCl,. 


Not oxidised in air 
at ordinary tem- 
pofature, but 
burns at low red 
heat; unacted on 
by HCl, HP. or 
dilute HjSO^Aq; 
dissolves in 
cone. HjSO^; 
oxidised to MoO, 
byHNOjAq; oxi¬ 
dised by molten 
KOH, but not 
attacked by hot 
KOHAq; com¬ 
bines with Cl to 
form MoCij when 
heated; albO 
with Br to form 
MoBrj and 
MoBr^, but not 
with 1 ; forms a 
nitride (?MojN.,) 
when M 0 CI 5 is 
strongly heated 
in NHg. Salts 
in which H of 
acid is replaced 
by Mo scarcely 
known; M 0 O 3 
acts as anhy¬ 
dride of HjMoO^, 
from which acid 
several series of 
salts are ob¬ 
tained ; MoO, 
also combines 
with acid radi¬ 
cles, e.g. SO,, 
PjOj.&c. Forms 
many oxyhaloid 
salts. Atom of 
Mo pcntavalent. 


Unchained in or¬ 
dinary air, but 
burns in air at 
red heat; com¬ 
bines with G1 
only at a high 
temperature, to 
form^WClu; dis¬ 
solves in boiling 
cone. KOHAq to 
form K tungstate 
with production 
of H; oxidised 
to WOs by hot 
HNO,Aq, 

11 ,SO,Aq. or 
IIClAq; forms a 
nitridamide, 
W,N2.W2NH„by 
heating WGl, in 
NHj. Does not 
appear to form 
salts byreplacing 
H of acids; WO 3 
is the anhydride 
of the acid 
HjWO,, which 
yields several 
series of salts; 
WOj also com¬ 
bines with acid 
radicles, e.g. SO,, 
SiO^tA’C. Forms 
many oxyhaloid 
salts. Atom of 
W penta- and 
hexa-valeni. 


Slowly tarnishes is 
%ir; o^dised at 
in air, 
with evolution of 
light and sparks; 
combines with 01 
or Br when 
heated to form 
^JOl, and UBr,; 
very slightly at¬ 
tacked by iodine 
vap(^; heated 
In S vapour 
forms US;.; dis¬ 
solves in warm 
dilute H.SO*Aq, 
with evolution of 
H, easily In 
HClAq, also in 
HNO.iAq (when 
melted and 
cooled it is 
nearly insoluble 
in riNOs); does 
not decompose 
water; a nitride 
(? UjN,) formed 
by heating UCI, 
mixed with 
NlLCl in NH,. 
Forms two series 
of salts, uranous, 
e.g. U(S 04 )..., and 
uranyl, salts, e.g. 
UO,(SO,) ; U 6 , 
is the anhydride 
of H 2 U 0 ^, from 
which several 
salt^ are derived, 
the most marled 
being M^U^O,. 
Atom of U tetra- 
valent. 


(7Cr,0,), flmd the oxide is said to have been 
obtains in the hydrated state. 

The sulphides MS^ (M»Mo, W) are acidic; 
sulpbo-salts of the form H^MS^ are known. 

Of the haloid compounds of these metals the 
following have been obtained as gases: CrCij, 
MoGl^ WCls, WClj, UCI 4 , UBr,; the formula) of 
these compounds represent the relative masses 
of their molecules. It is said that GrF, has also 
been |>repared in the state of gas, but the e^- 
dence is very doubtful; the oxychloride GrOjCu, 
is an easily gosifiable body. Of the haloid com¬ 
pounds, CrCl, and UCl^ are*obtain^ by heating 
a mixture of Cr^O, and C, or of UO, and C, in a 
stream of Cl gas; the former compound is very 
stable, the latter is reduced by strongly heating 
to UG1„ which is again reduced to UG^ by heat¬ 
ing in hydrogen. When Mo or W is heated in 
chlorine, in the one case MoCl^ and the other case 
^VCl 4 iB produced, the other chlorides are ob¬ 
tained by heating these in H or in 00^ Ail the 
metals of this group readily form oxyhaloid salts. 


Chromic chloride is a particularly interesting 
compound; it exists in two varieties, one (green) 
soluble in water and scarcely erystallisable, the 
other (violet) obtainable in well-formed crystals, 
but with difficulty soluble in water; some other 
chromic salts seem also to exist in two varieties, 
e.g. the sulphate Gr^fiSO, (u. Cukomiuu, chlor- 
IDKB o|, p. 162). ‘At least seven series of double 
compounds exist containing chromium, am¬ 
monia, and acid radidie (Chrouium, amuomio- 
BALTS OF, p. 1^8). 4 

Of the four elements under consideration 
only Or and U form woll-mark^ salts by re¬ 
placing the hydrogen of acids; these salts are 
not, however, analogous in composition or pro¬ 
perties. Tho chromic salts are for the most 
part isomorphous w^^h tho salts of aluminium 
and the persalts of iron; the oompoiition of these 
three groups of salts is also similar, e.g. 
where M«Cr, Al, or Fo. Tho uranyl salts— 
UO.SO^iAe.—to a certain extent stand by them¬ 
selves, although we know of many so-called 
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baaio aalta of ohromiumt iron, copper, &o.,which 
resemble the urauyl salts in containing oxygen 
as well as metal and acid radicle. 

Of the trioxides, MO„ it may'oertainly be 
said that t^ most loidio in character is CrO„ 
and the leu^ acidic is UO|; this is in accord¬ 
ance with the general rule that the higher oxides 
of the elements in the same group (as group is 
used in the nomenclature of the periodic law) 
become less acid in character as the group is 
* aaceudod. 

The four elements all show dfstinct analo¬ 
gies with S, Se, and Te, which occur in the same 
givup but in odd series ; e.g. existence of acids 
MO,(OH),, and of anhydrides MO 3 , &c.; but 
these three elements are more distinctly non- 
metallio in their properties than Cr, Mo, W, or U. 
The elements of the chromium group, as well as 
the three elements S, Sc, and Te, show analogies 
with that element which is the first odd series 
merffber of the group, viz., oxygen [v. CiiAssiri- 
CATioN, p. 207; *lao Oxygen Group of Ele¬ 
ments. For detailed accounts of the proper¬ 
ties of the elements of this group and their 
chief compounds v. Chromium, Molybdenum, 
Tdngbten, XJramium, and for the other salts of 
these metals, v. Carbonates, Nitrates, Sul¬ 
phates, &o, M. M. P. M. 

CHEOMYL CHLORIDE CrO,Cl, t?. Chromium, 
OXYCHLORIDES OF, p. 166. 

CraUSOCREATININE C^H^N^O. A feebly 
alkaline substance said to occur in muscular 
tissue (Gautier, Bl. [2] 48, 18). Its solutions 
are ppd. by HgCL, by ZnCl„ by iodine dissolved 
in aqueous El, and by sodium phosphomotybdatc. 
It forms a deliquescent hydrochloride and a 
crystalline platinochloride. 

CHEYSAMMIDIC ACID v. Tetra-nitro-oxy- 

AMIDO-AMTURAQUINONB. 

CHEY8AMM1C ACID v. Tetra-nitbo-di-oxy- 

ANTHRAQUIMONE. 

CHRYSAHlLINE i.«. 

Oi^O-”' ■ 

I Diamido-phenyl-acridine. 


NH, 

[267^-270®]. A by-product in the manufacture 
of rosaniline. Discovered by E. G. Nicholson 
and investigated by Hofmann {C.R. 55,817; ■D.2, 
379), who prepared methyl ethyl and phenyl 
derivatives. 

Prej>aratio}i. — Commercial * phot^hino,’ 
which m ohrysanilme niftate, is dissolved in hot 
water, oooled^and slowljr added to dilute NaOH. 
The basosopeSatesasabrightyollo^^flocoulentpp. 
It is dried at 100'^ and crystallised from benzene, 
which retains iiomologues in the mother liquid 
(O.Fi 8 ohera.G. Kdrner, A. 226,177; B. 17, 203). 

Byoxidisingopp-tri-amidotriphe- 
nyl-methane r2:l)NH,.OgH..CH(C,H^.NH,[4:l])„ 
which is obtained by redudlion of the product of 
condensation of o-nitro-benzoio aldehyde with 
aniline. 

erties. —Golden plates (from benzene) 
C„H,jN„CflHa. The benzene of crystallisation 
is easily expelled. Golden needles of 0|,H|(N|2a<i 


(from alcohol). Much less soluble in alcohol 
than its homologues. When pure it does not 
clot together when heated with NaOH« In small 
quantities it may be distilled without decompo¬ 
sition. It dyes wool and silk yellow. 

Reactions. — 1. Heated with cone. HCl 
(8 vols.) %t 170®, NH, is exchanged tor OH and, 
on cooling, large red prisms of the hydrochloride 
of chrysophenol separate. These dissolve in 
NaOHAq, but on exactly neutralising, ohryso- 
phenol CjoH^N^O, separates as an orange pp., 
si. sol. water, ether, or benzene, but v. sol. alco¬ 
hol. From dilute alcohol it crystallises with 
2aq. It is a yellow dye and a strong base, form¬ 
ing aoid and neutral salts. It is insol. aqueous 
NaOOj, but sol. aqueous NaOH (0. Fischer a. 
G. Korner, A. 220, 181).—2. By diazotisation 
and treatment with alcohol it is converted into 
phenyl-acridine.* Chrysaniline (10g.) dissolved 
in HjSO, (60 g.) and water (4 g.) is well cooled 
and treated with nitrous acid gas in excess. The 
product (containing the diazo-sulphate) is slowly 
poured into boiling alcohol (600 g.). The alcohol 
is distilled oE and the residue mixed with water 
and distilled with steam at 200®-260®. Phenyl- 
acridine [181®] passes over. 3g. pure chrys¬ 
aniline gave 1 g. phenyl-acridine, or 40 p.o. of 
the theoretical yield.—3. Mel gives G„H,tMe,K,I^ 
which separates from water in red needles. NH, 
converts it into C 2 oH„Me,N,I, whence Ag,0 
forms a brown amorphous powder. 

EtI acts in the same way. 

Formation in the rosaniline melt: This can 
bo explained by two hypotheses: (1) That in 
the condensation of j}-toluidine (1 mol.) with 
2 mols. of aniline, together with the ordinary 
para-condensation producing rosaniline, a oon- 
densation simultaneously takes place which is 
partly ortho and produces o-di-j)-tri-amido- 
metbane, which by further oxidation yields 
chrysaniline— 



(2) That o-di-p-tri-amido-methane is produced 
by condensation of 1 mol. of o-toluidine with 2 
mols. of aniline. This latter hypothesis is the 
most probable and is supported by the above-men¬ 
tioned synthesis (Fischer a. KiJrner, B. 17, 203). 

Salts.- B'2HC1. — B'2HCl aq.—FHCl, — 
B'HNO,.-B'2nNO,. 

V Picric aoid compound 
B'(C„H,(NO,),OH), aq (at 100®). Red needles. 

ace C,,H„N(NHAo),.— 

Microscopic needles, dissolves in alcohol witti a 
blue fluorescence, nearly insol. water. It is 
nearly as strong a base as chrysaniline itself 
and forms salts which greatly resemble the 
corresponding salts of chrysaniline.—B'HOi: 
soluble yellow microscopic needles, dyes wool 
and silk yellow. — B'HNO,: sparingly soluble 
crystalline pp. (Anschutz, B. 17, 433). 

CHBYSANISIC ACID v. Di-mxtbo-aiodo- 
BENZOIO Aon>. 



m 


OHRYSAROBIN. 


OHHYSAEOBIN C„Hj.O, U. 
O.H.(OH)<°]“(OH)^O.H,(CH,)(OH) 

6 [170'>-178'’]. 

1 

C.H.(OH)<™ogj>C.H,(CH.)(OH) ^ 

Occurs id Goa powder (also called arrarobo 
powder) to the extent of about 70 p. c., from which 
it is extracted with CaH«. Small yellow lealkts, m. 
sol. benzene, CHC1„ and acetic acid, si. sol. alcohol 
or ether, insoh water. Insol. NH.Aq (difference 
from chrysophanio acid). By leading' air into the 
solution in EOH, chrysophanio acid is formed: 
CjoHj*0, + 202 - 2 C,ftH,oO^ + 3 H 20 . By distilla¬ 
tion with zinc dust it yields methylantbracene. 

Di -acetyl derivative. Light yellow 
leaflets. 

Teira-acetyl derivativ:^ [228^-230^]. 
Yellowish prisms; si. sol. alcohol with a blue 
fluorescence. By oxidation with CrOj it gives 
di - acetyl • chrysophanio acid (Liebcrmann a. 
Seidler, B. 11, 1603; il. 212, 20; c/'. Do Silva, 
Ph, [3] 5, 723; Holmes, Ph. [3] 5. 801). 

CHKYSATIC ACID C„H,,,N..O ,9 (Mulder, 
J.pr. 49t 16; .4.72,289) or C,(,H,^N^OK (Schunok, 
A. 66,240). An acid obtained by heating chrys- 
ammic acid with aqueous KOH. Sol. water. 

CHBYSATEOPIC ACID 1^02®]. 

8 , (hot watorj 1*8. An acid extracted by ether 
from an acidified infusion of the root or leaves 
of belladonna (KunZjAr. Ph. [3] 23, 722). 

Pale yellow trimetric prisms; may be sublimed. 
81. sol. cold water. Its alcoholic solutions ex¬ 
hibit green fluorescence. 

CHBY 8 AZIK v. Bi -OXY-ANTnKA.QUlNONE. 
0HBY8AZ0L v. Di -OXY-ANTHBACENE. 

CHEYSENE 0„H„ i.e. \ ! . Mol. w. 

828. [250°]. (above 360°). S. (alcohol)-037 at 16°; 
‘17 at 78°; 8 . (toluene) -24 at 18°; 6*39 at 100° 
^echi, B. 12,1978). V.D. 7-95 (calc. 7-89). 

Occurrence. —In coal-tar, in petroleum, and 
in the product of the dry distillation of fats, fir- 
wood. amber, and resins (Laurent, A. Ch. [2] 60, 
186; Berthelot, BU [2] 7, 30; J. 1867, 605; 
Pelletier a. Walter, A. 48, 345; Williams, J.pr, 
.67, 248; Adler, B.12,1891; Prunier, A. Oh. [5] 
17. 6 ). 

Formation. —1. By passing napbthyl-phenyl- 
ethane through a red-hot tube (Graebe a. Bun- 
gener, B.* 12, 1079).—2. The statement that 
chrysene is among tins products of the passage 
of t^nzene through a red-hot tube has been con- 
tradioted^erthelot, J. 1867, 605; Bl. [ 2 ] 7, 30; 
22, 437; v. Schultz, B. 6 , 416).—.3. Among the 
products obtained by passing benzone-azo-beiu- 
ene through a red-hot tube (Claus a. Buckert, B.* 
8.87). ^ 

Properties. —Colourless scales qy fiat tri¬ 
metric octahedra (from benzene) ; a-.h\c^ 
1:1*376:2*490; v. si. sol. alcohol, si. sol. ether 
and ooldCS}, m. sol. boiling benzene and HO Ac. 
The solutions as well as the crystals exhibit deep 
reddish-violet fluorescence. Hot cone. Il^SO, 
forms a blue solution (Liebermann, A. 158,209). 
CrOjin HOAc gives chrysoquinone ($. v.). By ex* 
haustive chlorination with SbCl^ it yields CCl^, 
CsCl, and per-chloro-benzene (Merz a.Weith.B. 
16, 2881). 


Picric acid compound 
C, 8 H, 3 CgH 2 (NO;j),OH. Beddish-brown needles 
(from crude xylene) (Galietly, G. JV.. 10, 243). 
Decomposed by alcohol. 

Di-nitro-anthroquinoCie compound 
C„H,2C„H,(N0,),0,. Formed # dissolv¬ 

ing greenish-yellow commercial anthracene [208°] 
(50g.) in alcohol (5 litres) and adding HNO, 
(30g. of S.G. 1*4), and boiling. Bed needles; 
V. si. sol. alcohol, other, and benzene. Tin and 
IdCi redu(5e the di-nitro-anthraquinone, setting 
free pure chryjJeno, wliich ma^ conveniently be 
prepared in this way. 

Di-chloro-chrysene C,bH,oC 1». [207°]. From 
chrysono and Cl. Soft white needles (from 
benzene); v. si. sol. alcohol; may be sublimed. 

Tri-chloro-chrysene CmllBCla. [above 300°]. 
Slender needles (from benzene). From chrysene 
and Cl at 170° (Schmidt, J.pr. [2] 9,270). 

Di-broiiio-chrysene OisHinBrj. [273°]. From 
Br and chrysene in CS^. White needles (fram 
benzene); v.sl. sol. all mcnstrqa. Not attacked 
by alcoliolic KOH below 180°. K^^CrjO^ and 
H^SO, oxidise it to chrysoquinone. 

Nitro-chrysone C, 9 lI,,NO,. From chrysene 
and UNO, (S.G. 1*25) at 100°. [209°]. Thick 
prisma, grouped in stars (from bonzenje). May 
be sublimed ; v. si. sol. alcohol, ether, and CS.^, 

Di-nitro-chrysene C,JI,„(NOJm [above300°], 
From chrysene and boiling* HNOj (S.G. 1*3). 
Slender yellow needles (from HOAc). V. si. sol. 
alcohol, ether, and benzene. 

Tetra-nitro-chrysene C,bH 9 (N 05 ) 3 . [above 
300 -']. From the preceding and fuming HNOj. 
Yellow needles (from IIOAc). Detonates above 
300°. 

Tri-bromo-di-nitro-chrysene C| 9 lI,(NOi)iBr,. 
Yellowish-red needloa. Sol. hot alcohol, less in 
C„H,, and ether. Prepared by the action of 
biomino on tetra-nitro-ohrysono (Adler, B. 12 
1894). 

Isomeride of chrysene [196]. A 

by-product in tho preparation of diphenyl by 
action of sodium bu bromo-benzenc (Schultz, A. 
174,229). Long needles (from alcohol). Is per¬ 
haps triphenylene (Schmidt a. Schultz, A. 203, 
136). 

Isomerido of chrysene (1) CigHij. [186°]. 
A product of the notion of AUCl,. on a mixturo 
of naphthalene and phthalic anhydride (Ador a. 
Crafts, C. It. 88,1365). Lamime (from ether- 
alcohol). Its bromo-derivative melts nt 112°. 

CHRYSETJDIENE. A hydrocarbon, obtained 
in small quantity in the distillation of aluminum 
(/3)-naphthol (Gladstone a. Tribe, C. J. 41,16). 

CHRYSIN Chrysinic acid. [275°]. 

8. (cold tlcohol) *66; (hot alcohol) 2. Occurs in 
tho buds of Popuius nigfa, P. pyramidalis, and 
P. balsamifera (Piccard, B. 6, 884 ; 7, 888 ; 10, 
176). The aldbholio extract, aftel successive 
treatment with lead acetate and H.S, is evapo¬ 
rated, and the residue recrystallisea from spirit 
and washed with alcohol, ether, CS*, boiling 
water, and boiling benzene. Tho residue is 
heated to 276°, and crystallised from spirit. 
Blight yellow plates. 'Insol. water, nearly insol. 
benzene, CSj, and chloroform. Aqueous alkalis 
form a yellow solution, but on boiling they split 
it up into pblorogluciu, acetophenone, benzoic 
acid, and acetic acid. Lead acetate gives, in 
ateoholio solutions, a pp. soluble in excesa 
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FejOl, gives a violet colour in alcoholic solu¬ 
tion. 

Bi-hromO'Cbrysin OisH^Br^O*. Formed by 
adding Br'to an alcoholio solution of chrysin. 
Felted mass of sil^ needles. 

Di-cbltfo-cbrysin. Needles. 

Bi-iodo-gbrysitt Cj^UKrO*. Formed by add¬ 
ing iodine and iodic acid to an alcoholic solution 
of chrysin. 

Bi-nitro-chrysin 0,.,Hj,(NOJ.O,. From chry¬ 
sin and HNO,. Large crystals (from hot HOAc 
or aniline). Forms an orange-red basic ammo¬ 
nium salt and a ytllow acid ammonium salt. 

Methyl derivative C,JI(,MeO<. Tecto- 
chrysin. [1G4°J. From chrysin,McI, and KOU 
dissolved in MeOI^. Exists iii poplar-bnds toge¬ 
ther with chrysin, from which it may be sepa¬ 
rated by means of its much greater solubility m 
benzene and chloroform. It is much less solu¬ 
ble in alcohol than chrysin. Large sulphur- 
yellow monoolinic prisms (from alcoliol); a'.bx 
=s 1^4:1:1-80; Insol. alkalis. It forms 

a di-bromo dcrivafive. 

Ethyl derivative [140'-']. 

Iso-aviyl dci ivaHve C,.,II„(CJI,,)0,. 1 
[125'-’]. Its di-bromo- derivative crystallises in 
needles. 

C»H.\ 

CHRYSOFLUOBENE C.jr,^ i.e. \ >C1I. 

t CJl/ ', 

[183'^]. Silvery glistening tables. V. e. sol. ; 
ether, chloroform, and benzene, less sol. cold j 
alcohol. Formed by healing chrysokotono with 
HI and P at 160“-100‘’ (J5amberger a. Kranzfcld, 
B. 18,1934). 

C.H.. 

Chrysofluorene alcohol t \CII(OU). 

C,.,1I,/ 

[107°]. Formed by reduction of chrysoketone 
with zinc and HCl (15. a. K.). White silky 
needles or glistening plates. Sublimable. V. 
Rol. alcohol, gthcr, and benzene, si. sol. ligroin. 
Its alcoholic solution is turned blue by addition 
of H.jSO,. Strong 11,80^ dissolves it with a 
reddish-violet colour. 

CHRYSOGEN C. 9I-3 to 95 p.o.; H 5-7 to 5 
p.c. [280°-290°]. S. (cold ben/.i.ne) -01; (boil¬ 
ing benzene) * 2 ; S. (boiling liOAc) *05; (cold 
nOAc) *01. An orange-coloured hydrocarbon 
contained in small quantity in crude anthracene, 
and separated therefrom byrepeated crystallisa¬ 
tion from benzene (Fritzsche, C. E. o 1, 910; Bl. 
[2] 6 , 474; Prunier, BL [2] 31, 29.’}). Orange 
tables with green lustre; may bo subiimed. 
Cone. H.^SO, dissolves it without change. Small 
quantities colour white hydrocarbons yoUow. 
Its solution is hieaohcd by sunlight. lyorms, 
with di-nitro-anthra(iuii\pno, a comjiound ciys- 
tallising in olive needles with golden lustre. 

CHRYS0(g.YC0LLIC ACIB « 

OjHi V 

j \C(OH)|CO;jH. White powder. Formed 

by boiling freshly precipitated amorphous ohryso- 
quinone with alkalis (Bamberger a. Eranzfeld, 
B. 18,1938). > 

CHRYSOIBINE v, Bemene-izo-m-phenylene 
diamine. 

C H 

CHRYSOKETONE I* *\cO. [130°]. Glia- 


teniug red needles. Scarcely volatile with 
steam. V. sol. the ordinary solvents. Formed 
by the oxidation of ohrysoglyoollio acid 
C H 

r ‘\c(OH)-COH with KAiO, and H^O, 

o„n/ 

(Bamberger a. Eranzfeld, B. 18,1933). 

CHRYSO-NAPHTHAZINE CaH„N, U 

yK 

CikH,X I Formed by mixing a aolu* 

tion of ohryeoqiiinono in aqueous-aloohollo 
NallSOs with an aqueous solution of naphthyl* 
cnc-o-diamine hydrochloride, sodium acetate, 
and acetic acid. Yellow microcrystalline pow* 
dcr (Liebermann a. Witt, B. 20, 2443). 

CHRYSOPHANIC ACID v. Li oxy-mkthvl. 

ANrnUAQUlNONK. 

CIIRYSOPHANIN. a white amorphous sub¬ 
stance said to bo contained in the aqueous 
decoction of senna leaves (Bourgoin, C. R. 73, 
1449). 

CHRYSOPHEHOL C,oH„N,0. Oxy^amido- 
))hmyl-acridine. Formed by heating chrysani* 
lino with UCl under pressure at 180'^, NHjbeing 
lephiocd by OH (Fischer a. Korner, B. 17, 205). 
8 .nail yellowish-red needles (containing aq). SI. 
sol. water, benzene, and ether, v. sol. alcohol and 
eaiistio alkalis. The hydrochloride and sul¬ 
phate form sparingly soluble yellow crystals. 
CHRYSOQiriNCNE C.bH.oOj i.e. C,oH,-CO 

I i 

C„H«-CO 

C,AC.O 

or I II 1 . Mol. w. 258. [235°]. Occurs 
C,.H,.C.O 

in American petroleum to which, according to 
Piunier [Bl. [2] 31, 2931, it imparts the blue 
fluorescence. Obtained oy oxidising chrysene 
with CrO, in IIOAc (Lieborraann, A. 168, 309; 
Graebe, B. 7, 782; E. Schmidt, J.pr. [2J 9,250, 
270). Orange plates (from alcohol); m. sol. 
benzene and IIOAc, si. sol. ether and CS^. May 
be Biiblimed. Cone. forms a deep-blue 

solution whence it is ppd. unaltered by water. 
Nall.SOg forms a crystalline compound, decim* 
posed by mucli water. 

Ucactimis.'-l. KMn 04 gives phthalic acid 
(Anschutz a. Japp, B,11, 211).—2. Distillation 
over zinc-dmt forms chrysene.—3. Aqueous SO., 
at 100 ° forms hydro-chrysoquinone. This 
body is also formed by the action of ainc-dust 
and aqueous KOII. It is jin amorphous white 
powder, re-oxidised by air at 200 °, or by shaking 
its solution in with air.--4. PCI 5 and 

pool, at 200 ° form di-chloro-chrysoquiiione and 
deca-chloro-chrysene.— 6 . Distillation with soda- 
Ume gives a hydrocarbon 0 ,gH,j (? phenyhnaph- 
waleue).— 6 . Heated with benzoic aldehyde and 
aqueous NH, in sealed tubes at 100°*it forms a 
product whi 8 h, if boiled first with alcohol and 
then with benzene, yields to the latter a body 
C^,,H, 4 N 0 crystallising in silky needles [259°- 
206°] which may be sublimed. The reaction is 
analogous to that of benzoic aldehyde and am¬ 
monia on phenanthroquinone (q.v.), hence this, 

body should be ^^CJPh (Japp % 

Streatfeild, C. J. 41,167). 
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Dl-ebloro-oliryfoqiiuioiie OieHyOl^Os. From 
ahrysene POOl, and PCl^ (2 mols.) at 200°; a 
yellow floooolent pp. Is then obtained by adding 
alcohol (L.). 

Bi-bromo-ehrysoqninone OisHsBr^O,. Bed 
leaflets. [160°-165°]. Prepared by bromination 
of chrysoquinone {Adler» B. 12,1893). < 

Di-nltro-chrysoquinoae 0 ,bH,(N 02 ) 30 j. [230°]. 
From chrysoquinone and HNO, (S.G. 1*4) (A.). 
Bed needles. 

Tetra.nitro-ohry8oquinone C,hH 6 (N 05 ) 402 . 
From chrysoquinone and cold cone. HNO,. 
Orange powder (L.). 

Chrysoquinone dUsulphonio acid 
C,gH,(S0,H)50,-—BaA" (A.). 

Di-oxy-chrysoquinono Chrys- 

eearin. [above 800°j. Said to.have been ex* 
tracted from crude artifioial alizarin (Claus, B. 
8,167). Dark brown needles with bronze lustra 
(from HOAc). Insol. cold water, sol. aloohol, 
ether, and alkalis. 

CHRYS0-T0LU-A2INE 

vNv 

C,,H„C I >0,Hj(CH,). Prepared by mixing a 

solution of chrysoquinone in aqueous-alcoholic 
NaHSO|, with an aqueous solution of tolylenc-o- 
diamine hydrochloride, sodium acetate, and 
acetic acid. Small golden needles. Sublimable. 
Dissolves in O'jnc. H^SO^ with a blackish-violet 
colour (Liebermann a. Witt, B. 20, 2443). 

CHBYSOTOLUIPINE (?). Found 

among the by-products in the preparation of 
rosanSine (DeLaire, Girard, a. Chapoteaut, C. li, 
63, 964). 

CICuTA OIL. The oil from the seeds of 
Cicuta virosa is of the same nature as Koman 
oil of chamomile (g. v.) (Trapp, J. pr. 74, 423). 

CICOTENE C,oH„. (160°). A dextrorotatory 
terpene in the essential oil obtained from the 
root of the water-hemlock, Cicuta virosa (An- 
kum, Z. 1869, 248). The same plant is said to 
contain an alkaloid, Gicutine (Polex, Ar. Ph. 
18,174; Wittstein, Buchtter's Bepert. 18, 10). 

CIMICIC ACID C^HohOj. Mol. w. 240. [44°]. 

Occurrence.—In tlie foetid oil ejected by a 
kfnd of bug Rhaphigaster punctipmnis when 
irritat*^. The insects arc washed with alcohol, 
and the residue extracted with ether (Carius, A. 
114,147). Oecurs also in spider's web (Valente, 
G. 12, 667). 

Properfics.—Prisms (from ether), lighter than 
water. Insol. water, v. si. sol. alcohol, ▼. sol. 
ether. Has a ranoed odour. 

Salts.—NaA'.—KA': amorphous. 

Chloride [c. 44°]. 

Ethyl ether BtA'. Oil. 

CllOCIC ALDEHYDE [72°]. Occurs 

in 8pider*8 web (Valente, Q. 12, 657). Redufea 
Fehling’s solution and ammoniacal AgNO,. 

CIHOHAHIDIBrE v. CmcHONx bares. 

CIHCHEKE \inchMdene. [125°]. 

Formed by treatment of oinohonihe or cinchon- 
idine with POL, and boiling the resulting cin. 
chonine-chlorideCjj^jCl or cinchonidine chlor¬ 
ide with alcoholic KOH. Trimetric tables aibie 
«• ♦6017:1:*6022. By heating with HCl at 220°- 
230° it is converted into apocinohene CigH^NO, 
MeCl and NH, being split off and H^O taken up 
(Comstock a. EOnigs, B, 14,1864; 17,1989). 

Methylo4odide Bldel: [186°]; monosym* 


metrical tables, a:6!e»l*6838:l:‘9114$ sol. 
alcohol, si. sol. water, scarcely so}, ether (Com* 
stock a. Koenigs, B. 18,1219). 

(a).Cincb^&e-di-broinide Oi^H^gBrsN,. [118°]. 
Formed, together with aboqf an equal quantity 
of (8)-cinoh6ne-di-bromlde, by th^addition of 
bromine to oinohene (Comstock a. ^nigs, B. 19, 
2866; 20, 2512). MonosymmetricaL crystals, 
a:6:c» *9570:1: *8686, 8-66° 62'. Converted by 
boilingwi^ alooholio KOHintodehydrooinohene. 
The hydrobromide forms concentrio needles; the ^ 
nitrate small colourless crystals, si. sol. dilute 
HNO,; the zinc-double Ohloride colourless 
needles [c. 250°]. 

(8)-Cinchene-di-bromide OisHgANjBr, [134°]. 
Formed, together with (a)-pinckene-di-bromide 
[113°], and in about equal quantity, by the addU 
tion of bromine to cinchene. Bhombio sphen¬ 
oidal hemihedral crystals, a:&:c = *5652:l:l‘2017. 
Somewhat less sol. alcohol and ether than the (a)- 
isomeride. Like the (a)-i8omerid6 it is con^jerted 
by boiling with alcoholic KOH into dehydrooin- 
cheiie. The hydrobromide fbrms granular crys- 
tals more soluble than the (o).hy drQbromide(sepa- 
ration). The zinc-double chloride forms colour¬ 
less needles [c. 250°]. The nitrate separates in 
the form of a jelly, si. sol. dilute HNO, (C.a.K.). 

Cinchene-bromo-hydride CijHjjBrNj. Hydro- 
hromcinchene. [106°-H6°]. Formed by dis¬ 
solving cinchene in cooledi^HBr and allowing to 
stand for two days. Monoclinic crystals, 
a:5:c •8541:1:'8280, 8 “63° 7'; isomorphoua 
with cinchone-di-bromido. V. sol. alcohol, ether, 
benzene, chloroform, and acetic ether, si. sol. 
ligroin (Comstock a. Konigs, B. 20, 2522). 

Dehydrocinoheno C,,H,8N,. [o. 60° hyefr.]. Ob¬ 
tained by boiling dehydrooinchonine chloride, 
0 ,eH, 9 N,Cl or (a)- or (j8)-omchene-di-bromide 
with alcoholic KOH. Long colour- 
less needles (with 3aq).—B"HjBr,: very soluble 
small prisms.—B"H^Cl,PtCl 4 : very sparingly 
soluble red tables (Comstock a.«KdnigB, B. 19, 
2857). 

Apocinchepe C,flH„NO. [209°]. Formed by 
heating cinchene with HCl at 220°-230° (Com¬ 
stock a. Konigs, B. 14, 1854; 17, 1986; 18, 
2379; 20, 2674). Colourless needles. Sol. 
alcohol, acids, and alkalis. The compounds 
which it forms with acids and with bases are 
dissociated by water. 

Reaciiems.—By fusion with KOH or NaOH it 
gives oxy-apocinchene C,gH„NOj. Its ethers 
are oxidised by CrO, to oinohonio acid; on oxi 
dation with ^ute HNO, they yield alkyl-apor 
cinohenio acids C„H|,(OR)N.CO,H. 

Salts.—B'HBr. [o. 256°]: yellow needles 
(from, alcoholic HBr).—B'HI. — B',H,PtCl,. 
[c. ^6°]. *’ The Ag salt is a nearly insoluble pp. 

Acetyl derivative C„H,kAcNO. [119°]. 

Methyk ether C„H,,(OMeyN: oil; v. sol. 
alcohol, ether, Ac., nearly insol. water. 
B'HCl 4aq: [c. 198°], orystallinMoUd. 

Ethyl effter 0„H„(OBt)N:[71°3; colour¬ 
less prisms. 

Bromo-apoclxiohene 0„Hj,BrNO. [188°]. 
From apocinohene diydrobronude in chloroform 
and HOAc by adding Br. Crystalline, v. sol. 
aqueous alkalis, bertzene, and chloroform, less 
sol. alcohol and ether. CrO, oxidises it to 
bromoform and oinohonio acid. Boiling alco¬ 
holic NaOH does not attack it 
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Oi'broDO'ftpoeinohene. Ethyl 6th$r 
0,6H,oBr,(OEt)N. [118°]. From ethyl-apooin- 
elicne (10 g») and’Br (15 o.o.) 

Oxy.apoalnoheiie O^H^NOr [v117°3. Formed 
by fusing apoom(^eoo C„H,g(OH)N with EOH 
or NaOH^onxstoch 4. Koenigs, B. 18, 2385). 
Colourless Crystals.' 'Y. sol. caustic alkalis, si. 
sol. odd alcohol and pure ether, nearly insol. 
water and dilute acids. 

Acetyl derivative C^HisAoNOj. [203°J. 

Hethyl.apocincheuic acid 
C„H„(OMe)N.Cq,H. [231°]. FoAned by oxida- 
tion of the methyl ether of apocinchene with 
dilute HNO, (Comstock a. Koenigs, B. 18, 2383). 
Colourless oi;ystals. V. sol. alcohol, acids and 
alkalis, nearly insbl. water. 

Ethyl-apociachenic acid C|,H,3(0Et)N.C02H. 
Formed by oxidation of the ethyl ether of apo¬ 
cinchene Ci(,H|s(OEt)N with dilate HNOj (Com¬ 
stock a. Kcenigs, B. 18,2384 ; 20, 2074). Crys¬ 
tallises from absolute alcohol in yellowish anhy¬ 
drous needles [lt»2 ]; from dilute alcohol in 
crystals (containing aq) [120°]. By heating with 
HCl at 130° it is split up into COj, EtCl, and 
homo-apocinohene C,;H,.,NO ®aq [185°]. 
The hydrobromide of horaoapocinchenoB'HBraq 
crystallises in yellow needles or prisms [222°] 
si. sol. water. Ilomo-apocinchene on fusion with 
potash gives an acid [230 ’] split up by heat into 
CO 2 and another acid C,,!! ,NO, (?) [223°]. 

Salts.-The Ag, Ca, Ba, Pb, Zn, and Cu 
salts are sparingly soluble. — AgA'. — 
(HA')2HPtCl6. 

CINCHOL OjaH^O. [139° water-freo]. Is 
found in all true cinchona barks but not in C. 

; in largest amount (up to 0*03 p.c.), 
along with some quebrachol, in C. Calisaya Var. 
Ledgeriana. Pound also along with cupreol. 
Helms’ ‘ Cinchocerotino ’ {Ar. Ph. [3] 21,279) 
was probal)Iy wholly or partly cinchol. Further, 
Liebormann^ ‘Oxy-ohino-terpene ’ {B. 17,871) 
is pmchol (Hesse). 

Prcparatwn.—From crudg cupreol, the 
acetate being separated by repeated crystallisa¬ 
tions from alcohol from the acetates of quobra- 
chol and cupreol (0. Hesse, i4.228,288; 234,37«5). 

Pritperties. Plates (containing aq) from 
alcohol. Lievorotatory in chloroform solution; 
[a]„=i -34'8° (in a (> p.c. solution). Its proper¬ 
ties are similar to those of cupreol. 

Acetyl deriva tive C,,jH 330 ( 0 . 2 lI., 0 ). 
[124°]. White needles from alcohol. M. sol. 
alcohol, V. sol. ether and chloroform. Lubvo- 
rotatory (in chloroform); [o]p““41*7° (in a 
4 p.c. solution). 

Propionyl derivative OjoH 3 sO(C 3 H 40 ). 
[110°]. Microscopic plates. 

CINCHOCEBOTIN C^H^Oj. [130°]. Pro¬ 
bably identi^l with the preceding. Deposited 
in tubes through which an alcoholic extract of 
South Ameiican calisaya bark and lime is 
passed (Helms, Ar. Ph. [3] 21, 279). Chromic 
acid gives acetic acid, butyric acid, and oincho- 
oerotio acid OioIirtO^ [72°]. 

CINCHOLEPIDINE v.\Py. 1) mbthyl.qdino. 

KINS. 

CINCHOLINE, Strongly basic oil. Volatile 
with steam. Occurs in the mother liquors from 
quinine. V. sol. alcohol and ether, less aol. 
water. The hydrochloride forma colourless 


quadratic plates. The oxalate ta siNtringly 
soluble in water (Hesae, B. 15,858). 

OINCHOMEBONIG ACID and lao-oinohome* 
ronic acid v. Pyridinr dz-oxbboxylio acid. 

CINCHONA BABK. Cortex Cinchona and 
Chinat Cortex PeruvianttSf Peruvian Barkt 
Ecorce^e Qumquvna,China rinde. —This name ia 
given to the bark of various species of Cinchona, 
which, with about thirty other allied genera, 
constitute the tribe Cinchonea of the order 
Rubiacea {v. Phannacographia, f. 338). They 
have been long known for their antifebrile pro¬ 
perties, which are chiefly due to the contained 
alkaloids, which are absent in all the allied 
genera, with the exception of Bemigia, some 
species of which contain them. 

These medicinal barks were first introduced 
into Europe from Peru about the year 1638, by 
the Countess o2 Chinohon, wife of the Viceroy 
of Peru (in whose honour the name cinchona 
was given to the genus by Linnosus), and being 
afterwards sent over by the Jesuits, acquired 
great celebrity for the cure of intermittent fevers, 
being known by tne names of Pulvis Comitesste, 
Jesuitious, Patrum, <fto. The cinchonas are 
natives of the mountain regions of South 
America, on the eastern slope of the Cordillera 
of the Andes and on the mountain ranges of 
Ecuador and New Granada, growing at eleva¬ 
tions from 3,000 to 11,000 feet, no species being 
known to inhabit the low alluvial plains. 

In 1853 an attempt was made by the Dutch 
Government to introduce the cultivation of cin¬ 
chona into Java, but at first great difficulty 
was found in obtaining seeds or plants of good 
qualities, owing to the extreme jealousy of the 
natives. 

In 1860 Mr. Clements Markham was sent by 
the Government of India to South America to 
collect seeds and plants, and after great difficul¬ 
ties he and his coadjutors succeeded in intro¬ 
ducing the most valuable species of cinchona 
into India, and Mr. C. Ledger, who was then re¬ 
siding on the west coast of America, also suc¬ 
ceeded in obtaining a supply of seed of the finest 
variety of the Calisaya bark. , 

The cultivation of the oinohonas thus intro¬ 
duced into the East Indies has increased to such 
an extent that much the greater proportion of 
the bark is now supplied from Ceylon, Java, and 
lndia,from whence upwards of 14,000,000 lbs. of 
bark wore imported in 1885. 

This cultivation has also been successfully 
introduced into Jamaica atfd elsewhere, in tropi¬ 
cal regions where high mountains give the re¬ 
quisite elevation, and in the natural home of the 
genus there are now largo plantations of oulti- 
vated oinohonas of the finest qualities. 

• In collecting the bark in the native forests, 
the trees are invariably out down, and the bark, 
when stripQpd off, ^ried either in the sun or on 
hurdles arranged over a fire in a hut. 

In the plantations of oaltivated bark, the 
system of cutting down the trees is adopted to 
some extent, but a far more economical method 
of harvesting the bark is by the pmoess of * re* 
newing,’ introduced by the late W. G. Molvor, 
by which a succession of crops of bsxk can be 
obtained from the same tree. For this purpose 
longitudinal incisions are made into tne bark 
and about half the bark removed in alternate 
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Btrips, leaving tlie remaining bark intact, and the 
Btem is then covered with moss. A fresh layer 
of bark is then formed from the cambium with 
Burprisingrapidity, and in a few months it attains 
the thickness of the original bark when several 
years old. 

It is remarkable that the renewed baCk is not 
only in most oases richer in total alkaloids than 
the natural bark but contains a far higher pro¬ 
portion of quinine, which appears to take the 
place of the less valuable alkaloids. Another 
more imperfect process adopted for renewing 
barks is to cut off the external layers with a 
spokeshave, but the results are rarely so good 
as in the former process, as it is ossonlial that 
the liber layers of the bark Bhoukl bo cut 
through without injuring the cambium beneath, 
which is more difficult to do in this manner than 
in the other system. ' 

Between thirty and forty species of cinchona 
have boon described, but most of them are of no 
practical value. Those used in pharmacy and 
in the manufacture of quininq^aro as follows. 

I. Yellow or Calisaya Bark. This is the 
most valuable of all the species of cinchona. It 
is found in commerce in quills formed by the 
contraction of the bark wlien drying, which arc 
covered with a rough epidermis. It was for¬ 
merly found also in flattened pieces, from which 
the epidermis had been removed, and which 
have been dried under pressure, and was then 
known as fiat yellow bark. 

n. Croton bark. Pale hark. Loxa bark 
yielded by 0. o^icinalis and the allied species, 
found in quills, with a rough blackish-brown or 
dark grey surface. This was formerly the chief 
bark used in medicine under the name of Peru¬ 
vian bark. It is largely cultivated and approaches 
the Calisaya in richness. 

IIL Bed bark, Cinchona Ruhra and Sued' 
fubra, so called from the red colour of the sap 
and of the mature bark. Owing to the vigorous 
growth of this species, it has been cultivatoil in 
India to a very large extent, and has been adopted 
in the British Pharmacopoeia for use in galenical 
pmparaUon. It is less suited for the preparation 
of quinine, owing to the great proportion of cin. 
chonidine that it contains. 

IV. Soft bark. Cohivibian and Carlhmicna 

bark, yielded By C. LuciiXnifolia and La^ictfolia, 
imported inquills or broken pieces, with a whitish 
shining epidermis, which scales off easily. They 
vary greatly in the quantity and quality of the 
alkaloids. ' 

V. Pitayo harks, yielded by C. Pitayensis, 
are imported in short curly pieces of a brownish 
colour, either bare or with a rugged whitish cpi- 
dermifl. They are rich in alkaloids, especially 
quinine and quinidine. 

VI. Cuprea hark, yielded by Bcmigia Pe- 
dunctUata. Altiiough not(;t true <^chona bark, 
thfp may conveniently be included here as tho 
only known species of any other genus that has 
yielded the cinchona alkaloids. It is imported 
u short quills and broken pieces of a deep red 
colour. The bark is of a very compact texture, 
of much higher specific gravity than the true 
emohonas. It gives with ammonia a purple 
solution of considerable tinctorial power. It 
contains quinine, quinidine, cinchonine, but no 
cinchonidine, and an alkaloid, cupreine, dis¬ 


covered by Paul and Cownley, which exists ia 
the bark in a combination with quinine, pta- 
viously taken for a distinct alkaloid, and desig 
natod homoi/Uinine, an allied species. B. Pur^ 
dieana yields no quinine, bot a new alkaloid 
called by tho discoverer, M. ArnauC, Cinohon- 
amine. • 

Along with these principal species are found 
in commerce the bark of a great number of 
species of Cinchona, most of which contain 
little or no valuable allcaloid, and also barks of 
allied generaf, especially oi^Ladenbergia and 
Kxosiemma. These barks contain none of the 
cinchona alkaloids. 

The organic constituents of ginchona bark 
are quinine, quinidine, cinchonine and cin- 
chonidine, and some isomeric modifications 
of these bases, quinamine, uncrystallisablc 
alkaloids, in some species aricine, paricine, 
and their congeners ; quinio acid, quinovin and 
einchotannic acid, cinchona red, colouring matter, 
wax, and fatty matter, a sma^ quantity of vola¬ 
tile oil, along with starch, gum, and woody fibre. 

The barks of some of tho allied genera also 
contain quinovin, einchotannic acid, and quinio 
acid. The ash of cinchona bark consists chiefly 
of calcic andpotassio carbonate, containing also, 
besides iron, a notable quantity of manganese. 
For detailed analysis vide Carles, Ph,. [3] 3, 723. 

The first chemical exalf^mation of cinchona 
bark appears to have been made in 178.^ by 
ilermbstddt, who obtained from it calcium 
quinate, which he designated as essential salt of 
quinine. Schneider in 1807, and Vauquelin iu 
1808, separated quinio acid from tho calcium 
salt. Quinotannie acid was discovefed by Deyeux 
iu 1793, and obtained in a more definite form by 
S6guin in 1797. Cinchona bitter and cinchona 
red were obtained from red cinchona bark by 
lleuss in 1810. The first discovery of the alka¬ 
loids was made by Gomes of Lisbon in 1811, who 
appears to have obtained cinchosine in an im¬ 
pure state; but its true nature was not ^dis¬ 
covered till 1820, when Houton-Labillardi^re 
drew attention to its alkaline reaction, and com¬ 
municated his observations to Pelletier and 
Gaventou, who in the same year succeeded in 
isolating first cinchonine, and afterwards qui¬ 
nine, and proved them to be true vegetable 
alkaloids. Tho isomeric modifications of those 
alkaloids were afterwards discovered and vari¬ 
ously named. Pasteur (0. R. 30,26; 37,110) re¬ 
duced those then known to four, quinine and its 
isomeride, quinidine, and cinchonine and its iso- 
merldc, cinchonidine, and also investigated tho 
isomeric modifications of these alkaloids pro¬ 
duced/ by the action of heat in strong acid solu¬ 
tion, viz. quinicine and cinchoniciue. Hesse 
has now investigated the whole subject, and has 
described vailous alkaloids which! however, with 
the exception of a modification of cinchonidine 
named by him * homo-oinchonidme,' and the 
recently mscovered hydroquinine, do not seem 
to have been isolated by other observers. 

Cinchona barlis are employed medicinally in 
the form of tinctufbs, fluid extracts, and infu¬ 
sions, and were thus used long before the dis¬ 
covery of the alkaloids, and, although it is to 
these bodies that the medicinal value is chiefly 
due, the einchotannic acid and other ingredients 
appear also to be of medicinal value. 
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Reaetiims of Oinehona bark.—Most salts of 
the oinohona alkaloids give a pnrple tar when 
strongly heated in a test*tube. especially if they 
are mixed with celluloee. The sadie reaction is 
observed when a bwk containing them is heated, 
and is vet^ characteristio. The test was pro¬ 
posed by GAhe, of Kasau, in 1868. Water ex¬ 
tracts a portion only of the alkaloidal contents 
of cinohona bark, and the oinohotannates of the 
alkaloids being more soluble in hot than in cold 
» water, a hot infusion becomes turbid on cooling. 
The solution obtained by treatment with acidu¬ 
lated water gives tne following reactions:—The 
alkaloids give a whitish precipitate with excess 
of caustic alkali, and with tannic acid, and a 
yellow crystalling precipitate with platinio 
chloride, if these precipitates are submitted to 
dry distillation, the characteristio odour of quinol¬ 
ine is observed. Of the acid constituents quino- 
tannic acid gives precipitates white with solution 
of ^latin, green with ferric salts, dirty white 
with tartar emeti^. Quinovic acid gives, with 
sulphate of copper, first a green colour and then 
a precipitate which, when washed, has a bitter 
metallic taste. Quinio acid distilled with sul¬ 
phuric acid and manganese peroxide yields a 
distillate of quinone; this test is proposed by 
Stenhouse [Mem. CJiem. Soc. ii. 22b) to distin¬ 
guish true cinchona bark. 

For the quanticative analysis of cinchona 
bark, various processes have been proposed, many 
of which give good results in practised hands, 
but in all of which success largely depends on 
details of manipulation only to be acquired by 
practice. The earlier processes depended on dis¬ 
solving out the alkaloids with hydrochloric acid, 
precipitating the alkaloids by caustic alkali. A 
great excess of acid is required for the extrac¬ 
tion of the whole alkaloid, and a great excess of 
alkali for the complete separation of the alkaloids 
from the cinohotaiinic acid which precipitates 
along with tkemby exact neutralisation. Bettor 
meMiods are those in which the salts of the 
alkaloids are decomposed in the bark by treat¬ 
ment with alkali, and the alkaloids then ex¬ 
tracted by suitable solvents. De Vrij {Phar- 
macograpkia, p. 365, and Ph. [3] 4, 241) recom¬ 
mends to mix 20 g. of powdered bark with milk 
of lime (5 g. lime to 50 c.c. water), dry the mixture 
slowly, stirring frequently. Then boil the dry 
powder with 200 c.c. alcohol of S.G. 0*830, pour 
of! and filter the solution, and boil again with 
100 0.0. alcohol, throw the whole on the filter, and 
wash further with 100 o.o. alcohol, acidulate with 
dilute sulphuric acid, filter, and distil, but not 
to dryness (water must be added if necessary), 
when all the spirit is separated the aoueor-^ solu¬ 
tion is filtered. The fiBrate and washings are 
reduced to 50 c.o., and while still warm treated 
with caustic Ibda in excess. AftOr cooling, the 
solution is decanted off and water added before 
throwing it oif the filter. It is then washed with 
the smallest possible quantity of water, pressed 
between folds of blotting paper, dried, and 
weighed. The weight is that of the total alka¬ 
loids in the bark. 

The process given in the British Pharma- 
copcsia, t 111, is also a good one, it is as fol- 
lov^g •—Mix 200 grams of the bark in fine powder 
with 60 grams of hydrate of calcium; moisten 
the powders with half an ounce of water, mix 
vot*. U. 


the whole Intimately; allow it to stand for kn 
hour or two, it will then present the oharactera 
of a moist dark-brown powder, in which th^e 
should be no lumps or visible white particles. 
Transfer the powder to a flask, boil for half an 
hour with three fluid ounces of a mixture of 
three volumes of benzene and one of amylio 
alcohol, decant and filter the solution, leaving 
the bark in the flask, boil again with the same 
solvent and decant as before; repeat the third 
time, and Anally throw the bark on the Alter and 
wash with the solvent. The filtrates are then 
shaken repeatedly with water acidulated with 
hydrochlorio acid till the alkaloids are all re¬ 
moved, the acid washings concentrated, and if 
the process given below for the separation of 
the ^kaloids is adopted, the alkaloids are pre¬ 
cipitated by excess of alkali. 

The process given in the German Pharma- 
copcsia is also eflioioot. 

The separation of the oinohona alkaloids 
depends on their relative solubilities in various 
reagents, but in most oases these do not difer 
so widely as to give a perfectly satisfactory sepa¬ 
ration, and the separation is made more ^ffiouit 
by the tendency of the alkaloids and their salts 
to form more or less definite compounds with 
one another. 

A convenient process giving fairly accurate 
results is as follows:—Treat the powdered mass 
of mixod alkaloids with ten times its weight of 
ether; this will dissolve the quinine and amor¬ 
phous alkaloid, and small quantities only of the 
other alkaloids; wash the alkaloids out of this 
ethereal solution by excess of dilute sulphuric 
acid, and neutralise after heating to boiling with 
diluto ammonia, using no more water than is 
necessary; the quinine will then, on cooling, 
orystaliiM out almost entirely as Bulpbate, whi<^ 
salt is almost insoluble in a cold solution con¬ 
taining ommonio sulphate. The crystals after 
filtration and washing with a small quantity of 
water are pressed between blotting paper and 
dried at 100*^. 73*4 pts. of the anhydrous salt 
equal 100 of tho hydrated crystals. The salt 
should be tested for cinebonidine, which may.be 
present in small quantity. The alkaloids con¬ 
tained in the mother liquor are then precipitated 
by alkalis, converted into neutral acetates, and a 
solution of potassium icvilido and asmall quantity 
of alcohol is then added; on standing quinidine 
iodide will crystallise out if present. Of this 
salt 100 pts. equal 71*8 of the alkaloid. A solu¬ 
tion of potassio-tartrate of sodium is then added 
to the mother liquor, and on agitation and stand¬ 
ing, tartrate of oinchonidine will crystallise out 
if any of that alkaloid has been dissolved by the 
ether; 100 pts. of this salt equal 80*4 of the 
a^aloid. Tho mother liquor now contains amor¬ 
phous alkali, which may be precipitated by a 
solution of sodio hydrate and weighed. The 
portion insoliiible in'ethermust be ^so converted 
into neutral acetates, and the solution tested for 
quinidine by potassio iodide, a few drops of spirit 
being added, and for oinchonidine by potassio- 
tartrate of sodium as above. If a considerable 
proportion of this alkaloid is present it will pro¬ 
bably contain a notable quantity of quinine, as 
ether fails to give a complete separation. Alter 
removal of any quinidine and oinchonidine present 
by those reagents, the solution contains the ein« 
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olionuie, which may be precipitated by caustic i ment is caused by dressings of lime. This qnen* 
alkali and weighed. Dr. do Vrij recommeivls ' tion is one deserving of much more investigj'tion 
that the quinine should bo precipitated from tlio than it has y^t received. D. H. 

solution of alkaloids soluble in other, as iodo- CINCHOITA BASES.—Quinine, Cinchonine, 
sulphate {Ph. [d] C, 461); in skilful hands this Cinchonidino, and Aricine are described in 
method of analysis gives accurate resists. In- separate articles. The existence otniany of the 
stead of commencing the separation of tne alka- following bases requires confirmation. In the 
loids by ether, Dr. Moens recommends that the names of these alkaloids qu is used before i, and 
neutral aqueous solution of the mixed alkaloids ch before any other vowel, 
be treated with eicessof solution of sodiepotas- Chairamine aq. [140°]. [233° 

sio-tartrate, which throws down the whole of when dry] ^1,,*= about+ 100°. In the bark of 
the quinine and cinchonidine as tartrates. The liemijia Purdieana (Hesse, A. 225,243). Named 
tartrate is then decomposed by alkali, and the j from because Hesse * rejoiced ’ at dis- 

quinine and cinchonidino separated by ether, | covering it. Slender needles (containing aq) 
the alkaloid dissolved in the ether being either (from dilute alcohol). Sol. ether chloroform, 
weighed directly as quinine or preferably con- Its alooholio solution is alkaline to litmus, 
verted into sulphate and weighed as such. Grc.at H^SO^, with or without MoOj, forms a colourless 
care must be taken in this case,to decompose the solution, turning dark green, 
tartrate entirely, to avoid underestimating the Salta.—13'HClaq. Needles.— 8 aq. 

quinine. — (BTICl)ortCl 4 2 aq. 

The method of estimating the relative pro- ConchairamiueC 23 H..rtN 204 aqEtOH. [82°-^6°]; 
portions of quinine and cinchonidino in the pro- B'aq [c. 110°]; B' [c. 120°] [«.][> (for B') = + 68*4 
cipitatedtartratesbydctermirfitionofthespecific i in 2 p.c. alcoholic solution. In the bark of Re¬ 
rotation of the polarised ray has been recora- j mijia Purdimiui (Hesso, A. 22.5, 216). It has 
mended by Drs. De Vrij and Oudoinans, but no . three melting-points according as it is dry, with 
published process for bark analysis gives tlio ! water of crystalli.'^ation, or with alcohol of crys- 
tartrate obtained direct from the crude mixed I taUisation also. Colourless prisms (containing 
alkaloids in a sufficient state of purity to give i aqEtOH) (from alcohol). Sol. ether and chloro- 
really trustworthy results by this method. | form. Cone. witj|i or without MoOj, 

The distribution of the alkaloids in the forms a brown solution turning green, 
bark has been the subject of careful observation. Salts. — B'HCl. — (B'HClj.PtCl^ 5aq. — 
It was first observed by Carles (PA [3] 3,643) B'HIaq.—BTISNCaq.—B^H.B0^9aq. 
that though quinine exists in all portions of the Methylo-iodide. —B'Melaq. Bed crystals, 

bark, it is contained in much larger proportion B'MoI .3aq. Colourless crystals, 
in the external and cortical layers than in the MethylO’Chloridc.—B'^eCl 2aq. Pla- 
internal liber layers, and his observation has tino-chloride.—(B'MeCl)jHCl(PtCl 4 ) 2 14aq. 
been confirmed by other observers. Chairamidine C, PI^,,N 204 aq. [c. 128° when 

On the otherhand, the corky epidermis found dry]. [o]„ = +7’.3° in 3 p.c. alcoholic solution, 
in some barks, specially in certain varieties of ' In the bark of Remijia Purdieana (Hesse, A. 
officinalis, such as the knotty bark of Jussieu j 225, 253). Amorphous powder, insol. water, sol. 
does not contain alkaloid. I ether, alcohol, benzene, and chloroform; solu- 

Alkaloids begin to form in the bark even when tion in cone. H^SO, slowly turns green. Animal 
very young, and increase in quantity until the charcoal removes it from solution in aceticfacid. 
bark is mature, the maximum yield being at- Salts.—(B'nCl) 2 PtCl 4 5aq.—Sulphate is 

tained at ages varying with the species and cir- gelatinous. 

immstances of growth—from five to fifteen years, Conchalramidine Cjon 2 aN 204 aq. [115° when 

or even later. The relative proportion of the dry]. [o]n= —60° in a 3 p.c. alcoholic solution. 
diBerent alkaloids also varies greatly in the same ■ In the bark of Remijia Purdieana (0. Hesse, A. 
tree. • ^ j 225,256). Crystalline. V. sol. etner, alcohol, 

The increase of the dextrogyrate alkaloids, I chloroform, benzene, and acetono. Its alcoholio 
qainidine and cinchonine, in the root barks is ' solution is neutral to litmus. In cono. H. 3 SO 4 , 
remarkable. This is specially the case in stunted ; with or without M 0 O 3 , the solution is dark 


or unliealthy treesi’n which the root bark is often 
exceptionally rich in alkaloid. As a rule a 
luxuriant growth of the plant is required to give 
the maximum of alkaloid, and therefore it is 
natural that manures should have a beneficial 
effect. Valuable experiments on this subject 
have been carried out by Mr. Broughton at the 
Government Plantation at Ootacamund (PA [3] 
8, 521). He found that a^great ifuprovement in 
the yield of quinine was caused by the use of 
guano, a greater by the use of ammonia salts, 
but most of all by the nse of farmyard manure. 
A series of experiments on renewed bark of 
C. succiruhra in Ceylon, on the other hand, 
showed a maximum of improvement from the 
use of bones; ammonia and cattle manure pro¬ 
ducing less improvement, the different result 
being, no doubt, owing to a different condition 
pi the soil. In some soils a very great improve- 


green. 

Salts. — Well crystallised. — B'HCl3aq. — 
(B'HCl) 2 PtCl 4 5aq.- B' 2 H 2 S 04 Uaq. 

Cinchamidine CaoHzuNjO. [230°]. [a]o = 
— 9^'4. Occurs in tho mother-liquors from 
homocinchonidine (rfesse, B. 14,1083; c/. Forst 


a. B6hring«^, B. 14, 1270; 15,^520). Colour¬ 
less plates, needles, or prisms. Bol. alcohol and 
chloroform, si. sol. ether, insol.^water. Has an 
alkaline reaction. 


Salts. — B'HCl2aq: trimetrio prisms.— 
(B'HCl) 2 ptCl 4 3aq: yellow amorphous pp. — 
B'H 2 Cl 2 PtCl 4 : orange plates. — Tartrate 

B' 2 C 4 HfOg 2aq: colourless prisms, si. sol. cold 


water. 


Clnehonainine [194°] (A.); 

[185°] (H.). fa]o *» +121° (1 pt. base in 60 pts. 
of 97 p.c. alcohol at 15°). 

Occurrence.—In Cinchona Purdieana {Ar< 
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Dsud, C. B. 93, 593; 97, 174; Hesse, A, 225, 
218 ; Planohon, J. Ph. [6] 6, 362). 

Properties. —Colourless hexa{|bnal prisms 
(Friedel, C. R. 105, 985), Sol. alcohol, etlier, 
chloroforni^CSj and benzene; si. sol. petroleum 
or water. Highly poisonous. Its alcoholic so¬ 
lution is alkaline and gives no colour with Fe^Cl, 
or Cl and NH,. In cone. HjSO, forms reddish- 
yellow solution, in cone. HNO, a bright yellow 
solution. In HCl it is insoluble, and on heating 
at 150° it gives no MeCl. • 

Salts.—BHCf.—B'HCl aq.—(B’HCl) ,PtCl,. 
^B'HBr.-B'ilL—B'HSCN.—B'HNO,. S. -2 at 
16°.--ByT SO.. [a]n= + HG-7° at 15° in 2 p.o. 
solution (II.) ;*«» -+*48'5 at 15'^ (A..). V. sol. water. 
B'II,SO, [«J„ = 31-G^ — B'H,S,.0,.- Tartrate 
Byi,CA- l*]5atl5°.-M'alateB'CJI.,0,aq: 
S. 1 at 15°—Citrate: prisms. S. I'OS at 10°. 

Acetyl derivative C,pH2,AcN.p. [80’- 
90°]f Amorphous. Sol. acetic acid, ether, alco¬ 
hol, and chloroform, sparingly so in dilute HCl. 
In cone. H .SO^ it lorins a pm pie solution, turned 
yellow by heat. Not saponilied by alcoholic 
potash. 

Di-nitro-cinchonamino C,[,IL.,(N0_.)2N.20. 
[118°]. Formed by treatment with IlNUj of 
S.G. I'OC. Explosive. Flocculcnt pp., sol. acetic ' 
acid, ether, chloroform, and alcohol, and in 
dilute IICl.-(C,„n.2.fNO.).N.,OHCl).,PtCl4. 

Methylo-iodxde B'MoTaq. 

McthylochlorideiyMiiOl—Cii'UeGiyVlCl^. 
The hydiutoB'McOHgivesmethyl-cinchonamine 
on boiling witli water. 

Methyl-cinchouamine CjJLiMoNp. [139°]. 
Amorphous powder, v. sol. alcohol, other, and 
chloroform, insol. water. Sulphoniolyhdic acid : 
is slowly turned dark blue by it. Forma a floc- 
culent platino-chlorido 
(C,„H. ,McN .OIICl) .PtCl, 4aq. 

J.'Hhiilo‘iodideWl']t]. Insol. water. Wlicn 
treated with A^a;Cl and PtCl^ successively it gives 
(B'E^Ci)2PtCl, 2aq. And with Ag^SO^ it gives 
(ll'Kt)_,s6^. When an alcoholic selution of Ji'Etl 
is boiled with addition of a little NaOII, ethyl- 
cinclionamine is formed. 

Ethyl-cinchonamine CmTIa-.EtN.O.aq. [75°- 
78°]; when dry it melts at [c. i40°]. Amorphous, 
resembling mcthyl-cinchonaniiue. Platiuo-chlur- 
ido: (C,.,H.,EtN.OHCO^PtCl^daq. 

Cincholine. An oily alkaloid which accom¬ 
panies quinine (Hesse, B. 15, 858). 

Hydrocinchonidine OisHj.N.O. [229°-2.80°] 
[«]n = 08-4 (in 97 p.c. alcohol, p = 2) (Forst a. 
Bohringcr, B. 14, 1270; 16, 520; 0. Hesse, B. 
14, 1893; A. 214, 1). Found in the mother- 
liquors from which oinchonidine sqlphq^e or 
homo-cinchonidine sulpljato has crystallised. 
Six-sided plates (from hot dilute alcohol) or 
short prisms firom strong alcohol^ Less sol. 
alcohol than oinchonidine or homo-cinchonidine. 
V. si. sol. ohloitoform, ether, or water. Freshly 
ppd. si. sol. ether, quickly separating again in 
six-sided plates. Alcoholic solution is alkaline 
and bitter. 

Beactions. —1. Its Bulphdto does not at once 
bleach EMnOf and shows no fluorescence.—2, 
Ammonia gives, in solutions of its salts, a fioo- 
oulent pp. becoming crystalline; in very dilute 
solutions a crystallke pp. after some time.—,3. 
Chlorine and NH, give no colour.—4. Cone. 
BjS 04 dissolves It without coioui.-6. Insoluble 


in KOH, baryta or lirae.-^ 6. HCl (S.G. M25) at 
160° has no action. 

Salts.—(Hesse.) B'HCl 2aq.—B'CNSH. — 
ByLPtCI^ 3aq.- B'HjPtCl,.- B'C^H.^O. (quin- 
ate). — B'jIl 2 C 204 . — B' 2 C 4 lI,^ 0 „ (tartratm. — 
BULS,€,aq.—B'HjSO,4aq. - B'.Ji.SO. 7aq. S. 
1*75 at 10°. [a]i,« —75*2° (in water, p^2)\ 
--93-8° (in 97 p.c. alcohol).— 

B'X..H 4 (OII)SO,H 5aq. 

Acetyl derivative C^.H^jAcNjO. [42°]. 
[a]n « - 29-5° (in 97 p.c. alcohol, p = 2); - 50'9° 
(in water with 3UCi, p = 2). Aniorplious hygro¬ 
scopic mass. V. sol. alcohol. Saponified by 
alcoholic KOII. Soluble in acids forming salts, 
e.g. C,„ll 2 ,AcN 20 H 4 rtCI^ 'iaq. 

Avioiphous hydrocinchonidine [ali,- 
-12° (in water with 3IICI,p = 2). Is formed by 
fusing the sulphate at 140°, and adding aqueous 
NaOH to the product. It is a brownish amor- 
phous base, isomeric with hydrocinchonidine. 
It is V. sol. other, alcoliol, chloroform, or acids. 
Its salts are amorphous, c.g. B'HXtCI„2aq. 

Di-cinchcnineCasH^^N^O... [40°]. [a]„= -i-66° 
Occurs in the bark of Cinchona rosule)ita and 
of 0. sncciiubra especially. Not present in the 
bark of G. Calisaya, var. Bohviana, and var. 
Ledqcriana, C. Tnciijcnsis or (7. Pelleticrana, 
or of Bemijia pcdunculata or H, Purdicana 
(0. llesRO, A. 227, 153). 

Properties. —Yellowish amorphous base. V. 
sol. ether, acetone, alcohol, chloroform, and 
benzene, less sol. water and light petroleum, 
insol. in aqueous NaOH. Its alcoholic solution 
is strongly alkaline and tastes bitter, gives no 
colour with Cl and Nil,, and is dextrorotatory. 

Salts.—The base dissolves in dilute acids 
and is reppd. by Nil, or NaOH as a resinous 
I)p.-B"2HCl.-B"2HCl.PtCl4. 

Reaction. —HCl at 150° converts it into di- 
npooinchonino, which is also formed from cin¬ 
chonine under similar conditions. 

Hydrocinchonine C,flip,N^O. [256°]. Occurs 
inC.ci/pjca{U('^;o, B, 15,855).—B"H.TtCl|,2aq. 

Cnichotine Cinll.iN^O. [277° cor.]. S. *07 
at 20°; S. (ether) •19 at 20°. Occurs in crud*) 
cinclionino sulphate (Willm a. Cavontou, A. 
Suiipl. 7, 218; Forst a. Buhringer, B. 14, 436; 
12(17; l5, 610; Skrnup, A. 197, 352; C. C. 
1877,629). Slender prisms and scales. Dextro¬ 
rotatory. On oxidation it gives cinchonic acid. 

Salts. — B'.JtjSO^ 12a(i: fine needles or 
in-isms. S. 3*28 at 13°.—B’fTNO, aq: tables.-- 
BTIC12aq: fine needle-^.-BH.OI..—B'HCI 2aq: 
S. 2’12 atO°.—i> llBr 2aq.--lj'iljBr^: prisms.— 
B'HIaq. — Snlphocyanido B'CNSH: long 
needles, si. sol. water.--Oxalate B'^HoC^O^aq: 
needles; S. 1*16 at 10'. — Tartrates 
B'^,HX»4nq: needles, sol. hot water.— 
1 j'i;C,H„ 0,2aq: prisms.-Benzoate B'OjH^Oj: 
needles, si. soL cold mter. 

Quinamine C.pHj^NA- [172°]. [a]o»93*5° 

(in a 2 p.c. chloroform solution), [«]„*= 104*5° 
(in a 2 p.c. alcoholic solution). S. *064 at 16°. 
S. (ether) 2 at 16°. Occurs in the bark of Cin- 
chona succirubra, and of many other species of 
cinchona (Hesse, A. 166, 260; 182, 168; 199, 
336 ; 207,288 ; De Vrij, Ph. [3] 4, 609 ; J. 1874. 
874). Obtained from the mother-liquor after 
quinine and cinchonine have been ppd. as tar¬ 
trates. Long prisms (from dilute alcohol). Dex¬ 
trorotatory. Its alcoholic solution is alkaline to 
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liimoB. AuOlj gives a jellowish pp. which soon 
tarns purple. Paper moistened with an acid 
solution of the suipbate is turned green, and 
finally blue, by C4O4. 

Salts.—B'HClaq: prisms.—^B'HjPtClg2aq. 
—B'HClO,.—B'HBr aq. -B'HI. S. X-4 at 10®.— 
B'HNO,. ^ 

Quinamidine Cj^H^NaOj. [93®]. [a]D = 4*5® 
(in a 2 p.c. alcoholic solution). Formed by the 
action of acids upon quinaniine (Hesse, A. 207, 
299). Nodules; v. 0. sol. alcohol. Not ppd. by 
NH, from acid solutions, but ppd. by NaOH. 
AuCl, gives a purple colour in solutions of its 
hydrochloride. — B'HCI aq. — B'^H^PtClg Oaq. — 
B'HBr aq.—Oxalate 4aq. 

Quinamicine C.^.Ns'Os' [109®]. [a]n = 3-8® 
(in a 2 p.c. alcoholic solution). Formed by heat¬ 
ing quinamine with dilute acids at 130® (Hesse, 
A. 207,3Q3). Amorphous, but gradually becomes 
crystalline. V. 0. sol. alcohol. Dextrorotatory.— 
B'jHjPtCl, 3aq. 

Protoquinamicine C,,H2oNjO... Formed by 
heating dry quinamine aci<> sulphate at 130'^ 
(Hesse, A. 207, 305). Amorphous brown base.— 

Apoqninamine CibH^jNsO. [114®]. Formed 
by boiling quinamine with excess of HCl (S.G. 
1*125) for 3 minutes (Hesse, A. 207, 294). The 
alcoholic solution is inactive and neutral to 
litmus: the hydrochloride is huvorotatory. — 
B'HCI J aq.— B',,H.PtClg2aq.—B'liNO— 0 x a- 
late B^yHjCjO,aq.— Tartrate li\C .H/)«Taep 

Acetyl derivative CijH^^iAcNp. Amor¬ 
phous.—B'jHaPtClg 2aq. 

Conquinamine [523®]. [a]p = 205® 

(in a 2 p.c. alcoholic solution). S. (91 p.c. alco¬ 
hol) 13-6 at 19®; S. (ether) 13-5 at 15®; S. 
(benzene) 24-4 at 18®; S. (CS..) 6-05 at 18®. 
Occurs in the bark of C. snccirubra and rosu- 
lenta. It is best separated from quinamine 
through the greater solubility of its salts (Oude- 
mans, A. 209, 88; Hesse, A. 209, 02). 

Properties. —Long prisms or i)yramid8. It 
resembles quinamine in its reactions with n.^80, 
^and HNO,. Gold chloride gives a golden pp. 
followed by a purple colouration. Heating with 
HCI forms apoqninamine C,„H2jNj. 

Balts.—B'HCI: octahedra, m. sol. water; 
[a]o = 205®.—B'HjPtCle 3aq (0.).—B'H .PtClg aq 
(H.).-B'HC10a.-B'JIC10,.~B'HBr.-B'HI. S. 
9*4 at 16®.—B'HN O3.—B'H^SO^.—F o r m a t e 
monoclinio crystals. — Acetate 
B'HOAc: dimatric crystals. — Oxalate 
B'-^HjCjOg Saq. — Quinate B'C;H„Og2aq; 
prisms. 

(tuinidise Cj^l^NjOj. Conquinine. [168®]. 
[a]D = 286*8 “8p (in a p p.c. alcoholic solution). 
S. *05 at 15®; S. (ether) 3 at 10®. Occurs in the 
bark of Cinchona Calisaya^ C. pitayensis^ and 
other species of Cinchona (van Heijningen, A. 
72, 802; Pasteur, C7. i2fS6, 2^, Stenhouse, A. 
129, 16; Hesse. A. 146, 367; 166, 232; 174, 
338; 176, 225; 182,163; B. 10, 2164; 12, 425; 
Oudemans, A. 182, 53). By adding NaOH to 
the mother'liquors from which quinine sulphate 
has sepamied crude quinidine is ppd. Pure 
quinidine may be isolated from this by means 
of its iodide. Prisms (containing 2|aq) ffrom 
alcohol), rhombohedra (containing 2aq) (from 
ether), or lemin® (containing IJaq) (from water). 
Its folotion in ^ute EsSO^ fluoresces blue. 


Cblorine-water and NH, give a green coloof. 
Dilute H^SOg at 100® changes it to quinioine. 
Cone. HCl c<mverts it on beating into apoquin* 
idino and apCquinidine ohlorohydride. It is a 
febrifuge. It crystallises in trimetrio forms with 
various alcohols: B'MeOH; B'EtOBbi BTrOH; 
B'C,HjOH; and B'AH.(OH)- (MfUus, B. 10. 
1773). 

Salts.—B'HCI aq. S. 1*6 at 10®; [a]o 

= 212 - 2*56 p (in a p p.c. alcoholic solntion).— 
aq: [a]i> rs 260® in a 2 p.c. aqueous solu¬ 
tion.-B'H,ZfiC4—B',H^ZnCl^.-B'^HjEgCl*.- 
B'H,PtCl, aq. — B',H,PtCl« SSq. — B'H.^uCl,. — 
B'HBr. S. *5 at 14® (de Vrij, J. Ph. [3] 32,328).— 
B'HI. S. *08 at 15®-B'H,I,3aq. S. 1*1 at 

15®_B'HNO,. S. 1-2 at 46®. 2- B'AgNO,. — 

B',H,SO^ 2aq. S. 1 at 16®. [a]j, =» 184® in a 3 p.c. 
solution in chloroform.—B'H2S04 4aq. S. 11*5 
at 10®.—(Jorgensen, J. pr. [2] 14, 
356; 15,67)— 

—B'4{HjSe04)^H,I,v-B^5H,S,0, 2aq— 

—B'oHjCrO^ 6aq: large yellow plates (Hesse, A. 
243, 144).—Oxalate B'^HjUjOiaq. S. *66 at 
16®.—Succinate B',C,Hg04 2aq.—Tartrate 
B’^CjH^Oflaq. S. 2*0 at 15®.—Acid tartrate 
B'CJIA S. *25 at 10®.-B'C4H,(860)0,4aq. 

S. *18 at 10®. 

Acetyl derivative C^H^AcNjO,. [a]„ 
= 128® in a 2 p.c. alcoholic solution at 16®. 
Amorphous.—B'H,PtClrt 3tfq.—B'H.^Au,Cl, 2aq. 

Methylo-iodide CooHj^N^O^Mel: needles 
(Stahlschmidt, A. 90. 221).—B'MoI, [165®] (Jdr- 
gensen, J.pr. [2] 3,153). 

Ethylo-iodide Ca)H.,4N,O.^EtI (Stenhouse, 
A. 129, 20).—B'Etl aq (Howard, C.J. 26, 1183). 
—B'EtClaq.—B'EtHPtCls.—B',Et,l4H,S04. 

Quinidine chloride C,oH.:iN,6cl. Conquinine 
chloride, [132®]. Formed by the action of 
PClj upon the hydrochloride of quinidine (con¬ 
quinine) (Comstock a. Ednigs, B. 18, 1223). 
Colourless crystals, V. sol. alcohol, benzene, 

I and chloroform, si. sol. ligroin«and dry ether, 
i By boiling with alcoholic KOH it is com'erted 
I into quiniene‘C,oH„N20. 

Apoquinidine C,„H22N203* Apoconqmntne. 
[137°]. [o]t) = 165° (in a 2 p.c. alcoholic solu¬ 
tion). Formed, together with MeCl, by heating 
quinidine with cone. IlCl. White, amorphous 
powder (containing 2aq). Sol. alcohol and ether, 
[a]i, es 163*3p= 2, t = 16® in 97 p.c. alcohol. The 
solution in dilute H^SO, does not fluoresce, and 
gives no green colour with Cl and NH, (Hesse, 
A. 205. 326). 

Hydrochloride', acioular crystals, v. sol. 
water.—B'HjPtCla 3aq: yellow flocculent pp. 

Diacetyl derivative C|,H„Ao,N,0,. 
[a]A=4Q*4® in a 2 p.c. solution in 97 p.o. alco¬ 
hol at 16®. Its sufphate fluoresces blue, and 
gives a green colour with Cl and NH,.— 
B'HjPtClg 2aq : golden crystalfihe pp. 

Apoquinidine ohlorohydride C^H^ClNjO,. 
Formed by heating quinidin# or apoquinidine 
with fuming HCl at 160®. Crystalline (with 2aq) 
or amorphous when anhydrous [164®]. Sol. ether 
and alcohol. Co]d «= 203*7® (p = 2, f »16*97 v. p.c. 
alcohol). Does ifot give a green colour with Cl 
and NH,.—B'2H01.—B'H^tCl, 4aq. 

Diacetyl derivative C^H^AOjClNgO,. 
[168®]. Gives no green colour wi^ Cl and NH,. 
[a]i,ss96® in a 2 p.c. solution in dilate HCL— 
B'H,PtCl, 8aq. 
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Zio^qainidioe Formed by dis> 

Bolving qoinidinein cono. H^SO^ (Hesse, i.243» 
149). Long needles (from ether).—VaHjSO^Saq: 
needles.—B'HjPtClg 3aq: yellow flocoulent pp. 

Qolnieil^ C^H^NjO. Quinene. [81*^]. Formed 
by treatm^ of quinine or quini^ne with PCI, 
followed by alcoholic KOH (Comstock a.Kdnig 8 , 
B. 17,1989 ; 18,1223). Trimetrio crystals (con¬ 
taining 2aq), a: 6 :c = *5322:1: *6042. The solution 
in dilute shows a greenish-blue fluo¬ 

rescence. By heating withHBr<(or HCl) it is 
converted into apd^uinieno G,gH,,N 02 . 

Salt 9 .--B"HjCljZnCl 2 2 aq: trimetric prisms, 
a: 6 :c = *3424:1: *4964.—Tho tartrate is si. sol. 
cold water, anf weU crystallised. 

Dibromidu C^gHy^BrjN.O. Obtained by 
addition of bromine to quiniene. By boiling 
with alcoholic KOH it is converted into dehydro- 
quiniene CaoH^oN^O. The hydrobromide 
B^UgBr.^ 2 aq forms yellow crystals, si. sol. alco¬ 
hol, aqueous HBr,or cold water (Comstock a. 
Kdnigs, B. 20, 25Id). 

Behydroquiniene C^oHjoNgO. Formed by 
boiling quiniene-di-bromido with alcoholic KOli. 
Colourless crystals (with Baq). V. sol. alcohol 
and ether, nearly insol. water. Dissolves in very 
dilute II^SO, with a strong green-bluo fluores¬ 
cence. Gives the quinine reaction with chlorine 
and ammonia (Com»tock a. Konigs, B.20, 2517). 

Qainioine [CO'^]. [a]D‘“44‘’ (in 

a 2 p.c. chloroform solution). Occurs in cin¬ 
chona bark (Howard, 0. J. 24, 61; 25, 101). 
Formed by heating the sulphate of quinine or 
quinidine with H^SO^ at IdO"^ (Pasteur, C. Ji. 37, 
110; Hesse, .4.178,245). Formed also by heat¬ 
ing quinine or quinidine with glycerin at 200 ° 
(Hesse, A. 166,277). Oil, which slowly solidifies. 
81. sol. water, v. sol. alcohol and ether. Its alco¬ 
holic solution is alkaline to litmus. Cl and Nil, 
give a green colour. Its solution in dilute 
HjSOf is not^uorescent. 

5 aU 8 .-B'H 2 PtCl, 2aq. — B'HI aq. — 
B'^HjSO^ 3aq.—Oxalate B'jlLCiO^ 9aq. 8 . *4 
at 16°.—Acid tartrate B'C,H „68 Gaq. [100°]. 
Sulphocyanide B'H 8 Cy ^aq. 

Apoquiniene C,sH,,NO,.. Apocomjuinine. [240°]. 
Formed by heating quiniene with aqueous HBr 
( 8 .G. 1*6) at about 180° (Comstock a. Konigs, B. 
18,1226). Colourless crystals. V. sol. alcoliol, 
b 1. sol. water, ether, and benzene. It dissolves in 
aqueous acids and alkalis, forming yellow solu¬ 
tions. The sulphate is sparingly soluble. The 
hydrobromidc forms small yellow crystals. 

Cupreine C.gHj^NjOj. [198°]. (Paul a. 
Cownley, Ph. [3] 16, 221 *, Hesse, A. 230, 55). 
Occurs in ouprea bark. The crude quini^io sul¬ 
phate from such bark i^ dissolved*in aqueous 
HjSO^, excess of NaOH is added, and the ppd. 
quinine ahakin out with ether. • The aqueous 
liquid is warmed and neutralised with Hj80^. 
Cupreine sulfate then separates (Hesse, A. 
226, 240; 230, 57). 

Properties.—Concentric prisms, containing 
2aq (from ether). From alcohol it separates in 
the dry form. V. si. sol.•ether or chloroform, 
more sol. alcohol. The alcoholic solution is 
alkaline to litmus, gives a dark reddish brown 
colour withFeaCL, and a deep green with chlorine 
water, followed by ammonia. The solution in 
dilute H. 2 SO 4 does not fluoresce, but gives with 
a pp. slightly soluble in excess of NH«, 


and easily soluble in NaOH. Ether extracts the 
base from the ammoniacal solution, but not from 
the solution in NaOH. It rotates light to the 
right almost as strongly as quinine. Its neutral 
salts form yellow solutions; its acid salts are 
colourlfjps. HCl (S.G. 1*125) at 140° converts 
cupreine into apoquinine, no MeCl being evolved. 

Salts.- (Hesse, A. 230,69.) B".,H,S 04 6aq. 
B"H..S 04 aq. — B"HC1 aq. — B"(HClL — 
(B"HCl) 2 PtCl 4 4aq. — B"(HCl) 2 PtCl 4 aq, — 
B"2H,C„0„ 2aq. The base combines with NaOH 
and K()H (1 mol.), but not with Nil,. It also 
forms calcium, load, and silver compounds. 

Diacetyl derivative Cj^HyoACgNjOg 
[88^. Salt.—C„.H2oAc,N.,02H2PtCl,3aq. 

Mono-methylo- compounds, —Is 
thrown down on adding Mel to alcoholic cupreine 
solution. Colou^ess needles, very sparingly soiu- 
bio in alcohol or water, insoluble in ether. Very 
soluble both in acids and alkalis.—B"MeCl.— 
B"MeCLHCI.PtCl/ 2 aq.-(B"Me),S 04 . On adding 
I baryta to a solution of the methylo-sulphate, 

^ and evaporating* the filtrate, the hydroxide, 
j (B"Mc)OH, remains as a yellow amorphous 
' residue. It has a bitter taste, is insoluble in 
I ether, but very soluble in water. With a little 
bloaching-powdcr and ammonia it gives a green 
colour; if more bleaching-powder is used the 
colour is red. 

Di - methylo- compounds B"2MeI 5aq 
forms orange plates (from water), soluble in 
acids, alkalis, and alcohol (though not in water). 
Tlie corresponding hydroxide is only known in 
solution. 

Hydrocupreine CjgH^^NjO,. [169°]. Formed 
by heating hydroquinine sulphate with HCIAq 
(8.(t. 1*125) (Hesse, A. 241, 279). Mieroerp* 
talline powder (containing 2aq). Alkaline 
to litmus. A solution of its sulpliate does not 
fluoresce—B'^H^SO,: small needles, v. si. sol. 
water and alcohol.—B^^C^HjOg 2aq.—B'H^Cljaq. 
- B'H,PtCl«. 

Homoquinine. This substance, obtained from 
China cuprea (the bark oi Hemijia pedunculate) 
(Howard a. Hodgkin, C. J. 41,66), is also formed 
by adding sodium cupreine to quinine hydfo- 
chloride (Hesse, A. 230, 70). It is therefore a 
molecular compound of quinine and cupreine, 
C^U,4N,0,,C,gH,>.,N,0 4aq. 

Cuscamine. *[*218°]. An alkaloid in the bark 
of Cvichona Pclletierana (Hesse, A. 200, 304). 
Prisms; v. sol. ether, m. sol. alcohol. 

Cusconine C^3H,.^NJ0^2aq. [110°]. S. (ether) 
3 at 18°. [a]D = -54° (in a 2 p.c. alcoholic solu¬ 
tion). Occurs together with aricine in the bark 
of C. cuprea (Hesse,4.185,320; Paul a.Cownley, 
Ph. [3] 12, 497). Plates (containing 2 aq) (from 
^her). Its acid solutions do not fluoresce, 
tttjvorotatory. Cone. HNO, turns it dark green. 
B'HHgCls2aq. - B'jILPtClg6aq: amorphous.— 
B'sH.SOga^acJ—B'H!l>Cy2aq: yellow powder. 

Concttsconine CagllonN^O^aq. [144°]. W’hen 
dry [c. 208°]. [a]i,= +40-8° at 15° in2 per cent, 
alcoholic solution. In bark otHemijiaPurdicana 
(cuprea bark) (O.Hesso,A.226,234). Monoclinic 
crystals (containing aq). SI. sol. alcohol, but 
ppd. by water from that solution. V. sol, benzene, 
ether, and chloroform; si. sol. petroleum. Its 
alcoholic solution is neutral to litmus. At 150° 
it partly changes to an amorphous variety. It 
forms no acetyl derivative with Ao,0. Cono, 
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HNOj added to Ui Eolation in acetic acid or HCl form-alcohol, al. eol. water. S. *183 at 17®. 
gives a splendid dark-green colour. Conc.H^SO* [o]n=-17G*35® (c/. PA f_8] 16,1025).--0itrat« 
torms a blue-green solution, turned olive-green B'aG„H^O;10aq : small white needles; v. sol. 
on wanning. boiling, si. sot. cold, water.—B'.^P 04 H, 7 aq: small 

Salts.—Mostly gelatinous.—(B'HCl) 2 PtCl 4 white needles; sl.sol.water.—B',(AsO4H,)al0aq; 
6aq.—B' 2 H,C.jO<.B 8 H,^SO,. Prisms. long white needles.—BjCrO^H^Caq^ng golden 

{(x)~Me,‘thy io-xodide B'Mel. Cr5stalline needles; m. sol. hot, si. sol. cold, w^r, v. si. sol. 
powdei: hardly sol. alcohol, sol. boiligg water, chloroform. 

P^om it may be obtained: B'MeCI, iiecdJ<‘s; Combinations. — 1. With onproine 
(B'M6Cl).Pt01*, amorphous; (B'Me)^SO,; and C_.oH 2 ,iN 30 j.C,nH 22 N 2022 aq; long shining needles 
B'MeOH, which when dry melts at [202^. grouped concentrically.2. With quinidine 

{&)-Mcthylo~iodide B'Mel. Gelatinous. C...„ll2^N.^02.CjoH2,N.2022.Uq ; white needles.—.*1. 
V. sol- alcohol. From it may be obtained: Witli ane'thol (C2oH28N302).j3,pH,202aq. Large 
B'McCl, amorphous; (B'MeCI).IHCl.Catj, amor- shining dimotric prisms. V. sol. hot alcohol, 
phous; (B'Mo) 2 SO«; and B'McOH 2U<]. ether; si. sol. cold alcohol; insol. water. De* 

Cttsconidine. An amorphous alkaloid in composes at 120*^ into hydroqutnine, anothol, 
Casco bark (Hesse,/I. 200, ;u)3). and watcr.--4. Also forms compounds with 

Concusconidine C^JI^hN^O,. [124®]. A hydroquinidine, cinchonidine, bydrocinchon- 
slightly dextrorotatory amorplrous alkaloid, said idiue, and homooiuohonidine, but not with ciu. 
to occur in cuprea bark (Hesse, B. 10, 02). - chonine or hydroeiuehonine. 

B'^HjPtClg. Mctliylo- compounds B'MelEtOH.fPale 

Hydroquinine C...nII,,.N._.0.3. [108®]. [o]d yellow piisms. [218®]. V. sol. hot, m. sol. 

= —142-2® (p = 2-4 in ‘.)r> p.c.;ilcohol at 20®, but cold alcoliol, insol. water.—B'MeCI 2aq [108®]. 
Wd“ -227*1® in dil.HCl. Discovered by Hessc — B'JIelll’tCl,, 2aq : orange-red needles. — 
(B.15,850)inmother.liquor.<ofquininesulpliato. B'.AIeJHCl^.: pale-yellow needle.s; m. sol. alco- 
Preparation (Hesse, A. 241, 2.”>.'^). — 'I’he hoi and water.—B'McOH : resin; insol. ether 
mother-liquor from cjuinino monosnlphale is and chloroform; v. sol. alcohol and water. Ab- 
treated with successive quantities of Bulphuric sorbs CO^. 

acid until a nculval salt is obtained containing Acetyl derivative C..„H. 5 N.p,Ac. [c. 40®]. 
over 30 p.c. of hydroquinino snijthate. The V. sol. other, alcohol, bt^/one, acetone, and 
quinine is then removed with KMnO,, and after acids; si. sol. water, and NHj. [a]t,i^ — 73*9®. 
neutralisation with NaOHAq the liydrocininine in 3 inoleculrs llClAq p - 3, t = 15®. — 
is extracted with ether, benzene,or chloroform. (0.„II.,AcN_.0_.)l’tCl,.H.,2.uj: powdery pp.; sl.sol. 

Properties.—Can he obtained by neutralising dil. IlCi and water.—(C.„H..,A.cN 20 .J^SOJL 9aq; 
the Bolution in dilute acid with NaOHAq long needles; v. sol. hot water, alcohol, si. sol. 
as an amorphous pp. having the comj)osition coKl water, insol. other. 


2aq. Crystallises from chlorofoim 
in concentric grouped needles. V. sol. alcohol, 
chloroform, ether, benzene, and CS_., m. sol. 
ammonia, si. sol. water, iusol. NaOHAq. .Solu¬ 
tion in dilute II^SO^ shows bluo Huorcsccnce, 
and gives tho same reactions ns quinine with 
Cl and ammonia, but doco!omis<!s K^^nO, very 
slowly. Alkaline reaction, bitter taste, llcatcil 
with HCl it yields hydrociipreme. 

• Salts.—B'sHySO^Oaq: short wliite prisms; 
V. aol. alcohol and hot water, si. sol. cold water, 
insol. ether. S. -287 at 15®. |a],,= - I'.CVi®.— 
B'HjSO^ 3aq: long thin needles; v. sol. water 
and alcohol, m. sol. awtone. Heated to 120® 
it gives off water, and to 140® yields hydioquin- 
ioin sulphate.—B' 2 HjS.p, 2 aq.~B'HC 12 aq: long 
fiat prisms; v. sol. water and alcohol, insol. 
ether.—B'jPtClJLpaq: yellow amorphous pp.; 
V. b 1. aol. water and alcohol.—B'PtCl,.H.^ 2aq.— 
B'2AuCi,H 2ttq(?) : yellow amorphous pp.— 
B'2H01HgCl2 : small colourless Hut needles. — 
B'BrH2aq.—B'(BrH )2 3aq: D'lH; oil, becoming 
solid but not crystallising.—B'(IH)^4aq; shinthig ! 
yellow needles.—B'HjI^icaq: metallic, dichroie 
flat needles.—B'HCNS: a^c.sin; m.sol. water.— 
B'C^rf^OjSaq. [100®]: small colourless needles; 
v.sol.water and alcohol.—Benzoate B'C,!!,^^: 
small needles; v. sol. alcohol, si. sol. water.— 
Salicylate B'C^HyO,: small colourless needles; 
V. si. sol. cold water, m. sol. hot water, v. sol. 
alcohol. •— Piperonylate B'C„H,0,. — 
B'jOgOfHgOaq: longshiningneedles; insol. ether, 
V. sol. hot, si. sol. cold, water, v. sol. alcohol. 
B. *213 at 16®.—B'aC^U„Og 2aq : thick colourlc-.s | 
prisms; m. soL hot water, alcohol, v. sol. chloio-1 


] Sulphonic acid. — Strong ILSO., at 

! ordinary temperatnn's forms hydroquiuine sul- 
' phonic acid C^nIL.,N_,0_..SO,H aq [239®] ; insol. 
[ ether, chloroform ; si. sol. NIIj and NaOHAq.— 
I (C>„H,,Np,.S 03 H)PtCl,H, 8 aq : pale - yellow 
; needles. o 

j Hydroquinicine C.„TI,„N. 03 . Formed by 

: fusing hydroiiuiiuno sulphalo at 140-' (Hesse, 
i A. 241, 273). Yellow i-csin. V. sol. ether, 
! alcohol, chloroform and dilute acids. Solution 
I in dilute H;S 04 is intensely yellow, addition of 
' chlorinc-water tiiid ammonia gives a yellowish 
I green colouration. More easily acted on by 
I KMnO^ than hydroquinino. -Salts.—Neutral 
I sulphate ; white needles, v. e. sol. alcohol and 
water.—B'PtCIjH-^aq: pale yellow llocculent pp. 
j changing to orange-coloured crystals iusol. water* 
b 1. sol. dilute HCL 

Hydroquinidine CjuIL^NjO.,.. Hydroconqniit' 
ine. [107®]. Occurs in crude quinidine, and 
obtained therefrom by treatment in acid solution 
with KMnO^ wliich does not attack Jiydroquin- 
idine (Forst a. Boh ringer, B. 14, 1954; 15, 519, 
1050; Hesse, B» 15, 854). Nefedles or tables. 
M. sol. ether, v. sol. alcohol and chlorofonn. 
Tlie alcoholio solution is alkaline to litmus. Its 
solution in dilute shows blue fluorescence. 

It is dextrorotatory. Chlorine-water and NH, 
give a green colour. Chromic mixture forms 
quinic acid. v 

Salta.—B'HCl: soluble prismatic tables.— 
B'flBr: plates, si. sol. cold water. —B'H.PtCl„ 2 aq. 
!>' H^SO^ 12aq. - B'lII.—B'H.Ij 3aq: large orange 
soluble crystals. — Tartrate B'.^C^H^Oj 2aqj 
glistening soluble prisms. — Acid tartrate 
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3aq: thin white needles, si. sol. cold 
water.—Benzoate B’0,H„02: colourless tables. 
—Salicylate B'C^H^Oa: six-sided tables. 

Hydrooinchonidine. Identical with Cinchaui- 
MNK (v. Cinchona basks). * 

Homooinchonidiae 0„H2,N..O. [206®]. S. 

(alcobol)(|y^'9 at 13®; S. (ether) *46 at 15®. 
[a]f,= - im° in a 2 p.o. alcoholic solution at 5®. 
Occurs in very small quantity in many cinchona 
barks, especially tliat of 0. rosulenta (Hosso, B. 
14, 40, 1891; A. 205,203; 207, 310; cf. Skraup, 
A. 199, 306). Obtained by recrystallisation of 
crude ciiichonidme sulpliate. lfi:isras or plates. 
Lievorotatory. Its alcoholic solution is alkaline 
to litmus. Its solution in JI^SO., does not 
fluoresce. gives no green colour with Cl and 
NHj. Cone. HOI at 150® gives apocinchonidinc 
and apocinchonidine chlorohydride. KMnO^ 
forms formic acid and cinchotenidine. 

Salts. -B'HClaq.-B'HG12aq. [o]„= -139®. 
—Bll^PtClo aq. - B'2lI,.PtCl,2aq.—B'llNO, aq.— 
B«LS ,03 2aq. S.’o at 13®.—B'jK.SO, 6aq. S. 
1*16 at 22®. [o^,^ -1.38® in an 8 p.c. aqueous 
solution.—B'HSCy. — Tartrate BC4H,.0«2aq. 
S. ‘076 at 10®.- -Quinato B'C,H,„0,^.—Phenyl 
sulphate B'J-lSO^Ph 5aq. 

Acetyl derivative C,„lL,AcN^O. [«]» 
ss -34® in a 2 p.c. alcoholic solution at 15®.— 
BTLPtCl/2aq.—r>’(U.\uClaq. 

Cinchotenidine C|Jf,„N^b,. [250® cor.]. S. 
(alcohol) ‘13 at 78 ’. Toimed by oxidation of 
homocinchonidino or cinchonidiuo (Skraup a. 
Vortmann, A. 197, 235 ; Hesse, B. 14, 1892). 
Needles or prisms (containing 3aq). Its solution 
in dilute H_,SO, docs not lluoresce. Its solution 
in TICIAq is Irovorotatory. [a]„ —201®.— 

B'dLPtCl„.-- -B' 2 H^SO, 2 ]aq; v. e. sol. water. 

Diconqninine An amorphous 

alkaloid occurring in most cinchona barks 
(Hesse, 2?. 10, 2155). Is the chief constituent 
of commercial ‘qiilnoidine.’ Dextrorotatory. 
Gives a green colour with Cl and NH,. Tlio 
solution iit dilute H^SO, is fluorescent. Its 
sills are amorphous. 

Paricine C,„H,sN.D. [1.70®]. Found by 
Winkler (J5. J. 27, 338) in a false cinchona bark. 
Occurs in the bark of C- lutca, and C. sacctruhra 
of Darjeeling (Hesse, il. 100, ‘203; Fh. [3] 9,839). 
The aqueous solution of the mixed sulphates of 
quinine, cinchonine, parieme, dro. is treated 
with cone. UNO, which throws down paricino 
nitrate. Paricino may also bo jipd. from the 
mixed sulphates by adding Na^CO, to feeble 
alkaline reaction. Yellow powder. V. e. sol. 
alcohol and ether. The alcoholic solution is 
alkaline to litmus and is inactive.— 
B'.,H2PtCl«4aq. 

Javanine. Occurs in the bark qf G.^^aliaaya 
javanica (Hesse, B. K), 2162). Plates {from 
water). Its solution in dilute IHSO^ is intensely 
yellow. * * 

CINCHONIC ACID t>. QorNOLiNE-(Py. l)-OAtt- 

BOXYLIC ACrl7. 


CINCHONIDINE C„H,..N.,0. [200®] (H.); 
[210® cor.] (S. a. V.). S. -OO at 10®. S. (ether) 
•53 at 16®; S. (97 p.o. alcohol) 6‘1 at 13®. 
[o]„= —70® in a 4 p.c? solution in alcohol- 
(diloroforra. Discovered by Winkler (/icjicrf. 
Pharm. [2] 48, 381; 49, 1) and occurs in most 
cinchona baiks (Leers, A. 82, 147; Pasteur, 
0. It, 37i 110; C, J. 6, 276; Bussy a. Guiboui't, 


J,Ph. [3] 22, 401; Hesse, A. 135, 833; 166. 
240; 176, 203; 181, 60; 182, 160; 206, 196; 
207, 310; Skraup a. Vortmann, A. 197, 226). 
Separated from quinine and other bases by re¬ 
peated extraction with ether. It is then con¬ 
verted into the hydrochloride and ppd. by hydro- 
sodio tartrate. The base, liberated from the 
tartrtfte, is then crystallised from alcohol. 

Pr$pertie3. — Gives no green colour with 
chlorine water and ammonia. Its solution in 
dilute H^SO^ docs not fluoresce. 

Jlcactions. —1. HNO., gives the same products 
as with cinchonine. CrO, does the same.—2. 
i H^SO^ at 130® or glycerin at 200® converts it 
j into cinchonicino.—3. Heating with HCl gives 
; apocinchonidine, (/3)-cmchonidine, and apocin- 
I chonidinechloro-hydride.—4. Oxidised by KMnO, 

1 to pyridine tri-carboxylic acid. [257®] (Ilamsay 
I a. Dobbio, C. J. 35, 189).—5. PCI, converts it 
I into cinohoniiKne-chlorido C„IL,N.^C1, which by 
I boiling with alcoholic KOH gives cincheno 
C,.H.oN 2 , and this by heating with HCl at 220® 
is converted into apoclnchene 0,gHi,NO (Corn- 
stock a. Konig^ B. 17,198G). 

Salts.—B'lIClaq: monoclinio crystals. S. 
3-3 at 10®. S. (ether) *3 at 10®. Lavorotatory. 
[a]„ varies from —24° (in chloroform) to —152° 
(in dilute HClAq).—B'HCl2aq: prisms.-- 
B'lIXl. aq. -B'H HgCl^: scales. -B'H ,PtCl« aq. 
B'fIPtCl,2aq. — B'H.AuCh. — B'HJ..aq. ~ 

; iniNO, aq. S. 1‘4 at 10®.—B'JI.SO^ Caq. S. 1 
I at 12 ®; 1-5 at 22 ®: prisms. [a]i,= — 111 ® (in 
[water).—B'ILSO,5aq: striated prisms, v. sol. 
[water and alcohol. — B'lH^SO^jo 2 aq: short 
, prisms, si. sol. cold water.—B'H.S.0,2aq. S. 
‘45 at 10®.—B',o(H 2 S 04 )j,IIgl 32 8 aq: golden plates 
(Ilerapath, C. J. 9,130; Jorgensen, J. pr. [2114, 
371).-B'4(H,S04).,H3lp4aq.-B'.(H2S04),H,I„6aq. 
B'.-H.yOJIL.aq. — B',.,(HoSe 04 ).Hsl 3 , 8 aq.— 
B',.H.Se().HI,aq. — B^HjPO^), 12aq.— 

I B';(H,P0,)2Hl3.-B'2(n,As04)2.-B'HSCy. S. *6 
I at20®. Acetate BTIOAcaq. — Benzoate 
! B'C-H.O^. S.‘3atl0®.—Oxalate BMPC-O^Caq. 

. S. *4 at 10®. [a]„=i -99®. — B'.,H,C, 64 H,I«. — 
Succinate B'^CiIIyO^ 2aq. S. ‘17 at 10®. 

, Tartrate B' 2 C 4 H(,Ott2aq: crystalline pp.; in- 
j sol. aqueous sodio-potassiam tartrate, ‘Oi 
I at 10 ® (tartrate of cinchonine is far more 
soluble). — B'-.C^n^OJlIs. — Acid tartrate 
B'(C 4 H,Oj 2 3aq. —Salicylate B'C^H.O,. S. 
•13 at 18®. • 

Cojnbinations with Phenol, — B'jHOPh. 
Prisms. Formed by mixing alcoholic solutions 
of phenol and ciuchoiiidine.—B' 2 (HOPh).,: un¬ 
stable crystals. —B'HClHOPhaq: crystalline 
grams, formed by adding phenol to an aqueous 
solution of einchomdine hydrochloride.— 
B'-^SOiHOPh 5aq. Formed by mixing hot aque¬ 
ous solutions of phenol and cinchouidine sol- 
►phate. Prisms. S. *235 at 15®. 

Acetyl derivative CinHjiAcNjO. [42°]. 
[a]b« —36iJ in a flp.c. alcoholic solution at 16°; 
s—81®in a solution in dilute HCt. Brittle 
mass.—B'H 2 lHClu 2 aq. - B'(HAuCl 4)2 aq. 

Methyl-cinchonidine C, 3 H 2 ,MeN 20 . [76°]. 

From the iodide by treatment with aqueous 
KOI! (Stahlschmidt, A. 90, 218; Claus a. Bock, 
B. 13, 2191; Hesso, B. 14, 45). Needles or 
tables (containing aq). Its salts are mostly 
deliquescent. Iodide C,„IL,MeN 20 HI. [248®J, 
From cinchouidine and Mel. Slender needles.— 
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Chloride BHCl. [158^]. Slender needles 
(eontuning aq).—BHaPtCleSaq. 

Af ei hy lo - iodide 2aq; 

erystalB. 

Methylo^di4odide O^HjiMeN^OtELMel: 

Uroe prisms. 


Ethyl - ciachonidine 02jH2,Nj0. [90®]. 

Colourless needles. V. sol. alcohol and ether, 


insol. water. Prepared by the action of aqueous 
KOH on the iodide (Claus a. Dannenbaum, B, 
18,2189). 

Salta.—^BHOlSaq: cubes; v. sol. water 
and alcohol (Howard, 0. tT. 26,1181; Glaus, B, 
14, 1922). LffiTOrotatory.—B'HBr aq.—B'HI. 
U61®], From oinohonidine and £tl. Needles. 
B'HI,.—B'HCy. [140®]. Slender needles, v. 
sol. water (Glaus a. Merck, B. 16, 2745).— 
B"H,G4PtCl, aq: crystalline pp. 

Methylo-iodide BMel. Golburlessneedles. 
Decomposes at 267®. 

EthylO’iodide BEtl. Besembles the 
inethylododide; on treatment with KOH it 
gives a di*ethyl>oinchonidine. t 

Ethy lo-di-iodide G,^,EtN20H£tI:taq. 
^5®]. Golden crystals. 

Iioamyl • oinohonidine C,0H2,(GjH,,)N2O. 
Besin.—B'HjPtCl, a;aq (Glaus a. Weller, B. 14, 


1922). 

Bi-hromo-oinehonidine OipH^oBrsNsO. From 
einchonidine in GSj and Br (Skalweit, A. 172, 
108).—B'H^Br,: needles, v. sol. alcohol. 

i)i-oxy-oinoboiiidineC„H20(OH)2N2O. From 
the preceding by long boiling with alcoholic 
KOH (S.). Bamified cry8tal8.“B'2H2S042aq: 
plate8.-BH,SO,.-B'H2PtCl0. 

Apooinohonidino C,0H.2^,O. [226®]. [a]i, 

—129® in a I p.e. alcoholic solution at 16®. 
Formed by heating einchonidine with HCl (G pts. 
of «.G. 1*106) at 150° (Hesse, A. 205, 327). 
Sm*U plates (from alcohol). Loivorotatory. Its 
acid solutions do not fluoresce.—B'H2PtClg2aq. 


Acetyl derivative CialLiAcNjO. [ajo 
m — 62® in a 2 p.c. alcoholic solution at 16®.— 
B'HjPtCl*2aq.-—B'(BLAuCl4)a aq. 

Apoclnohonidine ehlorohydride CipHjjGlNjO. 
[800®]. [a]p m —142® in a 2 p.c. solution of dilute 
HOI (oontaining 3HC1). From apocinchonidino 
and faming HCl at 160° (Zorn, J. pr. [2] 8, 283 ; 
Hesse, A. 205, 846). Plates (from alcohol). 
Lssvorotatory.—B'HjClj.—^B'H3PtCl82aq. 

Acetyl derivative 0,9H3^cClN20. [150®]. 
Prisms (from ether). Lavorotatory.— 
B'H3ptCl,2aq. 

ls).Oinclioniaiiie' 0„H.„N,0. [207'>]. Wd 
« —161® in a 1^ p.o. solution in dilute HCl at 
16®. Fonned, together with apocinchonidine, 
by beating cinohonidine with HCl (S.G. 1*105) 
at 140°. Separated from apocinchonidine 
through the insolubility of its tartrate (Hesse, 
205,827). Short prisma or plates. Lavorotatory. 
The neutral tartrate is \ si. sol water. By 
heating with ECl for a long time it changes to 
apocinchonidine. —B^HjPtCl* aq. 

Zso-einohonldinc C,»H^,0. [235®]. Formed 
by disBolring einchonidine in cone. H3SO4 
(Hesse, A. 248,149). Colourless plates. V. si. 
lol. ether, t. sol. alcohol and chloroform. 

OnrCHOBlHB C,.H«N0O. [236®] (when 
slowly heated); [24^-252°] (when quickly 
heated) (Hesse); [260®] (Skraup). [a]p = 226® in 
« 1 p.e. aloohoUb solution^ >256® in dilute 


H2SO4; «268® in a 10 p.o. solution containing 
1 mol. HjSO^ at 15® (Hesse; cf. Oudemans, Ar. 
Nierl. 10,1931 S. *262 at 10°; S. (alcohol of 
8.0.*862)*71 \t 10®; S. (ether) *27 at 10°; S. 
(CHCl,) '28. Occurs, together with quinine, in 
most of the true cinchona barks (Foq|boy, Ann. 
Chim. 8,113; 9, 7; Vauquelin, Ann, Chim, 69, 
30,148; Gomez, Edinb. Med, and Surg. Journal, 
1811, 420; PfafF, Schw, J. 10, 365; Pelletier a. 
Caventou, A. Ch. 16, 291, 837; Pelletier a. 
Dumas, A. Ch. 24,169; Gerhardt, Eevuescient, 
10, 880; Traify, 4,105; Laurent, A. Ch. [3] 19. 
363; RegnauU, A. Ch, 68, 113; A. 26, 16; 
Liebig, A. 26,49; Hlasiwetz, A.77.49; Weidel, 
A. 173, 76; Hesse, A. 122, 226; 135,326; 166, 
217 ; 205, 211; Skraup, A. 197,353; Oudemans 
A. 182, 44). 

Preparation,—The bark is extracted with 
dilute acid. The alkaloids are ppd. by lime, 
Na2CO„ or NaOH, and crystallised from alcohol 
(85 p.c.). Cinchonine crystallises out beft>r6 
quinine, unless the quantity oftthe latter present 
be relatively large, in which case a portion of 
the quinine is first removed by crystallisation o! 
the sulphates. Quinine may be separated from 
cinchonine by ether, which dissolves quinine 
most readily. 

Properties. —Prisms (from alcohol). When 
ppd. by ammonia from aqueous solutions of its 
salts it is amorphous, but rabidly becomes crys¬ 
talline. Tastes bitter. Its solutions are alka¬ 
line to litmus and dextro-rotatory. Its solution 
in dilute HjSO^ does not fluoresce. It does not 
give a green colour with chlorine-water and 
ammonia. It gives a yellow pp. with chloride 
of iodine. 

Reactions. —1. Oxidised by I{Mn04 to pyri¬ 
dine tri-carboxylic acid (Dobbio a. Eamsay, C.J, 
35, 189). 10 g. cinchonine dissolved in 4*6 g. 
HjSO^, diluted with water to 100 o.c., and treated 
gradually with 285 o.c. of a 6 p.c. solution of 
KMnO^ gives cinchotine, cinchotenine, and 
quinoline carboxylic acid (hkraup, A. 201, 294). 
In the syrupy oxidation products of cinchonine 
are a monobasic acid C^HisNO,, a base OsHi^NO.^, 
yielding an ethyl-pyridine identical with that of 
Wyschnegradsky, CgH^NO, identical with Schmi- 
deberg a. Kretschy’s base kynurine, and an amor¬ 
phous product CisHijNOa (Skraup, ilf. 7, 517, 
W8). Alkaline KMnO, gives off 41 p.c. of the 
nitrogen as NH, (Hoogewerff a. Van Dorp, A. 
204, 90).—2. H2SO4 and PbOj give a red sub¬ 
stance, cinchonotin (Marchand, J. Chim. Med. 
10, 362).—3. Boiling HNO, (S.G. 1*4) forms 
quinoline carboxylic (cinchonic) acid, quioolio 
acid CjHgNjO,, pyridine dicarboxylio (cincho- 
meroni»t) acid, pyridine tri-carboxylic acid and 
a base CjgH.gNjO* (Weidel, A. 178,76).-4. CrO, 
gives quinoline carboxylic acid and some formic 
acid, which pdrhaps indicates a mdlhoxyl group 
(Skraup, A. 201, 294).—5. PCI5 converts it into 
cinchonine-chloride O^H^N^Cl [lf2°], which by 
boiling with alcohoUo ROH gives cinchene 
CiflHajNj, and this by heating with HCl at 220®- 
230® is converted into apocinchene C,gH„NO by 
splitting off MeCl aifd NH, and taking np H^O 
(Comstock a. KSnigs, B. 17, 1984).—6. Treat 
ment with CuO and KOH gives quinoline and 
a resin whence oxidation produces pyridine di. 
carboxylic acid (Wyschnegradsky, B. 18, 2318). 
7. Distillation with solid potaah yields methyl- 
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(a) and (| 8 ) di-methyl.pyridme, (a) and 
(/3) tri'methyi'Pjriaine, quinoline, and quinoline 
tetrahydride (Oechsner de Coniiuk, A. Ch, [5] 
27,463; 0. B. 94,87).—8. Aque^s KOH gives 
quinoline and a solid body (Butlerow, J. B. 10, 
244); in fkesenoe of superheated steam KOH 
fonus also methyl-quinoline (Krakau, Bl. [2] 45, 
248).—9. HjSO^ and a little water at 130° forms 
the isomeric cinchonicine; this body is also 
formed by fusing the acid sulphate of cinchonine. 
According to Jungfleiscb a. L 6 ger (C. B. 105, 
1265) pure sulphq^e of oinchoniite dissolved in 
a mixture of equal parts of water and pure H 28 O 4 
yields a colourless liquid, which when heated for 
some time to 120 ° and then rendered alkaline 
yields a pp. cA six bases: oinclionibine 
i(od= +176*8° in a 5 p.o. alcoholic solution), cin- 
ohonifine(oD= +195°),cinohonigine{ai,=s —60°), 
cinchoniline («o=+63°l, all having the for¬ 
mula and tne two oxycinchonines 

{ 0 ,,*^ +182‘5G°andnD= 187‘14°) of the formula 

Fuwing H. 4 SO 4 forms cinchonine 
sulphonic acid.—10. HCl at 160° forms succes¬ 
sively apocinchonine, diapocinchonine, and 
finally apocinchonine chlorohydride.—11. The 
product of the action of sodium ethylate on 
cinchonine, after distilling with steam, yields 
C-aiH^aN,, a heavy reddish yellow viscous oil 
smelling like quinoline. The constitution of this 
base is probably 0 ,hH;.,N,^(C.jHj) (Michael, Am.l, 
182).—*12. Cone. HBrAq forms apocinchonine 
bromohydride C,«H^,BrNoO and the hydrobro- 
raide of that body C, 9 Hj 3 BrN 20 H..Brj (Skraup, 
A. 201. 324). 

Salts.—B'HC12aq. 8 . 4*2 at 10°; S. (alco¬ 
hol) 77 at 16°; S. (ether) ‘Bo. [a]i) = l63° in a 

1 p.o. aqueous solution; = 212 ° in presence of 

2 mol. HCl (Hesse; cf. Schwabe, J. Ph. [3] 38, 

389).-B'H2Cl2.—BTICl. - - B'H ^aq (Elder- 

horst, A, 74, 80).—B'H^IIgCl,: formed by mix¬ 
ing alcoholic solutions of oinohonine hydrochlor¬ 
ide and of^HgCl, (Hinterberger, A. 77, 201). 
N^dles. — B'HjZnCl, aq. — B'^H^ZnCl, 3aq. — 
B'^H^ZnCl, aq.—B'H^SnCl^.—B'K^PtCl^: amor- 
phous pp. — B'H^PtCla aq. — 2 aq. — 

B'HjAuClj.—B'HClOj: bulky crystalline tufts 
(Sorullas, A. Ch. [2] 45. 278).—B'(HClO ,)2 aq 
(Bodeckcr, A. 71, 69; Dauber, A. 71, 66 ).— 
B'HoBr^.-B'HI aq.- B'HJ, aq.—B'HI, (Bauer, 
Ar. Ph. [3] 5, 289 ; cf. Pelletier, A. Ch. [2] 63, 
181).—B'HIj aq [92°]; trimetric brown tables 
(from alcohol) (Jdrgonsen, J. pr. [2] 3,145; 15, 
82).—B'lIClHjI, [97°].—B'H 2 Hgl 4 (Caillot, B. J. 
10, 193). — B'8(H2S04)„HJ„2aq. [140°-145°] 

(Jorgensen, J. pr. [2] 14, 356; cf. Herapath, 
C. J. 9, 161).-B'4(H2804),H4Ih.— 
Byi^SoO^HjI,. — B'(H. 2 C; 04 ).,HJ, 4 , — 
Explodes at 120°.—B'll,FeCyB 2 Rq: formed by 
mixing alc^olio solutions of oinohonine and 
H,FcCy«; Imon-yellow pp.; v.* 8 l. sol. alcohol 
(Dollfus, A. 66 , 224).—B'HaFeCy, 2aq: orange 
pp., formod^by adding aqueous KsFeCy, to 
aqueous cinchonine hydrochloride—B'HSCy.— 
B'HNOjaq: prisms, v. sol. water. Wo = 172° 
Bouchardat).— 2 aq. Hard prisms. 9. 
1*6 at 13°. [a]D = 169° iif a 1 p.o. aqueous solu¬ 
tion ; = 193° in a 1 p.o. alcoholic solution (Hesse). 
[oln+[a]o="l‘268 (Grimbert, J. Ph. [5] 16, 295). 
B'H SO, 3aq : trimetric octahodra (Baup, A. Ch. 
[2] 27, 323).-BTI,SO,4aq.-B'.H.AO,2aq.— 

aq. — B',H,Cr,0,. — B'^H^PO^ 12aq.- 


B'jHtAsOi 12aq.-»Oxalate B'HjOjO. 2 aq. S. 1 
at 10°. — Succinate B'C^HsO^liaq.— 
B' 04 H, 04 aq.—Tartrate B', 04 H 40 ,2aq. 8.8 
at 16°.—Acid tartrate B' 04 H 40 , 4 aq. 8.1 
at 16° (Pasteur, J. 1863, 419). — Lcevotar- 
trate B' 04 H,Ojaq. 8. (alcohol) *3 at 19°; 
V. si. ^1. water.—Citrate B'jC.H.O, 4aq. 8 . 
2*1 at 12 ®. Acid citrate B'jCgHgO, 4aq. 8 . 
1*8 at 16°.—Urate B'O.HgNgO, 4aq.-Piorate 
BVOgHj(NOJ JOH))g,-Benzoate B'HOBz. 8. 
•6 at 15°. 

Acetyl derivative 0,jHj,AoNjO. [ 0 ]^ 
a 114° in a 2 p.c. alcoholic solution. Amor¬ 
phous; V. sol. alcohol and ether.—B'H-PtCLaq. 
B'(HAuCl 4 )jaq. 

Benzoyl derivative 
Amorphous (Schiitzenberger, A. 108, 351).— 
B'H PtClg ccaq. 

Methyl-oinohonmo CigH^MeN^O. [74°]. 
!From oinohonine by successive treatment with 
MeBr and aqueous KOH (Claus, B. 13, 2286; 
cf. Stahlschmidt, A. 90, 218). Tables (from 
ether). B'HBraq. Cinchomnemethylo-bromide. 
[248°1. Prom cinchonine and MeBr. Said not 
to be identical with the compound of methyl- 
cinchonine with HBr.—B'HI [254°].—B'HI, 
[162°].—B'HjPtClgaq.—B'HMeBrj [236°]. From 
cinchonine (1 mol.) and MeBr (2 mols.) at 150°. 
B'Mel. [201°]; needles.—B'Me,Ij. [235°]. 

Ethyl-cinchonine C^^HagNjO. [60°]. Crystal¬ 
line solid. Prepared by the action of alcoholic 
KOH on cinchonine-ethylo-iodide (Claus a. 
Komperdick, B. 13, 2286; cf. Howard, C. J. 26, 
1183). 

Salts.- B'HI. [260°]. Cinchonine etkylo- 
iodide. White needles. From oinohonine and 
EtI.—B'HCl aq.—B'HBr.-B'HI, [142°] (JOrgen- 
sen, J. pr. [2] 3,162).—L'K-^ClaPtClg 2aq: yellow 
pp. The gold double chloride forms small 
yellow plates. 

Ethylo-iodide B'Etl. [242°]. From 
ethyl-cinchonine and EtI. Fine white needles. 
With KOH it gives di-ethyl-cinchonine. B'HEtlg. 
Cinchonine dt-ethylo-iodide: B'Et^I^aq. [264°]. 
Yellow prisms sol. water. 

Benzyl-cinchonine Cj^Hj^N.^. [117°]. Colpur- 
less needles. Prepared by the action of KOH on 
cinchonino-benzylo-chloride (Claus a. Treupel, 
B. 13,2294).—B'lICl. Cinchonine benzylo-chlor- 
ide. [248°]. From ^cinchonine end C,H,C1 in 
alcohol. Needles, sol. hot water and alcohol. 
AgjO converts it into 0 ,gHj,( 0 ,H,)N.p aq said 
not to be identical with the isomeride got by the 
action of KOH (Claus).—Carbonate [IIS'^.— 
B'HaClgPtCig 2 aq: yellow crystalline pp. 

Benzylo-chloride B'C,H,Cl; [266°];oo- 
lourless needles. 

Bi-chloro-cmchonine CjeH^gCliNjO. The hy¬ 
drochloride is ppd. by passing chlorine into a 
cone, solution of cinchonine hydrochloride 
(Laurent, 4 . Ch.J2] 24, 302). Crystalline.—• 
B'H^Cl,. S. (aRohol) 2. — B'HjPtGl, aq.— 
B'HgBr,. 

Bromo-cinohonine CigH^iBrNgO. Formed by 
adding Br to an alcoholic solution of cinchonine 
(Laurent, A. Ch. [3] 24, 302; A. Kopp, Ar. Ph. 
[3] 9, 34). Boiling alcoholic KOH ^ves ‘ oxy- 
cinchonine ’ [205°].-”B'H.4CI,. 

Di-bromo-ciachonine 0 |gH.^rjNjO. Fonned 
by brominution of oinchonine (Comstock a. 
KOnigs, B. 17,1995; of. Laurent» Compt. chinu 



186 CmOHONlNE. 


1849, 811). ColourlesB erystala oontainint; aq. 
81. sol. alcohol, insol. water. Alcoholic KOH is 
said by H. Stvecker (A. 123, 380) to convert it 
into an oxyoinchonine which crystallises from 
alcohol in plates. 

Cinchonine. (a) - di - bromide C, 9 lL-.N,>Br.^O, 
Formed by the action of bromine upon cin¬ 
chonine dissolved in a mixture of chloroform 
and spirit. Crystallises with aq. Boiled with 
alcoholic KOH it is converted into dehydro- 
oinchonine — C,.,n_.^NJ3r.^O,II 

(Comstock a. Konigs, B. 19, ‘ia.H ; 20, 2510). 

Cinchonine - (j 6 ) • di - bromide Br^O. 

Formed at the same time as the preceding, from 
which it differs in crystallising in an anhydrous 
•condition. . I 

Cinchonine - di • bromide - sulphuric acid. 
Formed by several hours’ standing at the ordi¬ 
nary temperature of a solution of cinchonine-di- , 
■bromide in 7-8 parts of cone. iLsO,. Crystal- ; 
line solid. Si. sol. cold water, v. sol. aqueous 
alkalis, an excess of which precipitates the 
alkaline salts of the acid. By heating with 
•dilute HBr at c. 130° it is sjflit up again into 
cinohonine-di-bromide and H-BO* (Comstock 
•a. Kbnigs, B. 19, 2855). 

Clnohonine-chloro-hydride C|.,H,;jClN^O. Hy- 
drochlorcinchonine. [213°j. Formed by allow¬ 
ing a solution of cinchonine in fuming HCl 
(saturated at -17°) to stand at the ordinary 
temperature for seveial weeks. Colourless crys¬ 
tals (from alcohol). By boiling with alcoholic 
KOH it yields isociuchoniiie and a little cin¬ 
chonine. The hydrochloride C,.,TI. 3 C 1 N; 0 , ILCl, 
oryatallisos in prisms (Comstock a. Kunigs, B. 
20, 2519). , 

Cinchoniae-bromo-hydrideC,oH 2 ,BrN.O. i/y- ' 
d/robrorncinchonine. 'Bromcinchonide ’ of Skraup. 
Formed by the action of fuming HBr (saturated 
at —17®) upon cinchonine at the ordinary Iriu- 
perature or at 100°. Boiled with alcoholic KOH 
it gives a mixture of cinchonine and isocin- 
ohoniie. — C, 5 H..sBrN 20 ,H 2 Br, (Comstock a. 
Kdnigs, B. 20, 2520). 

Cinchonine - chloride Ci^U.-iNXl. [72°]. 
Foxmed by heating the hydrochloride of cincho¬ 
nine with POCI 3 and PCh,. Trimetric prisms. 
By boiling with alcoholic KOH it yields cinchene ; 

(Comstock a. Konigs, B. 14, 1854; 17, ' 
1984). • i 

Dehydro - cinchonine C„n.oN.O. [203°]. 1 
Formed by heating cinchonine-di-bromide with 
alcoholic KOH. Colo^urless needles. Sublimable. 
V. sol. alcohol, acetone, and chloroform, m. sol. 
ether and hot benzene, v. si. sol. ligrom and 
^ater. — B'HBr: colourless prisms. - * B'HCl: 
very soluble long silky needles (Comstock a. 
Kdnigs, B. 19, 2856). ^ 

Dehydro-clnchonine-brome-hydride 
C^H^BrNaO. Hydrohromdehydrocinchonitu. 
BromO’Cinchonine. [c. 2t5°]. «Crystalline. 
Formed by allowing a solution of dehydro- 
oinchonine in very cone. HBr to stand for 8 days 
at the ordinary temperature (Comstock a. Konigs, 
B. 20, 2524). 

*Dehydrocinchoaine - chloride’ C,„H,qN 2 Cl. 
[149°]. Formed by the action of PCI, upon de- 
hydrocinchonine. Colourless crystals. V. sol. 
alcohol, ether, acetone, chloroform, and benzene, 
peaily insoL ligrolu. By boiling with alcoholic 


KOH it is converted into dehydrocinoheae 
OiftH.oN. (Comstock a. Konigs, B. 19, 2857). 

Di-hyaro-di-oinchonine (CiuH^aN.O)^. [258°]. 
Formed by trcLting an acid solution of cinchonine 
with sodium-amalgam or with zinc and 
(Zorn, J.pr. [2] 8 , 293 ; Howard, C. X 2(>, li79; 
Skraup, B, 11, 312). Scales (frora^lcohol).— 
BUBO,. 

Hydrocinchonine C,9H24N20. Formed at the 
same time as the above. Amorphous. When 
Cl is passed into an aqueous solution of its 
chloride there is formed hoxa-chloro-hydro- 
cinchonine C,.jn,„Cl„N..O aiW tetra - ohloro - 
dispolino C,,II,Cl 4 N. HNO 3 converts hydrocin- 
chonine into amorphous tetra-nitro-hydrooin- 
chonine C,.,H 2 u{N 0 . 2 ),N^O. • 

Cinchonibine Ci^H.^N^O. [259°]. [a]D“176° 
(in alcohol); =220° (in HClAq). Insol. water 
and ether. Alkaline to litmus, but not to 
plienol-phthalein. — B'Mel. — B'MeJ, l\aq, — 
B'Etl.—B'Et^I; (Jungfleisch a. L 6 gcr, 0, 

1410). ^ 

CinchonigineCijIL^N.O. [ft 8 °]. [a]i>»=—G0°. 
The bases formed from cinchonine by heating 
with sulphuric acid can be separated by <“ther. 

: From the ethereal extract TIOl pps. cinchonigino 
i hydrochloride and the mother-liquor on coiicen- 
I tration, u'UUtion of soda and re-extraction with 
i ether gives with HI ciuchouiline liydro-iodido. 

I The bases insoluble in ethar are 4 in number, 

; and are separated by weak alcohol, in which cm- 
chonibiiie and cinclionitino are insoluble, whilo 
(o) and {&) oxycinchonine dissolve (Jungfleiscli 
i a. Leger, C. R. 100, 08, 357). 
j Properties. —Colourless prisms, volatile, dis- 

i tils under reduced pressure, sol. alcohol and di¬ 
lute HCl. SI. sol. water; v. sol. chloroform, benz¬ 
ene, and acetone; less sol. dry ether. Pro¬ 
bably identical with the base obtained byCaven- 
tou a. Girard (C. R. 106, 71) by heating cincho¬ 
nine with oxalic acid and H.SO^. 

Salts.—BTIClaq; [2l3°].-,B'2HClaq.— 
BTIBraq. —B in aq. —B'2TII aq.- -B'.CJI.A ; 
needles.—B'C^HflOa 3 ^aq.- B'McI [2.53°]; colour- 
less needles.- B'Etlaq [232°]; large prisms from 
alcohol.—B'EtBraq.—B'JI.PtCl^uq (Junglleisch 
a. Leger, C. R. 106, 357). ' 

CinchoniUiieC,,H,.N..O. [130°].[a]„ = f 53-22° 
in alcoliol. Prepared as above. Uhombic prisms, 
dextroiotatory. SI. sol. water, v. sol. most sol¬ 
vents. Its aqueous solution is turned blue by 
litmus and red by phcnul-phthalein. Reduced 
in the cold by KMnO^. Yields the same products 
as cinchonine on heating. 

Salts.—B'HCl 3aq [22G°]; v. sol. water [a]D 
r- + 5 ®._B' 2 HClPtCl 4 aq; yellow prisms.— 
B' 2 nCLAuCl 3 ^aq ; pri'^ms.—B'llBr 3aq; prisms, 
less soluble Than tlie chloride.—B'HI aq ; B’21II; 
B'HCNS aq. 

Methyl %ind ethyl compemnds B'Mel 
[235°]; B'Etl; B'EtBr are all three v. sol. most 
solvents (Jungfleisch a. Leger, G» R. 106, 657). 

Cinchotenine C, 8 H 2 ,N. 20 ,. [198°]. [a)n = 135° 
in a 2 p.c. alcoholic solution. The chief product 
of the action of KMnO, on cinchonine dissolved 
in dilute H. 4 SO 4 (Skxaup, B. 11, 311; A. 197, 
! .376). Needles or plates (containing 3aq). Dex- 
i trorotatory. Not attacked by cold KMnO,.—■ 
I B'HjPtClg; prisms.—B'(H. 4 .uOl,) 5 ; needles. 

Cinohotenicine C,„H. 4 oNjOj. [153°]. The sul- 
j phate is formed by fusing cinchoteninesulpbat* 
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It IB fobbly dextrorotatory, and forms an amor- 
pbous platinoohloride. 

CinchoniMne C,.,II.aN.p. in a 2 

p.c. solution in ohlorofonn. Formed by heating 
the acid sulphate of cinchonine or cinchonidine 
(Pasteur, H. 37, 110; Hesso, A. 17B, 253). 
Formed al» by heating the tartrate or acid tar¬ 
trate of cinchonine, and by heating cinchonine, 
cinchonidine, or cinclionino sulphate witli glyce¬ 
rin (Howard, C. J. 25,102 ; Hesse, A. 147, 242; 
IGG, 277). Slightly yellowish viscid mass, which 
becomes a mobile liquid at 50®. • V. sol. alcohol 
and ether. Its dJcohoIio solution tastes bitter 
and is alkaline to litmus. Cl and Nil, give no 
green colour. Bleaching-powder gives a win to 
pp. in a solution of its l)ydrochlori<le (dilfermce 
from cinchonine and cinchonidine). Dextro¬ 
rotatory. 

Salts.—B'lII: prisms, m. sol. cold water.— 
B',H,Cl,(PtCl.),4aq (?). —B H,lHCl„aq. - - Oxa¬ 
late taqislendcrprisms.—Acid tar¬ 

trate B'Cji^O,, im. 

Apocinchonine C,,,n,,N,0. [;200®]. [a]„==l(;()® 
in a 1 p.c. alcoholic solution at 10'’ (llessn, .4. 
205, 330; Ondenmns, It. T. C. 1, 173). Formed, 
logi'Llier witli diapociuchonino, by lieating cin- 
clionine with HC! (S.H. 1-125) at 150 ”. The pro¬ 
duct is nearly neutralised with ammonia, alcohol 
is added, and the solution hoate<l to boilin;'; ex¬ 
cess of NH, now pps. apocinchonine. I’ri.smSjSl. 
sol. etlicr, insol. water. 

Salts.—Tlie salts arc dcxtrorotatoiy,for the 
neutral 8alt[a]„ vanes from ISO® to 215°; for 
the basic salts from IGl" to 170B'nCl2aq.— 
B'lI,PtCl,2aq. — B'lll’.r a(i. B'HIaq. - 
JP.,H.,SO/2aq (II.).-B'.,H ,SO,3aq (0.).—B'liClO*. 
B'ilClO, aq. B'^H.C ,6,2a(]. 

Acetyl derivative C,.,II_.|AcN„0. [aji.ss?!® 
in a 2 p.o. alcoholic solution at 15°.— 
B'JI.,PtCl/2!iq. 

Apocinchonine chlorohydride C,.,TT ,,C1N ,0. 
[ll)7°j. [oj,*=211° (Oudemans), -205°'(Hesse) 
in% I p.c. alcoholic solution at 1G°. Formed by 
licaling cinclionino or apocincfioiiiiie with satu¬ 
rated HClAq at 150’ (Zorn, J. j;/-. [2J 8, 280; 
Hesse, A. 205, 348). Needles; v. si. sol. water; 
bI. sol. ether and alcohol. Doxtrorotatoi y. In 
the case of the neutral salts [a],, varies fiom215° 
to 229° ; for the basic salts it lies between 192 5° 
and 195° (O.). -B'Il.CI .. -B'HCl aq. - B'H Br...— 
B'H,.PtClc2aq. — B'..lI,SO,3aq. — irilNO,. — 
BUCK),B'HClO, a-a(i..rail. 

Acelyl dnrivati ve C|,,H;^AcClN D. [a],, 
" 108'ina2p.c.alcoholicsoliitiouat 16°. Amor¬ 
phous ; v. sol. alcohol and etlier. 

Apocinchonine bromohydride C,9H«,BrN,,0. 
From cinchonine and cone. HBiAq ^t 100° 
(Skraup, A. 201, 324). ‘Scales (from alcohol).— 
B'HnBrj: ci^stals. , 

Apocinchonicine C,gH.^^N.p. A resinous base, 
formed by hating apocinchonine acid sulphate 
at 140°. Inactive; v. sol. alcohol and ether.— 
B'HjPtCl9 2aq. 

!Di-apocinchonine {C| 9 lI.^jN,. 0 )j. ta]n="20° 

In a 2 p.c. alcoliolic solntion at 15°. Formed 
by the prolonged action of HCl on apocinchonine. 
Amorphous powder, v. sol. alcohol and ether. 
Dextrorotatory.—B'H^PtCl„4aq: amorphous. 

Acetyl derivative Cs^lIiaAc^N^Oa. [a]„ 
■•20° in ft 2 p.o. alcoholic solution Yellow 


amorphous mass.—4aq; amorphoui 
pp.-B'(HAuCl,),2aq. 

Iso-cinchonine [127°]. 

Crystalline. Formed together with cinchonine 
by boiling cinchonine-chloro- or bromo-hydride 
(CipH-jaClNoO or CjyHjjBrNoO) with alcoholic 
KOH.a V. e. sol. alcohol, ether, benzene, chloro¬ 
form, acetic ether, andCS,,Bl. sol. ligroin, nearly 
insol. water. It forms easily soluble salts. The 
zinc double chloride C|.,H 2 _.N^O, ZnClj, H^Clj 
forms small needles (Comstock a. Konigs, B. 20, 
2521). A substance called isocinchonine has also 
been obtained by Hesse (^4. 243,149) among the 
products of the action of cone. H^SO^ on cincho¬ 
nine. 

CINCHOTENICINE v. CiNcnoNiNE. 

CINCHOTENIDINE v. Cinchonine. 

CINCHOTENINE v. Cinchonine. 

CIKCHOTHIjfE V. Cinchona hases. 

CINCHOVATINE i;. Auicine. 

CINENE Cynene. (181°-182°). S.O. 

iS *854 (Wallach a. Brass, A. 225, 309). 

Formation.— 1. By passing HCl into boiling 
oleum cinre (worfh-soed oil) or cineol (c/. Volekel, 
A . 89,358).—2. From cineol and BzCl.—3. From 
C|ull,«F (got from cineol and HI) and aniline.— 
4. Among the products of the distillation of 
caoutchouc (wlien it is called caoutchin).—5. By 
heating isopreno at 2G0°. 

J’jojjeiijcs.—Oil, with pleasantodourof lemon. 

Reactions. —1. JJmmine added to its cold so¬ 
lution in alcohol or ether forms the tetrabroraide 
C,„H, 6 Bri [125°J.—2. Cone. H^SO^ converts it 
into cymene, giving oil 80.^. PjSj behaves 
similarly. (K also Tbui'Enes.) 

Dihydrochloride CioHjjClj. [50°]. 

JJiJiy drobrornide [G4°]. White 

silky plates. Formed by the action of HBr gas 
upon woim-sced oil. It is slowly decomposed 
ou standing in contact with alcohol. On heat¬ 
ing or by boiling with water or dilute alkalis it 
loses HBr giving cinene. It defeomposes on 
keeping in the eonrse of several weeks (^oll ft- 
Hitter, B. 17, 2G09). , 

Dihydroiodido CioHiJj [77°J. White 
felted needles. V'ormed by the action of gaseous 
HI upon worm-ae- d oil. It decomposes on keep¬ 
ing in the course of a few days, and quickly in 
contact with alcohol. By zinc-dust and water 
it is reduced to evni^iie di-hydnde Ci^IIjs (Hell 
a. Hitter, B. 17, 2011). 

Dihydride CJL,,. (166°). V.D.»5 (obs.). 
Colourless liipiid, of ethereal odour. Formed 
by boiling cinene-di-hydroehloride or cineno-di- 
hydroiodule with zinc-dust and water (Hell ft. 
Hitter, B. 17, 2612). 

CINEOL C,oH„(). (176°). S.G. ^ *927. 

1-158. V.D. 5-12 (Wallach a. Brass, A. 226, 
^95; 245, 195 ; Gladstone, C./. 49, 621). The 
chief constituent of oleum cime and of oil of 
cajeput; occurs also in oil of rosemary (Weber, 
238, 80). Ijiquidf smelling like camphor, in¬ 
active. Boiling HNO 3 (S.G. 1'15) forms oxalic 
acid only. 

Reactions.—1. HCl passed into its solution 
in ligrom forms crystals of (C,oII,„ 0 ) 2 HCl, a 
body which is decomposed by water, reproducing 
cineol, but when lieatcd alone produces cinene: 
{C,..H,,0).HCU2H,0-fHG1 + C.„H,„. — 2. HI 
passed into oleum cinse ultimately converts it 
into a cryetalline mass of CioH,,!,. Crystallised 
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from light petroleum, this forms trimetrlo 
tablets: a:6M-;7688:i{-7074 [78*6®]. Alcoholio 
EOH converts it into cinene.—8. Excess of 
Bromine added at 0® to a solution of oineol in 
light petroleum forms red oiystalsof OjoHjaOBrg. 
These crystals decompose on keeping, ^ming 
oinene tetrabromide and water: 20 ,^ig 0 Br 3 
• 0,oH,,Brg+2^0 + 0,^,,. When a smaller 
quantity of Br is added to a solution of cineol in 
light petroleum, needles of (C,oHigO) 2 Br 2 are 
formed (Wallaoh, A. 280,228).—4. Cineol also 
combines with iodine forming crystals of 

(C„H.gOiA. 

Constitution, —Sodium, PCIj in the cold, and 
BzOl at 120® do not act on oineol. Hence it 
appears not to contain hydroxyl. At 150° BzCl 
removes HjO. Hydroxylamine and phenyl- 
hydrazine do not act on oineol. Brubl 
(£. 21, 461) gives cineol tHo constitution 

Pr 

O I since it IS opticellj; inactive and on 


{lassiog HCl through it it is converted into opti- 
ClPr 

«ally inactive • 

h\/’h, 

ClMe 

Isomeridetof Cineol are described onderBon- 


Weol; t).alsoCxMPHOBS,vol.i.p.672. The matter 
will be less complicated if we can assumo the 
axistence of only two compounds of the formula 
Ci^ijOHwith rotatory power -h 38^ and —38° 
respectively, the others being mixtures of these 
in varying proportions. Thus the licvorotatoiy 
oamphols derived from Blumea 

hdUamifera (K’gai camphor and also, from the 
same tree, BangPhi5n), Martico camphor, the 
camphor from oil of valerian, and that from 
madder, are in all respects identical (Haller, 
Co 103, 64,151). Ordinary bomeol is a cineol 
of rotatory power + 38°. Camphol from amber 
appears to be partly of the racemic character 
(ivC. an inactive compound of campholsof rotatory 
power +38° and —38°) And partly of dextro¬ 
rotatory bomeol (Haller, C- R. 104,66). By dis¬ 
solving a camphol (50 g.) in toluene (150 g.), 
heating with sod^ui^ (G g.) and passing in cya¬ 
nogen a product is got whence water extracts a 
eamphyl carbamate OjgHjy.O.CO.NHj. Thopro- 
dnot derived from dextrorotatory camphol is 
described (vol* i. p. 528) as bomyl carbamate. It 
is dextrorotatory and forms dextro-hemihedral 
crystals. Lssvorotatory camphol forms ad 
isomeride [127°] which is hevorotatory ([a]o 
B - 29*90°), and crystallises in Itevo^hemihcdral 
forms. In each preparation, eamphyl carbonate 
(G,gH.,) 3 CO, if a by-product; the carbonate 
from Dorneol if dextrorotatory while that from 
levorotatory camphol if heyorotatory. Both 
melt at 216^Haller, C. R. 98, 578). 

OUTKAlultH V. Reneyl ether of Cinnauio 


CIHHAICEHE v. Sttrbnb. 
OIKVAXEKYL COMPOUHBS 
€cHg.CH:CH-X v, Sttbui oompoonm. 


CIBKAKSNTI ■ AHIDO ■ PHSKYL - H£B. 
CAPTAN Cj^Hj.NS i.e. 

C.H,<g>C.ck;CH.O.H. [111°]. Prepared by 

the action of cinnamic acid on amido-phenyl- 
mercaptan (Hofmann, B. 13,1235). /tlolourless 
prisms. Sol. alcohol. Weak base. On fusion 
with KOH it is split up into cinnamic acid (which 
is further converted into benzoic acid) and 
araido-phenyl-mercaptan. 

Salts.—B',HCl: unstable salt.— 
(B'HCl)PtCl,; yellow needles.® 

CINNAMIC ACID C,H,0, i.e. 
CyHj.CHtCH.CO.^H. PhmyUacrylicacid. Benzyl- 
idene acetic acid. Mol. w. 148. [133°] (Kraut, 
A. 133, 93; 147, 112). (300°). S.G. 4 1*248 
(Schroder, B. 12,1612). S. *03 at 17°; S. (alco- 
hol)^2-3 at 20°; S. (CHCy 6 at 15°; S. (CS,) *9 
at 15°. Electi'ical conductivity: Ostwala, J. n»*. 
[2] 32, 365. 

Occurrence.— 1. In oil of cinnamon (DuAas 

а. P6Ugot, A. Ch. 57, 311; Heteog, Ar. Ph. 17. 
72; 20,169).— 2. In liquid storax which contains 
styrene, cinnamic acid, and styryl cinnamato 
(styracin) (E. Simon, A. 31, 265; D. Howard, 
C. J. 13, 135; Beilstein a. Kuhlberg, Z. [2] 7, 
489).—3. In balsam of Peru, which contains 
benzyl cinnamatc, benzoic acid, and cinnamic 
acid (E. Kopp, Compt. chim. 1847, 198; 1849, 
146 ; 1850,140; Kraut, B. 2,180; Belafontaino, 
Z. 1860,150).—4. In balsam of Tolu, which is 
similar in composition to that of Peru (Pr6my, 
^.30, 338; Dcville, A, 44, 304; E. Kopp, A, 
60, 269 ; Basse, B. 0, 830).—5. In gum benzoin 
from Sumatra (Kolbe a. Lautemann, A. 119,136). 

б. In the leaves and stalks of Globularia vulgaris 
(Hcckcl a. Schlagdenhauffcn, A. Ch. [5] 28, 69). 
7. In the leaves of Eukianthus japonicus (Eyk- 
man, R. T. C. 5, 297). 

Formation. —1. By heating benzoic aldehyde 
with AcCl for 21 hrs. at 125° (Bertagnini, Ci- 
mento, 4, 40 ; A. 100,120).—2. By Keating ben¬ 
zoic aldehyde with HOAo and ZnCU at 150° 
(Schiff, B. 3, 412’; Z. [2] 6,700).—3. By heating 
benzoic aldehyde (2 pts.), Ac^O (3 pts.), and 
NaOAc (1 pt.) at 145° (Perkin, C. J. 31, 389; 
Slocum, A. 227, 68). This reaction, commonly 
knoNvn as Perkin’s synthesis, is discussed under 
Aldehtdes (vol. i. p. 108). — 4. By the action 
of benzoic aldehyde on sodium malonato in pre¬ 
sence of Ac.p in the cold, COj being evolved: 
Ph.CHO + CH„{CO..H).. = PhCH:C(C02H)2 + H,0 
= PhCH:CH.Cb,H + C‘02 + H^O (Stuart, C. ^.48 
404).—6. By heating benzoic aldehyde with ma- 
lonio acid at 130° (Michael, Am. 6, 206).—6. By 
the action of KOH on benzyl-cbloro-malonio 
ether (Conrad, B. 13, 2160). 

Properties. —Monoclihicprisms (from alcohol) 
(Schabus, Sitz^W. 1850,ii.206). ^henquickly 
distilled it is out little decomposed, but when 
slowly distilled it splits up into G<^ and styrene 
(Howard, C. J. 13, 135). Volatile with steam. 
V. si. sol. water, v. sol. alcohol, v. e. sol. ether; 
V. si. sol. cold ligrom. 

Reactions. —^1. Bi^Ulation with lime gives 
styrene and benzene.—2. Potash-fusion gives 
potassium acetate and benzoate (Chiozza, A. Ch, 
[8] 89, 439; Eraut, A. 147, 113). Fusion with 
KaOH gives CO, and benzene (50 p.o. of theo¬ 
retical) (Barth a. Schreder, B. 12,1257^.—8. SO, 
forms sulphobenzoio acid. Boiling with HjSO^ 
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dUated with 1 to vola. water forms an oil, 
consisting of distyrene 0 ,aH,e and distyrenio acid 
0 H„Oa.—4. Cone. HNOj give 8 | nitro-benzoio 
acid, but a more dilute acid gives benzoic aide- 
jjyde.— 6 . Boiling with PbO,in aqueous solution 
forms ben%io aldehyde and lead benzoate (Sten- 
house, A.^, 1; 67, 79).-6. Chronm 
also forms benzoic aldehyde (Simon). KMnOa 
in feebly alkaline solution acts in the same way 
(A. Bauer, A. 220, 37). KMnO, in very dilute 
neutral solution at 0 ° oxidises cinnamic acid to 
PhCH(0H).CH{04I).C0,H (Fitti^, B.21, OFJ).- 
7 Br gives di-bromo-phcnyl-propionio acid (A. 
Schmitt, A. 127, ,119).-8. Foming HBr gives 

bromo - phenyl - propionio acid. Ill acts m a 
similar way.—9. ^odiuvi amalgam reduces it to 
phenyl-propionio acid (Erlonmoyer, A. 137,3271. 
Cone. HIAq does tliesame (Popoff,[2] 1, 111). 
10 HCIO gives chloro-oxy-pheliyl-propionic acid 
(Glaser, A. 147, 78; [2] 3, 05; 4,131).-11. 

Bolling aqueous K,SO, gives sulplio-phenyl-pro- 
pionio acid.—12»Chlorino acts on aqueous sodio 
cinnamate in two ways, viz.: 

(1) Ph.CHiCH.CO.Na + Clj 
Lph.onci.ciici.co,Na 

. Ph.CH.CHCl.CO.O + NaCl 

(_ I 

= Ph.CHiCHGl + COj + NaCl 
(2) Ph.CH:CH.COjNa + CI.; + H,0 
= Ph.CII:CH.CO .n + HCIO + NaCl 
= Ph.CH{OH).CilCl.COiH + NaCl 
producing w-oliloro-styrciie and chloro-oxy-phe- 
nyl-propionic acid (Erlonmoyer a. Lipp, /I. 219, 

104 )._13. Diphenylaminc and ZnCl;at250°iorm 

phenyl-acridine (Berntlison, B. 20,1552).—14. w- 
Oxy-bcTizoiG acid and ILSO, form a body C,^rl|,(Jj 
'' C*H (Kostanecki, B. 


orC,H,<go>C„H3. 

20, 3137). It forms adiacctyl derivative [260®]. 
15. S’Di-oxy-bemoic acid and HjSO^ give the 
oxy-dcrivaflve of the preceding [325®] whi^ 
Idrms a crystalline acetyl derivative CigH.AcO^ 
[255®] (K.),—16. Gallic acid ^ind HuSO, at 50 
form, in the same way, ‘ styrogallol,’ a dioxy- 
derivativo of the above %yhich crystd- 

liscB in minute yellow needles, melting above 3t)0 
(Jacobsen a. Julius, B. 20, 2588). Its di-acetyl 
derivative melts at 2C0®. ^ r» 

Salts (Herzog, J. jpr. 29, 51; E. Kopp, C. it. 
53, 634).-NH,A' ^aq: si. sol. cold water.— 
KA' iaq: monoclinic crystals; v. sol. water, m. 
sol. alcohol.—NaA' iaq: noodles (from dilute 
NaOHAq).—NaHA' 2 '(Perkin, C. J. 31, 388).— 
ka&f: curdy pp. insol. boiling water.—BaA^aq 
(Herzog).—BaA'j 2aq: pearly plates (Kopp).— 
BaA'- 3aq: iridescent leaflets or qtriated prisms 
(Rebuffat, 0. 11, 160).—CaA'* 2aq (H.; B.). 
CaA'jSaqiK.). S. -16 at ir.-SrA^4aq; 
nacreous needles.- -MgA^, 3aq: white neeiBes. 
CuA'(CuOJlJx: greenish - blue pp.- PbA,; 
crystalline^ powder or flattened needles. ^ 
CdA', 2aq.-MnA',2aq.-ZnA',2aq: prismatic 
needles (from hot water). ■rr\ 

Methyl ether MeA'. [34“]. (203“ i-VA. 
8.0. V 10415. FormdB by the action of the 
ethyl ether on methyl alcohol in presewe of 
NaOMe (Pardie, 0. J. 61, 628; cf. B. Kopp, 
0. B. 21,1876; Ansohtttz a. Kinnieutt, B. 11, 
1220; Weger, A. 221, 74). With Br it lorms 
0A-0HBr.0HBr.00.Me 


Ethyl ether EtA'. [12“] (Friedlinder, A. 
221,76). (268“) at 741 mm. (Brflhl, A. 236,19). 
(271''i.V.)(A. a. K,). S.S. V If^O- 1-660 
(B.). Preparation, —Cinnaroio acid (600_g.) ie dii- 
solved in dry alcohol (1 litre) and HOI is pass^ 
in to saturation. After 3 hrs. the product ia 
poured, into ioe-oold water. The oil is washed, 
dissolved in ether, and shaken with aqueous 
sodio carbonate, dried over OaCI,, and the ether 
evaporated (Perkin, jun., 0. J. 46, 171; c/. 
Herzog, Ar. Ph. [2] 17, 72; Marohand, A. 32, 
269 ; E. Kopp, J. pr. Pharm. [3] 11,72; Planta- 
mour, A. 30, 346). Bcaclions.—l. With bromine 
it forms C,H..CHBr.CHBr.CO.Et [69“].—2. So- 
dium-aceto-aeetie ether in presence of alcohol at 
100“ forms an acid OuHi.O. [140“]._ Its silver 
salt, AgA', forms radiating prisms, insol. water 
(Michael, J. pr. [2] 35, 354).—3. With sodium 
malonic ether »t 100“ in presence of alcohol it 
forms an oil C„H,,0, (305“-310“) or (216“ at 
15 mm.). Ph.CH:CH.COJEt + NaHO(CO.Et), 
Ph.CH.CHNa.CO.Et 
_ I -tHp 

CO.,EtS-CH-CO.Et 
Ph.CH.CH..COjat 

_ I +NaOH. On sapomfy- 

CH(CO.Et), , 

ing and heating the resulting acid CO, is evolved, 
and there results phenyl-glutario acid 
Ph.CH.CH,.CO,H 

I [138“]. Its silver salt, AgA', 

CH.CO,H 

is amorphous (Michael, J-pr. [2] 86,349; Am. 

^'^n%ropyl ether PrA'. (283“-284“ i.V.) 
(A. a. K.). b.G.® 10435 (Weger, il- 

Bemyl ether C^jHj.CHiCH.CO.OOH^O^j. 
Cinyiamein. [39®]. Discovered by Plantamour 
(A. 27, 329; 30, 341) in balsam of Peru (Prfimy, 

A Ch 70, 184; E. Kopp, Gompt, cWw*. 1850, 
140; Scharling. A. 74, 230; 97,184 ; Kraut, A. 
107, 208; Grimaux, Z. [2] 5,167). FormM also 
by boiling dry sodium cinnamate with alcohol 
and benzyl chloride for some hours. Short 
prisms (from alcohol). 

Phenyl ether 04 Hj.CjH..C 020 ,Hj: [78 ]; 
(206®) at 15 mm. Formed by the action of 
cinnamoyl chloride upon phenol. By slow dis¬ 
tillation it loses carbonio acid, giving sti^na 
Can5.0iHj.C,Hs (AqsohUtz, Bt 18, 1946; 0. /. 

p-Tolyl ether 0 ,Hj. 03 Hi. 00 jC,^• 

(230®) at 16 mm. (A.). By riow distillation it 
yields s-phenyl-tolyl-ethyjeua (A.). 

Phenylpropyl ether 
0«H,CJH,C0,.CH,,0H,.CH,.0,H»v Occurs m 
storax filler, A. 189, 863), and li ^ formed 
by treating styraoin bromide with aine ann 
tt on 

’ Thymyl ether 

(240“) at 16 mm. (A.). _ „ _ _ 

{S).Nhphtlfyl ether 

ri02®i. By distillation CO, is split on win 
formation of s-phonyl-naphthyUthylMio (A.). 
Oinnamyl ether _ 

OAOH:HH.CO.O.OH,.OH:OaOA 
[44^. S. (ether) 88; B. (alcohol of SA -826) 
M at 78“: 6 at 16“. Ooouts fa UqtKd ttorK 
(Bonastro, J.Ph. 1881, 888; B. Simon, i.»l, 
§6; E. Kopp, Ooiiwf. 

A, 70,1; Btreoker, 2. 70, XO; 74, XX2, WoUi, 
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A. 76, 297; Plantamour, A. 27, 829; 30. 841; 
Gossntann, A. 99,37C; Scharling, A. 97,90,174; 
W. V. Miller, 27. Rep. Pliarm. 24,1; 188,200; 

189, 344). Needles or prisms (from alcohol). 
Chlorine forms a viscid tetra-chioro- derivative 
CjfiHjXltO,. Br forms [15^ and 

C;tZortieC,H,.CH:CH.CO.Cl. [30®]. (170"*) 
at 68 mm. Prisms (Cahours, A. Ch. [3] 23, 341; 
Bostoski, A. 178, 214 (Claisen a. Antweilcr, B. 
13. 2123). 

Cyanide CbH,.CH:CH.CO.CN. [116'=’]. ! 
Prisms. Sol. ether, CHCI 3 , and CS.; v. ' 
b 1. sol. water. Prepared from tho chloride by 
the action of silver cyanide. On saponification 
it gives cinnamoyl-formic acid. 

Anhydride (C,n,.Cn:CTI.CO),0. [127°]. 

(Gcrhardt. A. Ch. [3j 37, 285; A. 87, 70). 
Crystalline. 

Amide C,Hj.CH:CH.CO.NrT.. [142°]. (v. 
Eossum, ^.1800, 302).- (CJI .C ir..CO.Nn).TIg. 

Anilide C.,H,.Cn:CH.CO.NiniH (C.ahouis 
A. 70, 43). Slender needles. « 

Diphenylainide CJI,.Cir:CII.CO.NPh,. 
[163°] (Bernthsen, 7?. 20, 1554). Needles. 

Nitrile CJI,.Cn:CH.CN. [11°]. (255®). 

From the amide and PCh,. Also from cinnamic 
acid and lead sulphocyanide at 190° (Kruss, B. ' 
17,1708). I 

Cinnamic acid dibromide v. Dr-naoMo-pnENYt- \ 


Mono-ethyl ether 

C«H,(COF:t)(CH:CH.C 02 H) [220°]. From p. 
aldebydo-teretphthalic ether, NaOAo, and Ao^O 
by Perkin’s reaction (L5w, A, 231, 369). Prisms 
(from ether). 

Other derivatives of cinnamic ^id arc de¬ 
scribed as Amido-, Bromo*, Chloro-, Htdrazido-, 
Nitro-, Sui-PHino-, SuLPHYDRo-, and Sulpho* 
CINNAMIC ACID. Oxy-ciiinamic acid is described 
as COUMARIC ACID. 

CINNAMIC ALDEHYDE C,n.O i.e. 

CJT,.C H,.CIIO. Mol. w. 13£. (129°). S.G. 
10197 (ilruhl, A. 235, IS). “ 1-619. 

1*083. 

Occurrence .—In oil of cas?ia and oil of cinna¬ 
mon, whence it may bo extracted by shaking 
with NaHSOi and distilling tho resulting crys- 
fnllino compound with aqueous Na^COa (Perkin, 
C. J. 31, 403; cf. Mulder, A, 84, 147; Berta- 
gnini, A. 85, 271). ^ 

Formation. —1. By oxidising cinnamyl alco¬ 
hol with the aid of platinum Hlack (xStrecker, A. 
93, 370).—2. By distilling calcium formate with 
calcium cinnamatc (Piria, A. 100, 105). 

Preparation .—A mixture of benzoic aldehyde 
(10 pts.), acetic aldehyde (15 pts.), 10 pts. of 
lOp.c. aqueous NaOH, and 900 pts. of water is 
allowed to stand for 8 or 10 days with frcciuont 
aliaking at about 30°, the cinnamic aldehyde 
being finally extracted with ether (Chiozza, A. 


PBOPIOKIO ACID. 

Cinnamic acid hydrobromide v. Bromo- 

PHENTI..PROPIONIC ACID. 

Cinnaxnic-acid-di-nitrite 
CrtHj.C2H.^(NOj2.CO H. Phenyhdi-nitrO‘propio- 
nic acid. Colourless crystals. Formed by direct 
combination of cinnamic acid with N^O,. Very 
unstable. By treatment with water or alcohol 
it evolves CO, and yields pliynyl-nitro-ethylene 
, C,H,.CH;CH(NO,) (Gabriel, B. IS, 2138). 
p-Aldehydo-cinnamic acid 
0,H,(CH0)(CH:CTI.C0,1I). [247°]. From tcre- 
phthalic aldehyde,NaOAc,and AcO by I’cikin’s 
reaction (Low, A. 231, 374). Flat prisms or 
needles. SI. sol. hot water, ether, or chloroform, 
more sol. glacial acetic acid. When sublimed 
it forms large plates. Salt.—AgA. 

Ethyl ether EtA'. Beduccs ammoniacal 
AgNO,. GivoS'by Perkin’s reaction 

C,H,(CH:CH.COJI){CH:CH.CO,Et) 

(v. Phenylene-di-acrylic acid). Reactioyie. — 

1. Beduces ammoniacal AgNOj with difficulty.— 

2. Does not react wi7<h NaOAc and Ac/).—3. On 
nitration gives nitro-aldehydo-cinnamio acid 

Di-bromide 

C,H,(CHO).CHBr.CHBr.C 03 H. [176°] (with de¬ 
composition). Prisma (from methyl alcohoj). 
Jnsol. water; v. sol. ether, chloroform, and 
alcohol. 

p-Carbozy-einnamic acidn ^ 
Cj 3 /CO,H)(CH:CH.C 05 jH) [1:4]. Got by sapo¬ 
nifying its ether. Powder, will not melt, but 
may be sublimed. Nearly insoluble in solvents. 
Does not combine with bromine in the cold.' 
Forms a nitro- derivative. 

Dihromide 

C3/CO,H)(CHBr.OHBr.OO,H). Di-hromo- 
carl^y-phenyl propionic acid. Formed at 100°. 
Will not melt. SoL methyl alcohol, from which 
U may be crystallised. 


I 97, 350; Peine, B. 17, 2109). 

I Properties. — Oil. Forms crystalline com- 
I pounds with HCl, HNO„ NaHSO,, KHSO 3 , and 
■ NHJISOt (Dumas a. P 6 ligot, A. 14, 65). 

Reactions. — With alcoholic NH, it gives 
: hydrocinnamide [100°]. With IICN it 

yields the nitrile of a-oxy-phcnyl-crotonic acid. 
Witli resorcin and dilute HCl it gives a resin in 
the cold (Michael a. Ryder, Am. 0, 1.34). HCl 
passed into a mixture of cinnamic aldehyde with 
phenyl mercaptan forms CHlIjG.HXf^SPh), 
[81°] (Baumann, B. 18, 88.5). with oarba- 
I mic ether it forms Ph.C.H.,.CH(NH.COjfet), 
' [13.5°.143°] (Bischoff.,/?. 7,1079). 
j Phenyl hi/drazide 
, CJ{,.C/£,'.C1I:N,HC«H,: [168°], yellow plates 
(I’isebcr, B. 17, *575). 

Anilide C,.H,.C,H 3 .Cn :N C„H^: [109°], 
yellow glistening plates. Very stable towards 
IICl. Forms crystallisablo salts with acids 
(Doebner a. Miller, B. 16,1665; Peine, B. 17, 
2109). 

Di-me thyl-amido-anilide 
C,H,.C,U 2 .CH:N.C,H,(NMe/ : [141°] ; yellow 
needles; sol. alcohol, si. sol. cold ether (Nuth, 
B. 18,/)74). 

Ethylene-di-am»ide 

(C..H 5 .C,H.,.CH:N),C,H,: [110°]; tables, m. sol. 
ether (Mason,*!?. 20, 267). * 

Di-bromide v, a/3-Di-BROMO-PHENYii-PRO- 

PIONIO ALDEHYDE. * 

CINNAMIC ALDOXIM 

CaH,.CE:CH.CH:NOH. Phenyl-acrylic aldoxim, 
[136°]. Fine silky needles. V. sol. alcohol, 
ether, acids, and alk^is, nearly insol. cold water 
and ligroin. 

Benzoyl derivative 0 ,Hi.C 2 H,.CH:NOBz. 
[125°]. White needles; si. sol. cold alcohol and 
benzene, insol. water and ligroin (Bomemann, 
B. 19,1612). 



CTTRACONIO AOTP. 


m 


aNKAMIC-CARBOXYLIC ACID v. Carboxij- 

fllNNAMia ACID. 

CINKAMIDOXIM CsH^N^O i4 

0«IIs.CH:CH.C(NOH)NH,. Piicnylallcnyl-amid^ 
o.vitn. [93®]. Fonued by direct combination 
of cinnam%nitrile with hydroxylamiue. Hod- 
like prisms. Sol. hot, less sol. cold water, v. sol. 
alcoliol, ether, and benzene, si. sol. ligroin. De¬ 
composed by long boiling with water. 

Salts.— B'HCI: [155®], fiat concentric 
prisms.—B'i;H^Cl 2 i^tCl 4 : concentr|o needles, sol. 
oicohol. • 

Methyl ether C,n,.C{NH 2 )NOMe: [9S®]; 
prisms; volatile with steam; v. sol. alcohol, 
ether, Ac., nearly ^nsol. cold water, more readily 
in hot. 

Ethyl ether C,H,.C(NH,)NOEt: [83®]; 
like the preceding. 

Benzoyl derivative CaH,.C(NIL)NOBz: 
[16^']; fine needles; v. sol. alcohol, more 
sparingly sol. benzene, oliloroform, and ether, 
insol.cold water.* On boiling with water it loses 
1 mol. Hp, giving phonyl-allcnyl-azoxim-bcnz- 
cnyl (Wolff, B. 19. 1507). 

CINNAMO-LACTONE v. Coumauin. 

CINNAMONE v. Di-iii:NZvr.iJ)RNK-ACBTONT:. 

CINNAMOYL-ACETO-ACETIC ETHER 
C,,H,P 4 i.e. Ph.Cri:CH.CO.CHAc.CO,Et. [40®]. 
From sodium aceto-acetio ctJier and cinnamoyl 
chloride (Fischer a. Kuzel, B. 10,100). Crys¬ 
talline grains (from ligroin). 

a-CINNAMOYL-BUTYRIC ETHER v. Dcn-yl 
idenc-ethyl-kCKTo-kc^-i'ic ktiikb, voI. i. p. HI. 

CINNAMOYL-rORmiC ACID tJ. Styiul-oly- 

OXYLIC ACID. 

CINNAMYL ALCOHOL CeH.oO i.e. 
C,H,.CH:CH.CH,OII. Styronc. Mol. w. 131. 
[3;rj. (254<^)at717 mm. S.G. 1-OUO. /Unl-5H2 
at 20® (Briihl, A. 235, 10). 69 7 (in a 9 p.c. 

alcoholic solution) (Kanonnikolt; Naslni a. Hern- 
heimor, Q. 14, 153). Obtained by distilling 
stvracin (cmnainyl cinnamatc) with jkiuooiis 
pmash (Simon, A. 31,274; Hamdohr, Z.Bharm. 
1858, 113; J. 1858, 440; Tol,*^. 70, 3). Long 
thin needles, smelling like hyacinths. SI. sol. 
cold water, v. c. sol. alcohol and ether. 

Reactions. —1. Oxidised by air and platinum 
black to cinnamic aldehyde; and by chromic 
acid mixture to cinnamic acid and benzoic alde¬ 
hyde.---2. Boiling with aqueous KOH and PbOj 
gives benzoic aldehyde.—3. Reduced by sodium 
amahjam in presence of much water to phenyl- 
propyl alcohol (Hugheimer, A. 172, 122). Re¬ 
duced by (15 p.c.) sodium amalgam by heating 
with a little water for 3 days at 100® it forms 
styrene C,Hh and methyl alcohol, as follows: 

PhCH:Cn.CIl,()H + IL = Ph.CHtOJI, +’Cn,,OH 
(Hutton a. Ilodgkinson.’C. J. 39,319).—4. Aque¬ 
ous HI (S.tf. 1’96) at 190® giys toluene and 
allyl-benzene (Tiemonn, il. 11,671).—5. Fuming 
HBO, form^ CpH,,SOaH (?) (Jacobsen, A. 146, 
90).—6. BPa forms cinuamyl oxide (C«H„)jO, a 
heavy oil. 

Acetyl derivative C^HpOAc. (246®). 

CINNAMYLAMINE (I1I„N i.e. 
C,n,.CH:CH.CH,.NH 2 . (100®). From cinnamyl 
chloride and alcoholic NH, at 300® (Ramdohr, 
Z. Pharm. 1868, 113; J, 1858, 448). According 
to Malbot (C. B. 106, 674) the chief product is 
di-oinnamyl-amine.—B'HCI: stellate groups of 
crystals.—: b 1. sol. cold water. 


j CINNAMYL CHLORIDE C,.H„C1 U. 
C,Hj.CH;CH.CH,pi. Aliquid, obtained by parsing 
HCl into cinnamyl alcohol. NaOEt converts it 
into oily OJHpBt (Ramdohr, Z. Pharm. 1858, 
113; J. 1868,448). KjS forms oily (C,.H«)jS. 

CINNAIIYLIDENE - DIACETONAMIKE 9 . 
Tol. i. j5. 28. 

CINNAMYLIDENE - DI - THIO -GLYCOILIC 
ACID Ph.CH:CH.CH:(SCHpO.,H)2, [143®]. 
Formed by the action of cinnamic aldehyde on 
thio-glycollio acid (Bongartz, B. 21,481). White 
plates (from hot water). By the action of zinc- 
dust in an alkaline solution cinnamyl thio-gly- 
collic acid is formed. 

CINNAMYL IODIDE C^HJ. From cinnamyl 
alcohol and PI^ Oil. Converted by alcoholic 
KCy into oily CflHpCy. 

DI-CINNAMYL KETONE v. Di-benztlid£me- 

ACETONE. • 

CINNAMYL-METHYL KETONE v. Bbnzvi- 

IDENK ACETONE. 

CINNAMYL-PHENYL-KETONE v. Phenxl- 
ClNNAMTIi-KETOmV 

CINNAMYL-THIO-OLYCOLIIC ACID 
Ph.CH:CH.CHj.S.CH. 4 .CO.,H. [77®]. The com- 
pound obtained by the action of cinnamic aide- 
hyde on tUioglycolHc acid when treated with 
zinc-dnstin an alkaline solution yields this sub¬ 
stance (Bongartz, jB. 21, 481). White plates 
(ftom dilute alcohol). 

/CH:CH 

CINN0LINECJI,N..i.«.C8H4< 1 .This 
\N ; N 

base has not been isolated. The first of its de¬ 
rivatives prepared was oxy-cinnoline carboxylic 
X(OII):C.COjH 

acid CJI j obtained by warming 

\N = N 

o-diazo-phenyl-propiolic acid with water (Rich- 
tor, B. 16, 677; v. also Widman, B. 17, 722). 

CINNYL. A name sometimos applied to the 
radicle cinnamyl Ph.CHiCH.CII^.. 

CIRCDLAR POLARISATION v. Physical 

METHODS. 

CITRACETIC ACID CHHeOfl. An acid said to 
be formed, together with accconitic acid, by 
treating bromo-acetic ether with sodium (Baoyer, 
.4.135,306).—Ba3A'"o2aq: gummy.—Pb,A "'2 2aq. 
CITRA-DI-BROMb-PYROTARTARIC ACID v. 

Dl-imOMO-PYROTAIlTARIC ACID. 

CITRA . CHLORO - PYROTARTARIC ACID 
t>. Chloro-ptrotartario acid. 

CITRACONANIL v. Phonylimide of Citra- 

CONIC ACID. 

CITRACONIC ACID Mol. w. 130. 

[80®]. S.G. 1-C. S. 238. Boo 44*68 (in a 7 p.c. 
aqueous solution) (Kanonnikoll, [2] 32, 

•^97). H.C. 477867 (Longiiinino, C. R. 106, 
1291). Heat of solution'. 2703 (Gal a. Werner, 
Bl. [2] 47,159). peat of neutralisation: 27082 
(G. a. W.). 

Foi'matum.—l. The anhydride is the chief 
portion of the distillate obtained by heating 
citric acid. It rapidly combines with water 
(Lassaigne, A. Ch. [2] 21,100; Bobiquet,4. Ck. 
75,78; Liebig, A. 26,119,162; Gottlieb, A. 77, 
265; Baup, A. Ch. [3] 33, 192; Kammerer, A, 
170,191; Wilm, A. 141, 28).—2. By the distil¬ 
lation of itaconic acid (Crasso, A. 84, 68), of 
llictic acid (Rngelbardt, A. 70, 246), of dtrai^io 
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ftoid (Oarins, A, 120,180), and of oi 7 p]rrotartBrio 
Mid (Demar^ay, 0. i2. 82,1387). 

iVoparfiM.—Monoolinio fonr^sided prisms. 
. BeliqnesQent. V. sol. water, aloohol, and etitier. 
Volatile with steam. By dry distillation it is 
partially resolved into its anhydride. 

Reactions.—1. Sodium amalgam in pjesonco 
of water reduoes it to pyrotartario acid.—2. 
Bromine unites with it in the cold, forming 
citra-di-bromo-pyrotartario acid (Kekul6, /. 1862, 
818).—8. Fuming hydric bromide unites with it 
even in the cold, forming citra-bromo-pyrotar- 
tario acid.—4. Electfrolyeis of the potassium salt 
forms allylene CH,.G:GH.—5. Water at 120® 
changes it to the isomeric itaconio acid.—6. 
Boiling dilute HNO, forms mesaconio acid.— 
7. OMorine acting on sodium oitraoonate in 
aqueous solution forms chloro-oitramalio, chloro- 
tnethacrylio, and tri-ehlorodsobutyrio acids and 
tri-chloro-aoetone (Gottlieb, J. pr. [2] 12, 1; 
Morawski, J, pr. [2] 12, 369). 

Salts.—NH,HA".—CaA"aq.-Can2A",3aq. 
CaA"5aq (Eammerer, A. ^ 148, 326). — 

SrH}A", 3aq. — BaHjA", aq : silky needles. — 
BaA"2|aq (Kfimmerer, A. 170, 191; Petri, B. 
14, 1634). — PbHaA'V — PbA". — PbA"2aq. — 
PbA'TbO.—AgHA".—AgjA".—Ag A" aq: hexa¬ 
gonal crystals. 

The acid aniline salt HA"NH 3 Ph loses ILO 
when its aqueous solution is allowed to stand for 
a few days, and deposits crystals of the acid 
aniUde CO,H.C,H 4 .CO.NPhH. 

The neutral aniline salt when boiled with 
water gives the phenyl-imide C 3 H 4 (G, 03 )NPh. 

The ethyl-aniline and me thy I-aniline 
salts do not give anilides when heated. The same 
is the ease with O^Hj.NMe, and G^Hj.NEt, salts. 

The ethyl derivatives of p-t o 1 u i d i n e behave 
^exactly like the corresponding aniline com¬ 
pounds. 

Bi-phenyl-amine oitraconate is only 
formed at 100®, since the PhjNH separates com- 
|detely on cooling (Michael, Am. 9,194). 

Methyl ether (212° i. V.). S. 3at 

16®. S.G. « M168; §§ 1*1050. Md 1’4442; 
Mb 1*4721 at 16*6®. From citraconic acid, methyl 
alcohol, and HCl (Perkin, C. J. 89, 555). From 
silver oitraconate and Mel. Oil; pleasant odour. 

Ethyl ether (232® i. V.). S.G. 

1*051; |g 1*038. M.M. d0*499 (Perkin, C. J. 
Proe. 8, 99). Mi> 1*4397; Ub 1*4659 at 16*5° 
(Gladstone). An alcoholic solution with sodium- 
ooeto-acetio ether at 100® forma an oil CuH^^O, 
(174®) at 26 mm. (Michael, J. pr. [2] 35, 354; 
Am. 9,118). 

Chloride 0,H*(COCl)y (95®) at 17*6 mm. 
S.G.lfHf 1*408. From the acid and PGlj (Strecker, 
B. 16,1640). 

Anhydride CjH^OjO,. [7®]. (214° i. V). 
S.G. 44 1.241 (Anschfitz, B. 13,1542; 14, 2788). 
Partially converted by distillation into zeronic 
anhydride (Fittig, A. 188,64/. Thiourea at 130® 
converts it intoN]^.C8.NH.CO.O,H..CO^ [223®] 
(Pike, B. 6,1106). 

Amide OiHiOjpTEyf. Thin colourless 
tables, sol. water, decomposes at about 186^ 
(Strecker, B. 15,1640). 

Jmide piO®]. Formed by 

dietilling Mid ammoninm oitraconate (Gottlieb, 
A. 77,274; Ciamioian a. Bennstedt, G.12,50B. 
Needlee (from water). Br forms 0|H,BrOf(NH); 


[c,181®] and OjH.BrA(NH) |:o.l44®]. O^H^OaNAg 
(Mendini, (?. 15,184). 

Anilide vC 4 H 40 j(NHPh),: [176®], long Oat 
needles, sol. tncohol and ether, slightly in water 
(Strecker, B. 15, 1639). 

Acid anilide C08H.C,B^O.NHPh. 
Citraconanilic acid. Formed sponmneously by 
allowing the aqueous solution of the acid aniline 
salt to stand for a few days. Largo trimetrio 
prisms or long needles. 

Phenylipiide OjH|<^^Q^NPfa. Gitracon- 

anil: [98®], formed by bailing aniline and 
citraconic acid in aqueous solution (Michael a. 
Palmer, B. 19, 1375; Am. 9,180). 

p’Ghloro^phenylimid^ 
0|n4:0202:NCaH4Gl. [114°]. From the preced¬ 
ing and Gl (Morawski a. Klaudy, M. 8, 399). 

Bromo.phenylimide *C 3 H 40 .MN.GaH 4 Br, 
[118°). Prom the phenylimido and Br (M. a. 
K.). 

Di-mtro'phenylimide 

[I 20 ’]. From the 
preceding, HNO, and HjSO, (Gottlieb, A. 85, 
21 ). 

Acid toluide * C02H.O,H4.GO.NHO,H, 
[166°]. Formed by warming an aqueous solu¬ 
tion of acid p-toluidine oitraconate. 

p-Tolylimide C3H,:C20..:NC„H,Me. [115°]. 

{ayNaphthylimidc CJl^CjNCioH^. [142°], 
(360°). Yellow plates, sol. most solvents, insol. 
cone. HClAq (Morawski a. Glaser, ilf. 9, 286). 

{$yNaphthylimide OisHjiO.^N. [110°]. 
From citraconic acid and (/3)-naphthylamino at 
176° (M. a. G.). Pale yellow needles. 

m-C arhoxy -phenylimide 

C.H,<^®>N.C.H^.CO,H. [218'’]. Formed by 

boiling w-amido-benzoic acid with an aqueous 
solution of citraconic acid. Prismatic needles, 
sol. hot alcohol and water, sol. dilute alkalis. 

Phenyl-hy dr azide N^IlPh. 

[160°]. Bright yellow needles; si. sol. cold, ▼. 
sol. hot, water. 

Isomerides of Citraconic Acid v. Itaconio 
A cin, Mesaoonio acid, Gboi'aconic acid, and 
Ethtlidenx-malonio acid. 

Constitution of Citraconic acid .—Citraconic 
acid stands to mesaoonic acid in the same rela¬ 
tion that maleic acid does to fumaric acid. The 
formation of allylene by the electrolysis of citra- 
oonic and mesaconic acids indicates the presence 
of a methyl group, so that citraconic acid is 
methyl-maleic acid, while mesaconic acid is 
methyl-fumaric acid. On the other hand, itaconio 
acid ir sa^ to give isoallylene 0H,:C:G^ on 
electrolysis. • 

Citraconic and maleic acids differ from the 
n^fo-isomerid4s in combining vigorously with 
halogens and BLBr. The ethers of citraconic 
and maleic acids have higher boihng-pointsthan 
those of mesaconio and fumaric acids, the differ¬ 
ence being much greater between the methyl 
than the ethyl ethers. 

On the oihcT hatfd, (a).coumario ethers have 
lower boiling-points than (8)-ooumario ethers. 

Citraconic acid with PClg gives mesaoonyl 
chloride, (al-coumario acid with PCI, gives {$)- 
ooumaryl chloride (Petri, B. 14,1634). 

The indices of relraotion of the oitraoonlf 
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tsd mesaconio ethers are nearly the same for the 
red end of the spectrum, but the mesaconic 
ethers refract the violet rays mor^owerfully. 

The ethers of oitraconic, ma^ic, and ^a)- 
coumario acids contract in volume on changing 
to the mor^table isomerides. The acid aniline 
salts of cinaconio and maleic acids readily 
change, especially when their solution is eva¬ 
porated at 100'^, into pbenylimides; the corre¬ 
sponding salts of mesaconic and fumario acids 
are not affected (Perkin, 0. J. 39, 661). 

The initial velocity of etherification is 29’3 
for itaoonio acid, 97*9 for mesaconio acid, and 
47*4 for oitraoonio acid (Menschutkin, J, B» 13, 
627; B. 14, 2630). 

CITSAMALIC tACIB v . Oxi-pibotabtibio 

ACID. 

CIXBANZLIC ACID t?. Phcnylimide of Citbio 

ACID. 

CITBATABTABIC ACID v. Di-oxy-pvbotab- 

XABlt ACID. 

CITBAZIC ACID v. Di-oxY-pyaiDiNB-OABBo- 

XTLIC ACID. 

CITBENE V. Tbrpenes. 

CITRIC ACID C,H,0, i.e. 
C02H.CH.,.C(0H)(C0J£).CHo.C0^H. [147®] 

(Grimaux a. Adam). S.G. 1*64. S. 125 at 15®; 
200 at 100°. S. (of aqin 80 p.c. alcohol) 

87 at 15°; S. (of C^HgO, in absolute alcohol) 
76*9 at 15°; S. (of C^HgO, in ether) 2*26 (Bour- 
{oin, Bl. [2] 29, 244); 8. (of C„H*0, in ether) 
9*1 (Lippmann, B. 12,1650). H.F. 354,000 (v. 
Bccbenbcrg). 

Occttmncc.—Inleraons, oranges, cranberries, 
cowberries, and sundew {Drosera intermedia) ; 
together with malic acid iu red currants, goose¬ 
berries, whortleberries, raspberries, and cloud¬ 
berries (Bubue Chamcemorus) ; together with 
both malic and tartaric acids in tamarinds and 
mountain ash berries (Scheele, Opuscula, 2,181; 
Berzelius, A. Qh. 94, 171; [2J 52, 424, 432; 67, 
303 L 70, 216; Robiquot, A, Ch. [2] 65, 68; 
Liebig, A, 6, 134; 26,119, 152.; 44, 67; Mar- 
chani J. pr. 23,60; Cahours, A. Ch. [3] 19, 
438; Pebal, A. 82,78; 98, 67; Tilley,PA. 18, 
305; Perret, Bl. [2] 6,42; Warrington, C. J. 28, 
925; Stein, B. 12, 1603; Kossovio, C. C. 1887, 
1157). Occurs also in certain plants, e.g. celan- 
idine (Haitinger, M. 2, 485), leaves of the wild 
che^ (Rochleder, Z. [2] 6,176), Lupinue luteus, 
Viciasativa(vetoh)t Vicia Faba, Pisumsativum 
(peas) and wnite beans {Phaseolus) (Bitthausen, 
•1.^. [2] 29, 357). Occurs as lime and potash 
salt in tobacco, and in the juice of lettuce. Oc¬ 
curs in the root and leaves of madder (Boch- 
leder, A. 80, 322; Willigk, A. 82, 343), in, beet- 
root (Michaelis, J. 1851„894; J. pf. 64, 184; 
Schrader, A. 121, 370), and in young vines 
(Wittstein, 4857, 620; Vier. Pharm. 6, 
192). 

Synthesis.3-Vi-ch\oro-Q.cGione combines 
withhydrogenoyanidGforming(CH 2 Cl)jC(OH).CN 
which is converted by saponification' into 
(CHj01),0(OH).CO^, whence KOy readilyforms 
(ON.OByjC(OH).CO^ whioh is converted by 
treatment with HOI into citric acid (Grimaux a. 
Adam, A. Ch. [6] 23, 866; 0. B. 90,1262). 

Preparation.—L&mon juice is allowed to 
undergo incipient fermentation, and is then 
boiled with chalk and lime. The ppd. calcium 

Yol. U. 


by aa equivalent quanti^ 

of H^SO,. 

Properties .—Usually crystallises in efflores¬ 
cent trimetrio prisms (containing aq) a:b:o 
=• *6068:1: *4106. Different specimens of crys¬ 
tallised citric acid when powdered and left over 
HjjSO^ h)se water at very different rates (Gros- 
jean, 0. J. 43, 331). From boiling solutions 
citric acid separates in anhydrous crystals 
(Sarandinaki, B. 6,1101). Crystals containing 
2aq may sometimes be obtained (Cloez). Lime 
water produces little or no pp. in the cold, but 
calcium citrate is ppd. on boUing. Calcium 
citrate is insoluble in KOH; it dissolves in NH«C1, 
but is reppd. on boiling. Citric acid differs also 
from tartaric acid in not forming an insoluble 
acid potassium salt. Boiling, strongly alkaline, 
permanganate is reduced by citric acid to man- 
ganate only, tho liquid becoming green, whereas 
in the case of tartaric acid the reduction pro¬ 
ceeds further, the liquid becoming brown (Chap¬ 
man a. Smith, Laboratory^ 1, 89 ; cf. Wimmel, 
Z. [2] 6, 286). F^eClj gives a light yellow pp. 
in a hot solution of an alkaline citrate; the 
pp. dissolves in excess of the citrate (Kammerer, 
Fr. 8, 298). Silver citrate dissolves in hot water 
without blackening. Cone. KjCr.p,Aq is 
blackened in the cold by tartaric acid but not by 
citric acid. 

Estimation (in lemon juice).—The juice is 
neutralised with Na,CO„ CaOlj is added, and the 
liquid boiled. The pp. is collected and washed. 
The filtrate and washings are treated with NH, 
and evaporated to a small balk. Some more 
calcic citrate then separates (Grosjean, C. J. 43, 
332; cf. Fleischer, Ar. PK [3] 6, 97; Allen, 
C. N. 32, 277; Crease, Ph. [3] 2, 647). A second 
concentration may then be effected, when a third 
quantity sometimes separates. Turmeric is better 
than litmus as an indicator in alkalimetric ex¬ 
periments with citric acid (F. Watts, S. C. T. 6. 
214). 

Reactions.—1. By heat it is split up at 175*^ 
into H^O and aconitio acid CeH,0„ which oa 
dry distillation again splits up into CO, itaconiO' 
acid CjHrtO*, citraconio anhydride OjH^O,, and 
acetone.—2. By heating with water (10 pts.) at 
160° it is split up into itaconio acid and CO, 
(Markownikoff a. Purgold, Z.[2] 3,264).—3. Cit¬ 
ric acid (100 g.) heated with water (50 g.) and 
sulphuric acid (100 g.) for 5 hours gives aconitio 
acid which separates on cooling (Hentsohel, 
J. pr. [2] 35, 206). 100 g. citric acid heated 

with 100 g. water and 6g. HjSO^ at 170® give 
aconitio and itaconio acids (Pawolleok, A. 178, 
152).- 4. Cono. H^SO, at 40° gives off CO, CO,, 
and acetone, and forms an acid whose acid 
barium salt is (C^H^SO J,Ba, and is converted by 
bw^yta-water into (0*HjSOJ^a (Wilde, A. 127, 
170).—5. On dry distillation with glycerin, it gives, 
besides aoetonp, acrolein, CO, and CO„ a distil¬ 
late containing the* pyruvic ether of glyoide 
CH,.CH.OH,,O.CO.CO.CH,. [82®]. (241®) 



(De Clermont a. Obautard, 0. B. 105, 620).—4. 
Cono. HClAq at 150® gives aconitio acid; at 200® 
it also forms diconio acid 0,H,oO„ and gives off 
CO and CO, (Hergt, J. pr. [2] 8,878).—7. An 
aqueous solution mixed with yeast and chalk 
and exposed to the air at 25® forms acetic and 

O 
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butj^io aoids (How, a /. S, 1, Personne, 0. B. 
3b| 197).—8. ChlorvM acting on a oono. aque¬ 
ous solution of sodium citrate forms hexa-ohloro- 
acetone and cliloroform. Br acts in the same 
way (Cloez, 0. B. 68 » 1120).—9. Potash-fusion 
gives oxalic and acetic acids (Liebig, A. 26,158). 
10. Acetone is formed by distilling 8 <^ium 
citrate with lime (Freidl, M. 4, 161).—11. An¬ 
hydrous citric acid is converted by a mixture of 
fuming HHO, (1 pt.) and H 2 SO 4 (2pts.) into the 
nitrate G,H 4 ( 0 N 03 )(G 02 H), erroneously called 
nitro-citric acid. It is insol. ether, and forms 
insoluble salts BajA"', and PbgA"', (Champion 
a. PeUet, Bl [2] 24, 448).—12. Citric acid (1 
mol.) heated with glycerin (1 mol.) at 100 ® 
forms glyceryl citrate OaHj.OaHaO, a glassy 
mass, insol. water (Bemmelen, J. p*. 69, 84). 
Excess of glycerin at 170® gives so-called 
citro-diglyoerin 0 ,jH, 90 ,o(?).^—13. Citric 
acid (1 mol.) heated with mannite (1 mol.) 
at 140® forms citromannitan 
(Bemmelen, 1858, 435). Excess of citric acid 
(2 mols.) heated with mannite at 150® forms 
dioitromannitan C|gE^O|(. <Both bodies are 
amorphous. 

Salts. —triclinio crystals. — 
(NHXHA" 8 .G. 1-479 (Clarke, Am. 2,174).— 

(NHjjA^'^aq: deliquescent. Ferric and alumi¬ 
nium oxides, fresMy precipitated, dissolve in a 
solution of ammonium citrate, and from the solu¬ 
tions when evaporated salts of the general type 
CgHgO,H(NH 4 ) 2 { 0 ,H 5 O,(NH 4 ) 2 )jM 2 H 2 O crystal- I 
liseout. Similarlymagnesium,manganese,nickel, ' 
cobalt, zinc, copper, and mercuric oxides dissolve 
in ammonium citrate to form salts of general 
type [CgHgO,(NHJj 2 ^ generally with 1 mol. 
HgO. Solutions of these salts are not precipi¬ 
tated by ammonia, the alkaline hydroxides and 
carbonates, bat completely precipitated by H^S 
or ammonium sulphide. The oxides and carbo¬ 
nates of Ba, Sr, and Ca decompose boiling solu¬ 
tions of ammonium citrate forming insoluble 
pps. of the corresponding salts CsgA'",, &c. (Lan- 
drin, A. Ch, [ 6 ] 25, 233; C. B. 86 , 1336).— 
(NH*)aH 8 A"', (Heusser, P. 88 , 121).—LijA"' (?) 
(Thomson, Ph. [3] 13, 783).—NaH^A"'aq.— 
NajHA^'aq: needles.—NagA'^Siaq. S.G. ^ 

1*858 (Clarke, Am. 2, 174; Kammerer, A. 148, 
294; 170,176). . Trimetric prisma or groups of 
silky needles. — Na,A"' ‘iaq (Heldt, A. 47, 
157). — KH.A'" 2aq. - K^HA'". - K,A'" aq.— 1 
K,(NH.),HA."V- Kj(NH,)A"'. - K,Na,A%6iaq. i 
K^a^'\ llaq.—Tl^A'" (KuUmann, 0. B. 66, ! 
607).—BajA"'27aq: amorphouspp.—Ba,A '"2 6aq: j 
groups of minute needles, formed by boiling 
the above with water.—Ba^A'", 3^aq : minute j 
monoclinic prisms, formed by treating either 
of the two preceding salts with ammonia.— I 
Sr,A'",6aq; minute silky needles.—SrjA'"«2a<i: 
8r,H,(C.HA)4 llaq- — Sr,H,(CgH40,)4 2^^.- 
Ca,A '2 4aq. From NsgA'" anA^aClj t pp. changed 
in water at 100® into minute transparent needles. 
Oa,A%7aq.—CaHjA^aq.—Mg 4 H 2 (C,H 40 ,), 8 aq. 
Mg,A'", 9aq. - Mg,A'^ 6iaq. -Mg,A"',7aq. - 
Mg„Hj{C,H,0,), 13aq. — Mg,H,(0,H,0,), 3aq. — 
Mg,A Maq.—Mg(»H,),A"', 2aq (Landnn, C.B. 
86, 1886).— Zn,^"',2aq. — Zn,H,(0,HjO,),.— 
ZnjH,A'", 2aq.—ZnfflH,) ,A"',.—iaq. — 
Cd»A"',10aq.—0d,H,(0,H4O2)jl8aq: needles.— 
Cd,H,(CaH,0,)4 27aq. — COiOgH.0,2^aq: green 


erjrBUJUne preeipitate which is ohteiaed bf bofl. 
ing a solution ot ouprio carbonate in citric acid.— 
OUjHjiOjHjO,), 16aq: greenish pp. got by adding 
alcohol to the t(.)OTe eolation.—Cu(NH 4 ),A'",aq 
(Landrin, O.B. 86, 1886).—Pb,A"'j 3aq: crystal¬ 
line pp. from lead nitrate and Na,A"'. — 
FbjOfHiO, 2aq: amorphous; got by h{)ating the 
preceding wiUi ammonia.—Pb,A"', aq: amor- 
phouB pp. from alcoholic Pb(OAo), qnd citric 
acid. — PbHA'": oryetals, v. sol. water. — 
Pb,A"',PbjO,3aq (at 100°) (Otto. A. 127, 176).— 


oryst^line powder formed by boiling citric acid 
with MnCO, (Heldt); the following salts are 
formed at the same time (E.).' Sodium citrate 
does not precipitate salts of manganese. — 
MnHA"' aq.—Mn,A"', 9aq: trimetrio prisms.— 
Mn.H,(0,H,O,). 16aq.—Mn,H,(C,H,0,), 18aq.— 
MnjNHJjA"',.—FeIiA'"aq: crystalline powder 
formed by boiling iron with aqueous citric acid:— 
FeNaA'": apple-green scales (Bother, Ph. [8] 13, 
629).—Fe(OH)Na,A"': amorphous grass-green 
powder. — FeNSjH^'^. — FeNafliPO,) A".— 
FeA"' IJaq: got by dissolving Fe(OH), in citric 
acid. Light brown film.—Fe(OH)HA'"2aq 
(Sohiff, A. 126, 147).-F6(NH,)A"'.: greenish- 
yellow mass.—Fe(NH4)jHA"',.—Fe(NH,)HjA"V 

(FeO),(NH 4 )A"'4aq. — FeA"'(NH,), 3aq. — 
Fe,(NH 4 )..( 0 ,,H, 0 ,)j 3 aq (M 6 hu. J. 1873, 670).— 
Fe(OH)(NH,),A"',2aq. — Al(OH)(NH,),A"'j.— 
SmA'" 6 aq: amorphous pp. sol. ammonia. Phe 
ammoniaoal solution does not become turbid on 
heating (Cabve, Bl. [2] 43,172).—T,A"', 14aq.— 
LaA'" 3Jaq (Czudnowicz, J. 1860, 128 ; J. pr. 
80, 31). — CeA"'3Jaq. —K,SbA'",2iaq: hard 
prisms grouped in tufts.—BiA'": granular pp. 
obtained by boiling bismuth nitrate with citno 
acid (Bother, Ph. [ 8 ] 6,764 j Gavazzi, 0. 14, 289). 
—ffliO)(NH,)^"': obtained, together with the 
following body, by boiling the preceding with 
ammonia.—(BiO)(NH,)HA'".— BiA"'4Bi(OH),: 
gelatinous pp.—BiA"'(NH,) 3aq (Bartlett.C. N. 11, 
28).—FeA'''BiA'"(NH,), 3aq.-Ag,A'": powder; 
oryatallisea from water in needles. — AgjHA'" 
(EOnnefahrt, A. 1876, 662),—Ag,A"'(NH,) Ifaq 
(W 6 hler, A. 97, 18).—Ag,A"'(?) (W.): got by 
heating Ag^A"' at 100° in a onrrent of hydro- 
gen. — AgjCaCjHjO,. — Telluro - citrate. 
E^^'^TeOH, aq; leaOets, v. sol. water; formed 
by adding citrio acid to a solution of potassium 
tellurite and evaporating (Elein, O.B. 102,47).— 
Boro-oitrates. Boro citric acid H,A'" 2 HB 02 at 
80° is formed by dissolving boric acid (1 mol.) in a 
eolation of citric acid (2 mols.). It is a deli¬ 
quescent mass. The boro-oitrates are formed by 
dissolvi-ig borio acid in solutions of the citrates. 
The magnesium borooitlates do not crystallise.— 
No,A'"SHB 0 rz-Na 2 HA"' 2 HB 02 .— 
NaHjA^HBO- -E.H A'"2HBO,. —^A'-'SHBOj. 
EHjA'"HBOr-KH 4 A'", 2 HBO„- 
LiH,A"HBOr—Li,HA'" 2 HB 02 .-iti,A"' 3 HBO, 
MgH,A"' 2 HBO,.—MgjHjA'VHBOr— 
Mg,A"' 26 HBO, (Soheibe, Ph. [ 8 ] 11, 889).— 
Aniline salt NFbHjO,H,0,. Needles (Febal, 
A. 82,91). At 146°* it changes to the phenyl- 
imide. ^-Cnmidine salt C,H 2 Me,NH,H,A"' 
[188°] (Schneider, B.21, 860). 

MHhyl $ther MeH^A"' (Bemondesir, A. 
60, 802). 
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Di-methyl ether (3t. Evre, id. 

60 325). 

Tri-methyl ether MegA't. [79®]. (o. 

286®); (176® at 16 mm.). Formed, together with 
the two preceding bodies, by passing HDl into a 
solution 4 oitrio acid in MeOH (St. Evre^ C. It. 
21, 1441). Triclinio crystals. Wrtly split up 
on distillation into H^O and tri<methyl aconitate 
(271®). PClj gives oily OsH.C^COjMe),. 

Acetyl-trimethyl ether 
0,H,(OAo)(CO,Me),. (281®); (HI® at 15 mm.). 

Mono-ethyl ether Formed by 

the action of sodium amalgam upon wet EtsA'" 
(Claus a. Boennefabrt, B. 8, 866). Formed also 
by boiling citric ^id with acetic ether (Ereitmair, 
B. 8, 737). Thin prisms; v. sol. water, alcohol, 
and ether.—NsjEtA'" (at 100®); prisms.— 
Ag,EtA'". 

Di-ethyl ether Et^HA'". (218®) at 60 mm. 
Formed, together with tlie preceding, by the 
action of sodium amalgam on wet oitrio ether.— 
NaEtjA'": delitescent. Formation. —(Conen, 

B. 12, 1653; Buhemann, G. J. 51, 404). 
Tri-ethyl ether EtjA'". (218® at 60 mm.) 

(Buhemann, B. 20, 799; 0. J. 61,404); (213® at 
35 mm.); (263° at 300 mm.) (Conen, B. 12, 
1663). S.G.\®M37(0.). naViBld. 10609 
(Brual). Formed by heating oitrio acid with 
alcohol and H-^SOf, or, better, by saturating an 
alcoholic solution of citric acid with HCl (Th4* 
nard, d'Arcueil, 2, 12; Malaguti, A. Ch. 
63,197 ; Dumas, 0. B. 8,628; Marchand, J. pr. 
20,318; Heldt,il. 47, 157; Demondesir, 0. R. 
33, 227; Pebal, A. 98, 67; Claus, B, 8, 867). 
Oil; V. sol. alcohol and ether. It boils with do- 
romposition at 280®. 

Acetyl-tri-ethyl-ether 

C, H,(0Ac)(C02Et)3: (288®); (229® at 100 mm.), 
(214® at 40 mm.); S.G. l’i459. By the action 
of strong aqueous NH., it is converted into the 
amide of di-oxy-pyridine-carboxylio acid (eitraz- 

/C(OH):CHv 

—^C'CON^ (Buhemann, B, 

20, 799; C.J. 61, 404; cf. Wislicenus, A. 129, 
176). Yields a phenyl-hydrazide [128®]. 

Tetra-ethyl ether C 3 H 4 ( 0 Et)(C 03 Et) 3 , 
S.G.VM022. 1-4648. B*, 119*97 (Bruhl). 

Thick liquid. Bitter taste. (238® at 150 mm., 
and about 290® at 760 mm.). With PCI, it gives 
aeonitio ether (Conen, B. 12,1653). 

Tri -n-propyl ether C8H,(OH)(CO.^Pr).. 
(198®) at 13 mm. 

Acetyl-tri-n-propyl ether 
08 H,(OAo)(CO,C3H,),. (206® at 13 mm.). When 
heated to 250®-280® the acetyl ethers readily split 
off acetic acid, yielding the corresponding ethers 
of aconitic acid (Ansohiife a. Klingemann, B. 18, 
1963). ^ , 

Mono-i$oamyl ether OsHnHjA'" (Breun- 
lin, A. 91, 318). — (NHX(C,H„)A"'. — 

CaH8(CjH„)jA", icaq: lamina. 

Ethyl isoamyl ether CgHuEtHA'". Oil. 
Tri-phenyl ether [126®]. 

From oitrio acid, phenol and POOL (Seifert, 
81.470). 

Mono.amitfe 0,HjO(00,H)jCONHa. Citro- 
mon-amicacid. [188°]. Colourless crystals; ex. 
tremely sol. water, less sol. lUoohol, iusoL ether 
^d ligroln. Formed as a by-pr^uot in the 


preparation of the tn-amide. By boiling with 
HOl, or by heating with 75 p.o. £[, 804 , it la con- 
verted into citrazinio aoid 04 H,N 04 .—Salt. 
CjHyOaNAg,: white pp. 

Di-amide 03 Hj 0 (C 08 ro(C 0 NH 3 ) 3 ; citro- 
di-an^ic-acid: [168®]; white plates; v. sol. water, 
nearly insol. alcohol and ether. Formed as a 
by-product in the preparation of the tri.amide. 
By boiling with HCl, or by heating with 76 p.o. 
H 3 SO 4 , it is converted into citrazinio aoiA— 
C 4 H.,OjN 2 Ag: orystalline pp. 

Tri.amide C,n,0(COm^,: [210°-216«]; 
colourless crystals; 8 . (at 18®) = 2*7; (at 100®) 
= 33*3; insol. alcohol, ether, <fto. Prepared by 
the action of strong aqueous NH, (* 8 B) in the 
cold upon the tri-methyl ether of citric acid. 
By heating with HCl or with 76 p.o. H,S 04 it is 
converted into citrazinio aoid (Behrmann a. Hof¬ 
mann, B. 17, ^082). 

Tri-methyl, amide 

CjH 4 (OH)(CO.NHMe),: [124®]; white prisms, v 
sol. cold water. 

Phenylimide C,H 4 ( 0 H)(C 02 H)(C 30 ,NPh). 
Citranilic acid. Formed by heating oitrio acid 
(1 mol.) with aniline (1 mol.) at 160® (Pebal, A. 
82, 92). Crystalline spherules (from water).— 
AgC.3H,oNO,.-NPhH3C,3H„N08. 

Dianilide C 4 H 4 (OH)(COjH)(CONPhH) 3 . 
[160®]. Formed by tailing the di-pnenyl-araide- 
imide with ammonia. Goncentrio groups of 
silky needles (from alcohol). 

Di.phenyl-amide-imide 
C 3 H 4 ( 0 H)(C 0 NPhH)( 0303 NPh). Formed by 
heating the aniline salt of the phenylimide. 
Hexagonal plates; sol. alcohol. 

Tri. anilide C,H 4 ( 0 ^ (CONPhH),. 

Formed by heating normal aniline citrate. 
Prisms (from alcohol). Insol. alkalis. 
p.Tolyl.imide 

C,H.(0H)(C0^)<^2>NC,H,: [173°]; smaU 

white crystals; v. sol. alcohol, ether, and hot 
water, si. sol. cold water. Formed by heating 
mono-^-toluidine citrate at 160°-170°. 
Di-p-tolyl-amide-imide 

C.H,(OE)(CO.KHC,H,)<“>NC.H,: [206°]; 

small granular crystals; m. sol. alcohol and 
ether, insol. water, formed by heating 1 mol. 
of oitrio acid and 2 mols. ofp-toluidine for three 
hours at 160°-170®. 

Di.p.tolyl.di.amide 
C 8 H 4 (OH)(CO.NHO,H,) 3 (CC^H): [161®]; smaU 
needles; sol. alcohol and ether, insol. water. 
Formed by beating the preceding compound wiUx 
aqueous KHj. 

Tri.p.tolyl.tri.amide 
aH 4 (OH)(CO.NHO,H,),: [189®]; silky white 
microsoopio needles; si. sol. alcohol, insol. 
water. Formed by heating 1 mol. of oitoio aoid 
and 8 mole. 9t p-t^idine at 140®-145® (Gill, B. 
19, 2362). 

Di.i .oumyl.amide.imide 
CsH 4 ( 0 H)(CO.NH 0 eH 8 Me,)(C 3 O,N 04 H,Me,). 
{173®]. The chief product of the action of 
'P-onmidine (2 mols.) on oitrio acid (1 mol.) at 160® 
(Schneider, B. 31,660). Prisms; y. sol. alcohol 
Di-^-oumidide 

08H4(0H)(00fl(C0.NH.04H,Me,),. [194®]. 

Formed by treating the preceding with alk^s.— 
NaA'. [286®]. 

• 9 
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Tr4^i>-oumidid« 

C,H,(OH)(CO.NH.O^^IeJ,: [185®]; white 
powder^., ; alcohol. Formed by heating 
eitao aoid (1 moL) with ^-onmidine {8 mols.). 
Btniiaide 

XO.NH.C.H, 

C,H 4 ( 0 H){C 03 H)^ I . From benzidine 

\CO.NH.O,H, 

and oitrio aoid at 150°. Carbonises above 300°. 
Crystalline powder. 

T olylent- diamida 

O.H,(OH)<°»Oj^>C.H.Me. [187°]. From 

citric sold and tolylene-diamine. [99°] at 130*^. 
Minute crystaJs. 

Tri~nitrO'anilide 

C^4(OI9 (CO.NH.O«H,NOj),. [108®]. Formed 
by nitrating the anilide. 

Di.{ff)-naphthyl-amide-iinid6 

0,H,(OH)(CO.NHC..H,)<^g>NC„H,: [233°]. 

Formed by heating 1 mol. of citric acid with 
2 mole, of {^)-naphthylamineo at 140®-150®. 
White Biz-sidea plates. SI. sol. alcohol, insol. 

water. 

Di^{0)^naphthyl>di^ainid6 
OA{0^{COjH)(CO.NHC,oH,),; [172®]. Formed 
by mgesting the preceding body with cone. 
aqneouB at 170®. Microscopic concentric 
needles. Inrol. water. Weak acid reaction to 
litmus.—A'Ag. 

Tri-{ff)-napht'hyl-tri-ainidB 
C,H,(OH){CO.NHC,oH,),: [215®]. Formed by 
heating ihe di*naphthyl-amide-imide with (3)- 
naphthylamine (1 mol.) at 150°-170®. Micro¬ 
scopic prisms. V. sol. alcohol, insol. water. 

J)i-(a}~naphtkyl’amid6-i7nide 
C.H,(OH)(Cq.NHO.,H,)<“>NO,.H,: [194°]. 

Formed by heating 1 mol. of citric acid with 
2]AolB.of (a)-naphthylamine at 140®-150®. Six- 
sided plates (from benzene). Y. sol. alcohol, 
ether, do.» insol. HClAq. 

Di»{a)-naphthyUdi^amide 
,C,H,( 0 H)(C 03 H)(C 0 .NHC„H,),: [149®]. Formed 
♦by heating the preceding body with aqueous 
NHy at 150®-160®. Small needles (from alcohol). 
A'Ag. 

TrU{»)’naphthyl‘tri‘amide 
0,H,(OH)(CO.NHC,^,), (129®]. Formed by 
heaUng tne di-(a)*naphthyl-amide-lmide with 
(/8)-naphthylamin6 (I mol.) at 150®-170®. Micro¬ 
scopic rhombic prisons (Hecht, B. 19, 2614). 
ISOMESIDE OF CITKIC ACID v. Oxy-tm- 

OIBBALLTLXO ikOZO. 

CITEIDIC ACID V. Aconitic acid. 
CITEONBLIOL 0,oH„0 (Gladstone, C. J. 25, 
47) or C„H„0 (Wright, O. J. 12, 318). (210®^. 
220®). The onief constituent of the oil of 
citronella {Aridropogon Nardus or Scfuxnanthtis), 
a grass cultivate in Ceylont appears to 
form a mixture of terpenes and their polymerides. 
It combines with Br, forming a dibromide, which 
is split up by heat into H,0, oymene, and HBr. 

CLADOHIO ACID. {fiyUsmcacid. [176®].' 
Occurs in Cladonia (Stenhouse, A. 

166, 60; Hesse, A, 117, 846). Yields betorcin 
on dry ^stillation. Oladonic acid is probably a 
mixture of usnio and barbatio acids (Paterno, Q. 
6,113; 12, 231; Stenhouse, A. 203,285). 


mssiFiCATIOK. CKFHICAI.—In the tol 
lowing article nothing more is attempted than to 
sketch the outlittes of the methods by the em¬ 
ployment of which a fairly satisfactory scheme 
of chemical classification may be attained. ' By 
the classification of any series of Mjeots is 
meant the actual or ideal arrangemenltogether 
of .those which are like and the separation of 
those which are unlike; the purpose of this 
arrangement being primarily to disclose the 
correlations or laws of union of properties or 
circumstances, ‘'and secondarily to facilitate 
the operations of the mind in clearly con¬ 
ceiving and retaining in the memory the 
characters of the objects in question.’ ' 

The importance of classifica'cion in chemistry 
can scarcely be too much insisted upon. The 
fundamental object is to arrange the various kinds 
of matter with which chemistry is concerned in 
classes, so that the connexions between the pro¬ 
perties and the composition of these kinds ^)f 
matter shall be made apparenf.. Inasmuch as 
our knowledge of the connexions between the 
composition and the properties of different kinds 
of matter is being modified from day to day, it is 
evident that no system of chemical classification 
can be regarded at present as a final system. 
That we may draw the outlines of a scheme of 
chemical clas.^ification, it is necessary first of all 
to inquire wliat the objects are which the scheme 
is to include. 

Chemistry concerns itself with the connexions 
between the properties and the composition of 
homogeneous kinds of matter; a homogeneous 
kind of matter being such that all the portions, 
however small, into which it can be divided, are 
possessed of the same properties as belong to 
tlio mass. But the properties of homogeneous 
kinds of matter are of two kinds; on the one 
hand, there are those properties which belong 
to, or which may be acquired by, the specified 
kind of matter considered apart rirom other 
kinds of matter; on the other hand, there cire 
the properties which are exhibited by spe¬ 
cified kind of matter when it acts on, and is 
acted on by, other kinds of matter. Chemistry 
concerns itself more especially with the latter 
kind of properties. Another classification of the 
properties of homogeneous kinds of matter may 
be made; we may pay regard to those properties 
which are the sums of the properties of the parts 
of the specified mass of matter; or we may look 
to those properties which are dependent on the 
configurations of these parts. Any mass of 
matter may be conceived to be made up of a 
vast but finite number of minute particles, which, 
for the purposes of the investigation in hand, 
may be regarded as indi'visible. These particles 
may or may not be possessed of the properties 
which distinguish the mass of ftatter under 
consideration; the properties of the mass may 
be the sum of the properties of tlte particles, or 
they may differ from the sum of those properties. 
In the latter case we assume that the properties 
of the mass depend, among other conditions, 
on the relative arraftigement of the particles. 
The weight of any mass of matter, the force 
with which the matter is attracted towards the 

* StaDley Jevons (in Principlet «/ Scitnee, 11. 848, Isi 
ed.) modifyioK Uujcle} defiuitluQ triven la Ltetureson ikt 
Etmenla Cemjnrative Anatomy (1861), p. 1. 
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earth's centre, is absolutely independent of the nezions between the properties and the oomposi* 
arrangenunt of the particles, and is equal to the tion of elements and compounds. By the com- 
lumoftheweightsofthesepaiti^es. Thevolumes position of an element is meant, at present, 
occupied by specified masses of homogeneous simply a statement of the name of the element; 
gases, on the other hand, are entirely dependent the element is composed of itself. By the com* 
on the ative arrangement of the particles, and position of a compound is meant, at present, a 
are noi^e siuns of the volumes occupied by statjment of the elements by the union of which 
these particles when separated from each other, the compound is^ produced, and of the mass of 
Most of the chemical properties of any homo- each element which goes to produce a specified 
geneous kinds of matter are not the suzns of mass of the compound. But the word composi* 
Ihe properties of the particles of such kinds of tion, as we shall see hereafter, has a fuller 
matter. • meaning than this. 

Such then *being, very broadly, the kind Let us then regard the composition and pro¬ 
of properties considered in chemistry, we have potties of compounds with the view of placing 
next to inquire as to the meaning of the term together those which are like and separating those 
composition. This inquiry at once carries us which are unlike. The moment we attempt to do 
back to properties. Experiment shows that from this, we find that our classification of compounds 
ccitain kinds of homogeneous matter there can must include elements also. A scries of com¬ 
be obtained two or more different kinds of ho- pounds raayj)e formed by the union of one ele- 
mogeneous matter, which new kinds of matter ment with other elements; the properties of 
WTO wholly unlike the original in properties, and these compounds present some points of simi- 
tho mass of ea^ of which is less than the mass larity; the presence in all of them of the speci- 
of the original; the sum of the masses of the fied element is accompanied by certain more or 
new kinds of matter being, however, always less marked sftnilarities of properties. We wish 
equal to the mass of the original matter. Ex- to connect properties of compounds with com- 
periment- also shows that from certain kinds of position; therefore we must learn the properties 
homogeneous matter new kinds of matter can be I of the elements which by their union produce 
obtained only by adding on to (or combining | these compounds; but this involves the study 
with) the original matter one or more different of these elements both as they are in themselves, 
kinds of matter, and that in these cases the mass that is, as they are when unacted on by other 
of the new kind (or kinds) of matter produced elements, and also as their properties are modi- 
is greater than the mass of any one of the kinds fied when the elements combine with others, 
of matter which have united to produce it, but We cannot then classify compounds without 
is equal to the sum of the masses of all these studying the properties of elements, and we 
kinds of matter. Experiment thus enables us to cannot classify elements without studying the 
arrange all known kinds of homogeneous matter properties of compounds, 
in two classes; those kinds belonging to the first Compounds may be olassified in accordance 
class, t.e., those from which can be obtained two with (1) the number of elements in each; 
or more different kinds each unlike, and weigh- (2) the qualitative properties of the elements in 
ing less than, the original, are called cenn- each; (3) the quantity of the eletnents in each; 
pounds ; those belonging to the second class, (4) the quality and quantity of the elements in 
i.e„ thoB^which can be changed only by adding each ; (5) the functions performed by each; 
pn to them some other kind of matter, are called (6) the qualitative and quantitative elementary 
elements. A compound may of course be changed composition and at the same time the function 
by adding on to it a new kind of matter in the performed by each. 

same way as an element maybe changed; but Making the number of elements in ewh com¬ 
an element can be changed in this way and in pound the class-mark, we should have a division df 
this way only. So far as exact knowledge goes, compoundsinto binary,ternary, quaternary, &c.; 
elements may be said to be completely homo- but this arrangement would tell very little about 
geneous; not only are we unable to separate a the compounds inpacb class? many compounds 
specified mass of an element into particles un- may be binary compounds, and yet the differ- 
like each other, by grinding, or cutting, or ences between them be very great. If the quali- 
dividing the mass in any way, but we have tative properties of the elements in a number 
every reason to suppose that the extremely of compounds are ma^ the class-mark, we 
minute particles of matter, by the union of which should have a division into compounds of oxy- 
we are obliged to regard the mass as built up, gen, compounds of chlorine, compounds of iron, 
are themselves completely identical ^n proper- and so on; but not only would this arrange- 
ties. Although by,grinding, cutting, or ment convey little information regarding the 
dividing by a machine, we cannot separate a, compounds classified, but it would involve an 
specified neass of a compound into particles un- immense number of classes, and the classes 
like each other, yet we are certain that the ex- would overlap,each other; t.g. the chlorides of 
tremely mi#uto particles of matter, by the union iron wouldbeplilcedboth in the class of chlorides 
of which we are obliged to regard the mass as and also in that of oompoundp of iron. Nor can 
built up, are themselves built up of yet smaller the quantity of the elements in compounds by 
particles, some of which are wholly unlike some itself be made the characteristic mark of a class; 
others. But notwithstinding this distinctioA, else we should have vast numbers of quantita- 
whichmayperhapsberemovedasmoreknowledge tive analyses as the sole basis of clarification, 
is gained, we are justified in applying the term More hopeful is it to attempt a classification oi 
homogeneous kind of matter to elements and compounds based on the functions which they 
flompounds alike. perform under stated conditions; this scheme 

Obemistry then concerns itself with the con- leads to the placing together e.g. of acids, basic 



m 


QLASSmoitlO% CHEMICAL. 


compounds, mciallid compounds, psioiides, ao* 
hydrides, dto., <!^o.; but unless we connect the 
composition of the acids, the basic compounds, 
the anhydrides, Ac., with the functions of each 
of Uieae groups, our classification must" at the 
best be on^-sided and subject to continual modi¬ 
fication. The characteristic mark of a* class 
shoold be some property or circumstance, or a 
conjunction of properties or circumstances, 
which is easily detected, and which belongs to 
all tile members of the class and to no others. 

The prc^erty which we propose to employ as a 
class-mark is power of performing a stated action 
under stated conditions, and with this property 
we shall endeavour to connect a certain com¬ 
position. The term composition must be inter¬ 
preted as meaning not only a statement of the ele¬ 
ments, and of the masses of these elements, which 
produce a specified mass of any giv^n compound, 
but also a statement of the number of atoms of 
each element in the atomic complex or reacting 
chemical unit of the compound in question; or, 
in the case of gaseous compounds, of the number 
of tiementary atoms in the molecule of the com¬ 
pound. We shall assume the molecular theory 
of the structure of matter, and the atomic theory 
of chemistry {v. Atomic and moj.kcular 
WJBiaHTS, vol. i. p. 33C). We shall also assume 


evoiatioB of carbon dioxide, and react with 
many metals to produce compounds composed 
of the metal a(}d a portion of the elementary 
constituents of the acid, this action being fre¬ 
quently accompanied by evolution of hydrogen. 
Oxides which react in this way are^enerally 
speaking, but not always, oxides of non-metaUio 
elements. Other oxides again exist which either 
do not dissolve in water, or dissolve only in re¬ 
latively very large quantities of water, and 
which do not thus produce either alkalis or acids, 
but react with aqueous solutionp^ of acids to form 
salts and water. Such oxides are for the most 
part oxides of well-marked metallic elements. 
Finally a few oxides exist which do not belong 
to any one of the three clasries already con¬ 
sidered; omitting these, the three classes of 
oxides may be named (1) alkali-forming or 
alkaline oxides; (2) acid-forming oxides or an¬ 
hydrides I (3) salt-forming or basic oxides. The 
alkaline oxides are all oxides of metals, tiie 
acid-forming oxides are generally oxides of non- 
metalg, and the salt-forming oxides are oxides of 
elements most of which are usually classed with 
the metals. The following list will serve as 
data on which a comparison of the properties 
with the composition of each of these classes of 
oxides may be based: 


1 . Alkali’forming oxides. 

LijO, NOjjO, K,0, Eb^O, 
C8 j 0;T1,0; MgO.CaO, 
SrO,BaO;{?AgjO?PbO) 


II. Acid-fonning oxides. 

B O,; CO, COj; N.0, NjO,* N^O^, 
NA; Si0„; PA, PA; sOj, 
SO,; ClA’CU),; ScO,; TeO,, 
TeOs; l,0s; and the following 
oxides of metals, viz. VAi VA» 
AsAi A.bA; Sb.,0„ Sb,0.; 
KbA; TaA; (?BiA); 

CrO,; MoO,; WO/, AuA; I^A; 
OsO,; PtO, PtOo; PbO^; MnO,; 
SnO.SnOjj TiO,; ZrO^. 


III. Salt-forming oxides. 

Most of the oxides not placed in 
groupsl.andll.; the chief exceptions 
being HjO, HjO^, NO, and some of 
the oxides of Cr, Mo, W, and U. The 
oxides (MjO) of Li, Na, K, Bb, Cs 
and Tl, and the oxides (MO) of Mg; 
Ca,Sr, and Ba,being already classed 
as alkali-forming, may be omitted 
from this group, although they re¬ 
act with acids to form salts; some 
metallic oxides containing rela¬ 
tively much oxygen, 't.g. Na^jOj, 
KjO,, BaOj, BiA» sal'Js 

by the action of acids but at the 
; same time evolve oxygen. 


that the reader is familiar with chemical for- 
molsB and notation. 

A number of compounds exist which dis- 
lolve in water to'produce mpre or less alkaline 
liquids, that is to say, liquids which exert a 
corroding action on organic fibres, change the 
tint of various vegetable colouring-matters, neu¬ 
tralise acids without evolution of any gas, pre¬ 
cipitate the hydroxides of most heavy metals 
from solutions of salts of these metals, have a 
peculiar soap-like action on the skin, and sapo¬ 
nify fats. The compounds which thus dissolve 
in water to produce alkaline liquids are found 
on analysis to be binary compounds of oxygen; 
the element present in combination yrith oxygen 
is in each case a metal. Other oxides exist 
which dissolve in water to produce more or less 
acidic liquids, or which can be obtained from 
acids, that is to say, compounds aqueous solu¬ 
tions of which, like alkalis, exert a corroding 
action on organic fibres and change the tint of 
various vegetable colouring-matters, which neu¬ 
tralise alkalis with the production of water and 
salts but without the evolution of any gas, neu¬ 
tralise carbonates of the alkali-metals with 


The alkali-forming oxides are oxides of 
strongly marked positive elements; if more than 
one oxide of such an element exists, that with 
the less oxygen is alkali-forming. The acid- 
forming oxides are either oxides of the more 
negative elements (non-metals), or they are the 
higher oxides of the less positive metals; many 
of the anhydrides belonging to the latter class 
do not form acids when acted on by water, but 
are obtained by removing water (usually by the 
action offbeat) from the hydrated oxides which 
are themselves feebly aciiio in character. By a 
body of a feebly acidic character is meant a 
compound whicAi, as a rule, is insoluble or nearly 
insoluble in water, does not react with aqueous 
solutions of alkalis to form salts, hut gives rise 
to the production of salts when it is fused with 
an alkali; the salts thus produced are unstable 
and are easily separated into their constituent 
oxides. The salt-forming oxides which are 
neither alkaline nor acid-forming constitute by 
far the greater number of the well-marked me¬ 
tallic oxides. The physical properties of the 
oxides placed in the same class are not neces¬ 
sarily similar; thus CX), C0„ NA* 30,, and 
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tome other anhydrides, are gaseous under oidi* 
uary conditions of temperature and pressure, but 
the metalUo oxides belonging t(9 this class are 
solids, many of which melt, if at all, only at 
high temperatures. 

The dtvision of oxides into three classes, an 
outline of which has now been given, is based to 
a great extent on the properties of compounds 
which are produced by the interactions of these 
oxides with water on the one hand, and with 
acids on the other hand. In ^rder then more 
completely to grasp the classification of oxides it 
is necessary to consider the properties and the 
classification of alkalis, acids, and salts. 

The term alkali was originally applied to the 
ashes of sea-plants; but it was soon extended 
to include substances which, like the ash of sea¬ 
weed, easily dissolved in water to form solutions 
having a soap-like action on the skin, affecting 
tlie colour of many vegetable matters, and re¬ 
acting with acids with effervescence and the pro¬ 
duction of new Substances wherein neither the 
properties of the alkali nor the acid wore promi¬ 
nent. About the middle of the eighteenth cen¬ 
tury Black proved by quantitative experiments 
that the effervescence which occurs during the 
interaction of an acid and an alkali is caused by 
the outrush of a gas which existed in the alkali 
in combination with the other constituents of 
that body. That the same gas may also bo ob¬ 
tained from the alkali by the action of heat was 
also proved by Black. From this time it became 
customary to distinguish mild or carbonated al¬ 
kali from burnt or caustic alkali, the former being 
regarded as a combination of the caustic alkali 
with carbonic acid gas. Both carbonated and 
caustic alkali reacted with acids to produce the 
same substance, in which the properties of alkali 
and acid were lost, or rather merged into a new 
set of properties; the action was attended in tho 
case of carbonated alkali with evolution of car¬ 
bonic acid^as, but in the case of caustic alkali 
rfo gas was produced. Continued examination 
of alkali showed that the com’position of the sub¬ 
stance thus named was not always the same; this 
led to the recognition of more than one kind of 
matter exhibiting the characteristic properties of 
alkalis. Lavoisier adduced reasons for regarding 
the various alkalis as compounds of unknown 
metals with oxygen, but he did not succeed in 
actually demonstrating their composition. In 
1807 Davy decomposed two alkalis, potash and 
soda, each into oxygen and a metal, by passing 
an electric current through them when molten, 
and a year lator by the same agency he separated 
the three earthy bodies, lime, strontia, and baryta 
—bodies which to a great extent roeemble alkalis 
in their properties—inlb oxygen, and in each case 
a metal, ^e composition of various bodies 
having the propenies already summarised as 
oharaoterisl^o of ^kali was now settled; these 
bodies were oxides of metals. But further in¬ 
vestigation showed that aqueous solutions of these 
metallic oxides did not contain the oxides, but 
rather compounds of m^tol, oxygen, and hydror 
gen, and that these compounds, these hydrox¬ 
ides, were obtained as definite well-marked solid 
bodies by boiling off the water from the solutions 
in question. Now as the oharaoteristic properties 
of alkaU belonged to aqueous solutions of the me- 
iallic oxides under consideration it was better to 
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apply the name alkali to the hydroxides rather 
than to the oxides oi certain metals. The com¬ 
position of alkalis is represented by the formula 
NLOH, yhere M«Li, Na, E, Eb, Cs^ or the com¬ 
pound radicle NH^; each of these compounds, 
excent NH^OH, is known as adefinitesolid body. 
An ?queou8'solution of unmonia, NHj, reacts 
towards vegetable colouring-matters, towards 
acids^ towards solutions of the salts of iron, cop¬ 
per, bismuth, tin, and many other heavy metals, 
in a manner very similar to that in which aque¬ 
ous solutions of the five alkaline hydroxides, 
MOH, react towards these classes of substances. 
The salts formed by the action of acids on the 
hydroxides in question are generally isomorphous 
with, and in other properties similar to, the salts 
formed by the action of the same acids on an 
aqueous solution of ammonia. For these and a 
few other reasons the composition of an aqueous 
solution of ammonia, NHj, is supposed to be 
similar to that of aqueous solutions oi the solid 
alkalis; but the compositions of the latter ^lu- 
tions are repr^ented by the symbols LiOifAq, 
NaOHAq, &c., therefore the composition of the 
former solution is represented by the symbol 
NHjOHAq. As we have hydroxides of the metals 
lithium, sodium, potassium, <fec., so we have a 
hydroxide of the compound radicle ammonium 
(NHJ; the former hydroxides are stable solid 
bodies, the latter exists only in aqueous solu¬ 
tion (v. Ammonium compounds, vol. i. p.200). The 
hydroxides MOjH^ where M is Mg, Ca, Sr, or Ba, 
all more or less resemble the alkalis; these hy¬ 
droxides are white solids, which require for solu- 
j tion much larger relative quantities of water 
than are needed to dissolve equal masses of tho 
alkalis, but which thus produce solutions capable 
of neutralising acids without effervescence, of 
changing vegetable colouring-matter in the same 
way as solutions of the alkalis, of precipitating 
oxides or hydrated oxides of many heavy metals 
from solutions of the salts of these metals, of 
corroding organic fibres to some extent, of sapo¬ 
nifying fats, and of quickly combining with car¬ 
bonic acid to produce carbonates. As all the 
alkalis and the four compounds of Mg, Ca, Sr, 
and Ba, just mentioned are compounds each of 
oxygen, hydrogen, and a metal, and as many 
other metallic hydroxides, e.g'sCuOj.Hj, Fe^gHj, 
<feo. &o., do not exhibit alkaline properties, it 
seems probable that the alkaline qualities of the 
hydroxides of Li, Na, K, Eb, Cs, Mg, Ca, Sr, and 
Ba, are to be associated jvith the properties of 
the metals, Li, Na, K,... Ba. 

Thus in our attempts to classify oxides we are 
obliged to have regard, first, to the properties of 
alkalis, and then to the properties of the elements 
of which these alkalis are composed.^ What, 

' ‘ then, are the properties of the metals Id, Na, K, 
Eb, Cs, Mg, Ca, Sr, and Ba ? 

The metals)^, No, K, Eb, and Cs, are silver- 
white solids, with low melting-points, and very 
small specific gravities (Li, Na, and E, being 
lighter than water); the metals are extremely 
easily oxidised, the process of oxidation being 
attended with production of much heat; they 
rapidly decompose cold water with evolution of 
half the hydrogen of the water decomposed and 
production of hydroxides MOH which remain in 
solution; during this process much heat is pnv 
duceA The metals easily and rapidly combine 
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with the halogens and with sulphur; they are 
electro-positive to all other metals, and the most 
electro-positive metal of the group is that with 
the largest atomic weight (Cs). The composi¬ 
tions of the chief compounds of these metals 
are represented by the symbols M^O, MOH, 
M..S, MSH, MX (X*CI, Br, I, F, CN),^M,SO„ 
MHSO„ MNO„ M,CO„ MHCO„ Ac., where 
M=Li, Na, K, Rb, or Cs. These compounds are for 
the most part white and easily soluble in water; 
many of them are not chemically changed by the 
action of heat alone; all compounds of similar 
composition, e.g. all M^SO, or all MCI, are as a 
rule isomorphous; the sulphates M.^SO^ form 
alums by combination with sulphates of the 
composition where M = Fe, Al, Cr, In, or 

Ga. The properties of the hydroxides MOH have 
already been detailed. I 

The metals Ca, Sr, and are whitish- 
yellow solids, the melting-points of which have 
Qot been accurately determined, but are some¬ 
where about a red heat; the specific gravities 
of these metals are represented by small values, 
which are, however, decidedly greater than those 
that represent the specific gravities of the 
metals Li . . . to Cs; these metals are harder 
than the alkali metals, but, compared with the 
group of metals as a whole, they are soft; they 
quickly oxidise in air or oxygen, and decompose 
cold water with production of much heat, evolu¬ 
tion of half the hydrogen of the water decom¬ 
posed, and formation of solutions of the hydrox¬ 
ides M 0 ; 2 H 2 . In the cases of Li.. . Ca one atom 
of metal reacts with one molecule of water evolv- , 
ing one atom of hydrogen, in the cases of Ca 
. . . Ba one atom of metal reacts with two mole¬ 
cules of water evolving two atoms of hydrogen ; 
the metals, so far as exact experiment goes, seem 
to combine easily and rapidly with the halogens 
and with sulphur; they are electro-negative to 
the metals Li... Cs, but po.?itive to all other 
metals. The compositions of the chief com¬ 
pounds of these metals are represented by the 
symbols MO, MS. MS.H^. MX^ (X = C1, 

Br, I, F, ON), MSO„ M 2 NO 3 , MCO,, Ac., where 
M B Ca, Sr, or Ba. Most of these compounds are 
white; the oxides and hydroxides are not very 
soluble, the sulphates and carbonates are nearly 
insoluble, the chlorides and nitrates are easily 
soluble, in water; the hydroxides, nitrates, and 
carbonates are decomposed by the action of heat 
alone; almost all similar compounds are isomor¬ 
phous ; the sulphates do not form alums, nor do 
the compounds geifbrally exhibit any marl^ed 
tendency to form double or basic salts. The 
properties of the hydroxides have already been 
detailed. 

The metal magnesium is a silver-white solid, 
the fbelting-point of which is about 500^-70(r 
(not accurately determined), and the specidc 
gravity is a little greater than thal, of calcium; 
the metal is much more malleable and ductile 
than Li... Cs or Ca ... Ba; it is scarcely oxid¬ 
ised by exposure to air or oxygen at ordinary | 
temperatures, but when rapid oxidation is begun J 
by heating the metal in air or oxygen it proceeds 1 
with production of much heat and light. Mag- 1 
nesinm decomposes water at 100° very slowly 
with formation of MgOsH,; it does not act obemi- 
cally on cold water; it does not combine with the 
halogens or with sulphur at ordinary tempera¬ 


tures. The compositions of the chief compounds 
of this metal are represented by the symbols 
MgO, MgO.,H#) MgS, MgX, (X-Cl,Br,I,F, CN), 
MgSOf, Mg2NOa, MgCO„ Ac. Most of the com¬ 
pounds are white; the oxide and hydroxide are 
only very slightly soluble in water; the oxide 
combines with water to form but much 

less heat is produced during this process than 
when OaO, SrO, or BaO, combines with water to 
form the hydroxide. The hydroxide is easily de- 
composed by heat alone into oxide and water ; 
the sulphate, ditrate, and halpid salts are easily 
soluble in water, the carbonate is nearly insoluble 
in water; many compounds of magnesium salts 
with those of the alkali metals, Ac., are known; 
some of the magnesium compounds are isomor¬ 
phous with the similar compounds of Ca, Sr, and 
Ba, but the isomorphism of the two series of salts 
is very far from being complete. (For more de¬ 
tails of the properties of the three classes of 
metals v. Alkalis, metals of tub, vol. i. p. ld.4; 
Alkaline eabtus, metals of :|^ib, vol. i. p. 112; 
and Maonesium metals.) 

These facts concerning the metals whoso 
hydroxides are the alkalis, and concerning those 
wliose hydroxides more nearly approach tlie 
alkalis than do the hydroxides of any other ele¬ 
ments, show that the property of forming an 
alkaline hydroxide is accompanied by the follow¬ 
ing properties on the part of an element: low 
specific gravity, not very high melting-point, 
small malleability and ductility, softness, occu¬ 
pation of a very positive position in the electrical 
seiies of elements, power of rapidly decomposing 
water with evolution of part of the hydrogen 
thereof, power of forming salts which are not 
easily decomposed by heat alone, and many of 
[ which are easily soluble in water, great readiness 
j to combine with oxygen and with the halogens. 

I Of all the metals whot.e properties we have con- 
I sidered in detail, magnesium differs most from 
I the ideal alkali-forming metal; bub the hydrox¬ 
ide of magnesium is decidedly less markedly 
alkaline than the hydroxide of any other metal 
in the two groups from Li to Sr. 

When a given element exhibits a fair num¬ 
ber of the properties given above as charac¬ 
teristic of the alkali-forming elements we may 
conclude that the hydroxide of that element 
will be more or less alkaline in its properties. 
There is a certain element characterised by 
the following properties: specific gravity large 
(11-9), melting-point moderately low (200°), very 
I soft, malleability and ductility moderate, oxid- 
i ises rather rapidly in air but action soon stops 
j because of formation of film of oxide, bums 
rapidly c in qzygen at about 300°, does not de¬ 
compose water until a issd-heat is reached; loss 
positive than zinc, which is again less positive 
than Ga, Sr, 6r Ba; combines reSdily with the 
halogens and with sulphur; most of the salts 
of this metal are white and ea^ly soluble in 
water, some of them are isomorphous with, and 
of similar composition to, salts of potassium. 
In many respects then this metal approaches 
the ideal alkali-formilig element; but in others, 
notably its high specific gravity and compara¬ 
tively negative position in the eleotrioal series, it 
departs from the alkali-forming type. We should 
expect the oxide and hydroxide of this metal to 
present fairly close resemblances to the corre* 
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iponding compounds of the lithium group of 
metals> but at the same time to show consider* 
able diHerertcea from these compounds. As a 
matter of fact, the metal forms two oxides and 
(wo hydroxides; one pair of these compounds 
shows close analogies with the corresponding 
compounds of the alkali metals; the other pair 
shows fairly marked analogies with the corre¬ 
sponding compounds of aluminium. The metal 
in question, which is thallium, belong^ to two 
groups of elements; it forms an alkaline oxide 
and hydroxide TLO and TlOH? and another 
oxide and hydroxiae Tlj.0, and TIO.OH. 

Having thus learnt something regarding the 
properties and compositions of alkalis, let us 
turn to the second*group of compounds which it 
is necessary to consider before we can complete 
the classification of oxides; let us briefly consi¬ 
der the group of acids. The name oxygen per¬ 
petuates the Lavoisierian conception of the com- 
po^ion of acids: this element was for Lavoisier 
emphatically t/io ^cid-producer. The products 
of the combustion in oxygen of sulphur, phos¬ 
phorus, carbon, boron, nitrogen, selenion, and a 
few other elements, dissolve in water to form so¬ 
lutions which have ‘ acid reactions,’ that is to 
say, have a sour taste, corrode organic fibres, 
change the tint of many vegctablo colouring, 
matters, neutralise alkalis with production of 
salts and water, and dissolve many metals with 
evolution of gas (generally hydrogen). By re¬ 
moving water from these solutions, at least one 
definite compound can in most cases be ob¬ 
tained, composed of the element which had been 
burnt in oxygen, combined with oxygen and hy¬ 
drogen ; when this compound is again dissolved 
in water the original acid liquid is reproduced. 
Very many other compounds are known which 
form aqueous solutions characterised by acidic 
reactions as above enumerated; most of these 
compounds are composed of oxygen, hydrogen, 
and a third element. On the other hand, very 
macy compounds formed by the union of oxygen, 
hydrogen, and a third element do not form acidic 
solutions when dissolved in water; and, finally, 
a few compounds are known, aqueous solutions 
of which are most definitely acidic, but which do 
not themselves contain oxygen. Oxygen is there¬ 
fore not the solo acid-producing element; but 
the fact remains that by far the greater number 
of acids are composed of oxygen united with 
other elements. 

Putting into one class all those compounds 
which dissolve in water with formation of solu¬ 
tions having acidic properties, as these have 
been already enumerated, and then tabulating 
the composition of these compounds, it becomes 
evident that'thoy are allrtompounds of hydrogen 
with one or more other elements. Hydrogen 
then, rather fhan oxygen, would leem to be the 
acid-producing element. But further examina¬ 
tion of the edinpounds of hydrogen shows that 
very many of these are not possessed of any of 
the characteristics of acids. 

Is it possible then to trace any definite con¬ 
nexion between the compesition of compounds 
and the possession or non-possession by them 
of acidic properties? In attempting to answer 
this question we are confronted with the great 
difficulty of chemical classification. We cannot 
define the class acids, just as we could not de¬ 


fine the class alkalis: an ideal acid or alkali 
may be defined, but it is necessary to place in 
one or other of these classes many bodies which 
possess some of the properties of the ideal type, 
but in other properties diverge more or less 
widely from that type. Ohomical classification, 
based tn the notion of connecting properties 
with composition, is at best a typical classifica¬ 
tion, and such a system cannot be regarded as 
final in an exact science. The mark of a class 
should be some property or circumstance, or 
conjunction of these, which is clear and definite, 
and which belongs to all the members of the 
class and to no other bodies. But we cannot 
predicate any one property of acids which is 
perfectly clear and definite, and the possession 
or non-possession of which shall determine 
whether a specified compound is or is not to be 
admitted to this class. The reaction which 
occurs between an acid and a metallic hydroxide, 
or hydrated oxide, more nearly approaches to a 
good class characteristic than any other single 
property of acids. The products of the action in 
question are wat^r and a compound formed of 
the metal of the hydroxide employed, and the 
elements of the acid excepting the whole or a 
part of the hydrogen; such a compound is called 
a salt. The following equations, representing 
the distribution of the elements of the reacting 
compounds before and after the mutual actions 
of various acids and metallic hydroxides, will 
illustrate, more clearly than can be done in 
words, the characteristic reaction of an acid 
(tho symbol Aq is used to denote that the com¬ 
pound which it follows is dissolved in water) 

1. HClAq + NaOHAq = NaClAq + H,OAq. 

2. HN0,Aq + T10HAq = TlN0sAq-hH.OAq. 

8 . H .SO,Aq + KOHAq = KHSO.Aq H ,()Aq. 

4. HjSO^Aq -f 2K0HAq - K .80,Aq -f- 2H ,OAq. 

6. H,SO,Aq + CuO^H, = CuSO,Aq + 2H,0Aq. 

6. 2H,C,0^q PbOjH,=Pb(H,C20j)j + 2H,0Aq. 

7. H.CjOjAq + NaOHAq « NaH,0.,0^q ^ H^OAq. 

8. H,PO,Aq + TlOHAq = TlH,PO,Aq + H.OAq. 

9. 2H,P0,Aq -i- Fe,OjH,« 2FeP0, + 6H OAq. 

10. H., 0 j 04 Aq CaO^HjAq « + 2HjOAq. 

An acid, then, may be provisionally defined 
as a compound of hydrogen with another ele¬ 
ment, or other elements, which, when dissolved 
iu water, reacts with^etallio hydroxides to pro¬ 
duce water and a salt; a salt being a compound 
formed by the union of the elements of the acid, 
excepting the whole or a part of the hydrogen, 
with tho metal of the metalAio hydroxide. This 
definition is more commonly put into the shorter 
form, an acid is a compound containing replace^ 
able hydrogen; but unless a definite meaning is 
given to the expression replaceable hydrogen, 
tiio definition of acid means nothing: the mean¬ 
ing of the words replaceable hydrogen is given 
in the longer definition of acid stated above. ^ It 
is found that most compounds which are acids, 
iu accordance with the provisional definition we * 
have adopted, when dissolved m water form more 
or less corrosive liquids, which ailect vegetable 
‘colouring matters, have a sonr taste, and dis¬ 
solve many metals with formation of salts and 
evolution of gas, which is usually hydrogen. But, 
on the other hand, some compounds which are 
possessed of many of the properties just detailed 
do not react with metallic hydroxides to form 
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iaits; and, furthar, aome compounds whioli are 
not possessed of any of the properties detailed 
do react with saetallic hydroxides to form salts 
(v. Aems, Tol. i. p. 47). 

Looking at flio composition of compounds 
which undoubtedly come under the definition of 
acid, and which at the same time are^charao* 
terised by the other four properties enumerated, 
we find that the elements, or some of the ele¬ 
ments, which by their union with hydrogen form 
the acid, are strongly negative in character; in 
other words, the element or elements other than 
hydrogen more or less resemble oxygen in their 
general chemical characteristics. As a whole, 
the elements which are classed as non-mctallic 
are those which by union with hydrogen, and 
generally with hydrogen and oxygen, produce 
acids. When an acid is a compound of a metal 
united with hydrogen and another element or 
elements, for no binary metallic compound is 
acidic, that other element is always very nega> 
tive. The following list exhibits most of the 
well-marked metallic acids which have been ob¬ 
tained in approximate purity;— 


Acids containing metals. 


HjAaOj 

HjSnO, 

HjSnS, 

HAaO, 

— 

_ 

H,As,0, 

(?H,PbO,) 

(?H,AsS,) 

HjSbO, 

H,CtO. 

H,Fe(CN). 

H,SbO. 

— 

H,Fe(CN), 

HSbO, 

(?HjMo,OJ 

&c. 


— 

(?H..PtCl,) 

H.SbjO, 

HjMoOj 

(7HAuBr,) 

— 

— 

(?HAaClj 

HVO, 

HjWO, 


H,V,0, 

E,UO. 


H.TajO, 


where M= Mo, W, 

— 


or U. 

'?H,TiOA 

— 



HjPtOj 



The element which is generally combined with 
hydrogen and a metal in these acids is oxygen: 
in a few acids sulphur, in (?) three acids chlorine 
or bromine, and in a few acids the negative group 
GN is combined with hydrogen and a metal. 
It is also to be remarked that the metals which 
form well-marked acids by union with oxygen 
and hydrogen are those which, compared with 
the majority of the^aetals, are negative. 

The general conclusion to be drawn from the 
facts now reviewed concerning the connexions 
between the properties and the composition of 
acids is, that those compounds which are de¬ 
cidedly acidic in properties, as the term acidic pio- 
perties has been defined, are formed by the union 
of hydrogen with one or more decidedly negative 
elements. Acids are seen to be strongly con¬ 
trasted with alkalis, both in properties and com¬ 
position. 

Oxides were divided (o.p.l98) into three groups: 
alkali-forming, acid-forming, and salt-forming* 
oxides. We can now understand in a general way 
what is meant by an alkali-forming oxide, or by 
an acid-forming oxide; it remains to consider 
the meaning of the term salt-forming as applied 
so oxides. At the outset, let ns remark that a 


salt-forming oxide may also bo aoid-forodtig, 
and that an alkali-forming oxide also is salt- 
forming. Im considering the meaning of the 
term salt-forming oxide, it will therefore be 
necessary to study those typical compounds 
which possess the property in question to a 
marked extent. A salt has been already stated 
to be one of the products of the mutual ac¬ 
tion of an acid and a metallic hydroxide or 
hydrated oxide, and to be composed of the 
elements of the acid, excepting the whole or 
part of the l^drogen, united with the metal of 
the metallic hydroxide. Tt is impossible to 
generalise the properties of salts; many of them 
are soluble in water, some are insoluble; aqueous 
solutions of many exhibit acidic reactions, aque¬ 
ous solutions of others exhibit alkaline reactions, 
and aqueous solutions of very many are neutral, 
i.e. exert no corroding action on organic fibres, 
have no sour or soap-liko taste, do not affect 
vegetable colouring-matter, do not saponif^efats, 
do not dissolve metals, or ^pact with metallic 
hydroxides, Ac, We must be content to look at 
the composition and the conditions of formation 
of salts. The composition of salts, regarding 
them as derivatives of acids, has already been 
stated. But salts are formed in other ways; 
theyaresometimes produced by theniutual action 
of an acid-forming oxide and an oxide containing 
much oxygen, called a peroxide— e.g. BaOj + SO, 
•^BaSO,; sometimes by the action of a salt- 
forming oxide on an aqueous solution of another 
oxide from which an acid has not actually been 
obtained, thus + COjAq = KjCO,Aq; some¬ 
times by fusing together a motallio and a non- 
mctallic oxide, e.g. CaO + SiOj = CaSiO,; some¬ 
times by dissolving the sulphide of a less positive 
metal in a solution of the sulphide of a very 
positive metal, thus A 83 S 8 + K 2 SAq = 2 KAsS;jAq, 
or WS,-HK,SAq = K 3 WS,Aq; and sometimes in 
other ways. The products of such actions as 
these are called salts, either beci’.use they can 
also be directly obtained by the mutual actions 
of acids and metallic hydroxides, or because they 
are composed of positive elements (metals) com¬ 
bined with negative elements, of which oxygen 
is usually one, and which negative elements are 
known to form acids by union with hydrogen, 
although the special acid of which any one of 
these specified salts is theoretically a metallic 
derivative may not have been prepared. All 
oxides are in a sense salt-forming; an alkaline 
oxide reacts with water to form an alkali, and 
the alkali reacts with an acid to form a salt; an 
anhydride reacts with water to form an acid, 
and by the mutual action of this acid and an 
alkali a sal^ is produced. But placing on either 
side those oxides which have been already 
classed as alkali-forming, and those which have 
been classed* as acid-forming, tHere remain a 
great many oxides which are emphatically salt- 
forming oxides. As a class, th^e oxides form 
salts by reacting either with acids or with solu¬ 
tion of oxides which act as if they contained 
acids, althoagh no acid may actually be obtained 
when the dissolving ^ater is removed, or, lastly, 
by reacting in the liquid state (not in solution) 
with the oxides of non-metals or of the more 
negative metals; examples of these three types 
of action are exhibitea by the following pro¬ 
cesses ;— 
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(1) CuO+E^SO^Aq^OuSOtAq+HjOAq, 

(2) BaO + OOgAq = BaCO, +Aq, 

(8) K,0 + Ta,Oj(f«8'5d) = 2KTaO^ 

Some salt-forming ozides also produce salts, 
either bv dissolving in concentrated solutions 
of alkalis, or by combining witli alkalis when 
melted in contact with them; thus freshly 
ppd. aluminium oxide dissolves in solution of 
acids to form salts, and also in a concentrated, 
aqueous solution of potash to form a salt; the 
two actions may be represented thus: 

(1) AhO, + 6HClAq-Al,Cl«Aq+«H,OAq, 

(2) A1,0,+2KOHAq = Al.O^K^Aq + H,0. 
Again, moist SnO.,j dissolves in concentrated 
aqueous potash to form a solution of potassium 
fitannate K^SnOj, biA the same oxide dissolves 
in hydrochloric acid to form stannic chloride, 
SnCl,; inasmuoh as the acid HBnO,, of whicli 
SnOj is the anhydride, is known, we have in 
stannic oxide, SnOj, an example of a compound 
whioH is at once an acid-forming and a salt¬ 
forming oxide. Tl^ oxide Mn 02 dissolves in 
molten KOH to form the salt potassium man- 
ganate, KjMnO^; the same oxide, when produced 
in a concentrated solution of lime, combines 
with the lime to form a series of salts, of which 
CaMnOi may be taken as a representative; and, 
lastly, the same oxide, when hydrated, dissolves 
in strong sulphurio acid to form a sulphate of 
manganese Mn 02 . 2 S 03 . Thid oxide, MnO,,, thus 
exhibits some of the properties of two of the 
three classes into which wo have divided 
oxides. 

We began by proposing to arrange oxides in 
three classes in accoidanco with certain promi¬ 
nent reactions of these oxides; that we might 
attach to the reactions in question such dotimto 
meanings as should suflice for olassificatory 
purposes, we were obliged to consider the mean¬ 
ing of the terras which summarise the reactions 
and composition of three other groups of com- 
pounds -acidst alkalis,and salts; that we might 
grasp the stgnilicanco of these terms, we had to 
turn from compounds to elements, and roughly 
to classify these in accordance with their acid¬ 
forming or alkali-forming functions; but we 
found all this scheme of classitication to be 
based at once on the composition and the 
functions of the bodies classiiied, and the word 
function wo were obliged to interpret as implying 
the notion of mutual action and reaction between 
at least two kinds of matter. Wo arrived at no 
perfectly clear definition of any one of the 
classes of compounds under examination; we 
did succeed in conceiving the properties and 
the composition of a typical acid-forming, alkali- 
forming, and salt-forming, oxide; bnj when we 
applied this conception, ^ined, it is to be re¬ 
marked, from the study of actual acid-, alkali-, 
andsalt-forminf oxides, to individuaf compounds, 
we found that very few of these exhibited all 
the cbaracterisfllcs which we had laid down as 
marking off the typical acid-forming from the 
typical alkali-forming, or both from the typical 
sail-forming, oxide. 

Looking back for a momdht at the classifica¬ 
tion of oxides, and considering what it implies, 
one thing stands clearly out, namely, that this 
classification of oxides carries in itself a classi¬ 
fication of elements. Those elements which 
form markedly alkaline oxides fall into one 


class, those which form oxides which are dis¬ 
tinctly anhydrides fall into a second class, and 
a third class includes those elements the best- 
marked oxides of which are neither alkali¬ 
forming nor acid-forming, but salt-forming. Or, 
putting the matter in even more general terms, 
the classification of oxides suggests a means of 
classifying the elements. Let us put into one 
class all the elements which, under similar con¬ 
ditions, form compounds similar in composition 
and function. Let us then examine the elements 
in a class with the view of finding whether they 
do or do not exhibit similarities in physical 
properties. If the result is fairly successful, 
let us examine more closely into the composition 
of the compounds belonging to specified classes, 
and endeavour to learn something of the struc¬ 
ture of these compounds in the light which is 
thrown on strnctijre by the molecular and atomic 
theory. Finally, let the knowledge which may 
thus be gained of structure react on that pre¬ 
viously amassed concerning function, that by 
the help of both some advance may be made in 
finding a solution for the fundamental problem 
of chemistry, whicli is, to trace the connexions 
between changes of composition and changes of 
properties in homogeneous kinds of matter. 

Instead of following the course of this inves¬ 
tigation step by step, it will be more advantageous 
to begin with the leading principle, which has 
been gained after much laborious inquiry. In 
the article Atomic and molecui>au weights a 
sketch was given of the periodic law. The 
substance of that sketch it would be needless to 
repeat here; let us rather apply it to the point 
in hand, namely, the classification of the ele¬ 
ments, remembering always that a good classifi¬ 
cation of elements implies and carries with it a 
good classification of compounds also. 

The classification founded on the periodic 
law arranges the elements in groups and series 
[v. vol. i. p. 351); the members of the same 
group more or less closely resemble each other; 
the properties of the members of a series vary 
from member to member so that the last, that is 
the element with the largest atomic weight, is 
more unlike the first than any other member of 
the series. Fiach series to some extent repeats the 
characteristics of that which precedes it. The 
propeitics of an individual element are chiefly 
conditioned by (1) the group, (2) the series, to 
which it belongs, (3) its position in the group 
and in the series, (4) its relations to elements 
situated similarly to itself in*other groups and 
scries, and (5) the relations of the group and of 
tlie series to other groups and series. As regards 
thecharacteristicsof individual groups and series, 
and the relations between various groups and 
scries, it should bo remarked, (1) thateach group 
is made up of elements belonging to even series 
and elements ^>olonging to odd series; (2) that 
an odd and an even leriea together comprise 14 
elements, and that in the cases of series 4 and 5, 
6 and 7, and 10 and 11, there is a group of three 
elements (Group VIII.) forming what is called 
by Mendolejefl a ‘transition-period’ from the 
even to the odd series; (3) that there is cer¬ 
tainly no such ‘transition-period* connecting 
aeries 2 and 3, but that very probably such 
a period of throe elements will be discovered 
between scries B and 9; (4) that the elements in 
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the even series, or in the odd series, of any group 
are more like one another than elements in the 
even are like those in the odd series; (5) that, 
omitting series 2 and 8, the passage from an even 
to an odd series is accomplished by a gradual 
change of properties, but the passage from an odd 
to an even series by a more sudden Sshange of 
properties; (6) that the distinctly non-metallic 
elements occur in odd series, except in the 
case of series 2; (7) that, omitting series 2, 
easily gasified organo-met^lic compounds, so 
far as data go at present, are formed only by 
elements which occur in odd series; (8) that 
the properties of hydrogen are so marked, and 
are typical of such diverse elements, that it is 
placed in a series [series Ij by itself; (9) that 
all the members of series 2 [LitoF], and at least 
the first member of aeries 3 [No], are to a great 
extent marked by peculiar properties, and that 
the_ relations of these elements to those in 
series 4, and in the case of sodium to series 5, 
are rather markedly different from the normal 
relations of an odd series tO).the next odd scries, 
or of an even series to the next even scries. 
The elements Li to Na have been called by Mcn- 
delejeff * typical elements.’ The following table 
(copied with a few changes from one given by 
Mendelejeff) exhibits the arrangement of the ele¬ 
ments in groups and in odd and even series (at. 
wts. in round numbers):— 


The even series elements in this group are be- 
ryllihha, calcium, strontium, and barium. The 
three metals, Ca, Sr, and Ba, are yellowish-white, 
rather soft, solids, with comparatively small 
specific gravities; their characteristic properties 
have already been detailed in tho present article 
(v. p. 200). The metal beryllium differs con¬ 
siderably from the other even series members of 
the group; unlike these metals, it cannot be ob¬ 
tained by electrolysing the chloride ; the method 
by which beryllium is obtained is very similar 
to that whfereby magnesium is prepared, viz. by 
heating the chloride with metallic sodium. Be- 
ryllium appears to be a silver-white, hard, solid; 
its specific gravity is small (approximately 17), 
melting-point high, not accurately determined, 
but certainly above 600°; the specific heat of 
this metal increases rapidly as temperature rises, 
and approaches a constant value between 400° 
and500°. Thespectrumof beryllium moreneavly 
resembles that of lithium than of any otlter ele¬ 
ment, in the number, relative position, and inten¬ 
sity, of the lines; but the character of the lines 
of greatest intensity in tho beryllium-spectrum 
closely resembles that of two pairs of lines in 
the spectrum of calcium. This metal does not 
oxidise in air at ordinary temperatures, and even 
when heated in oxygen it is only superficially 
oxidised; it combines with chlorine and iodine 
only at high temperatures; when heated with 
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As regards the mutual relations of groups and 
series, it should be further remarked that, calling 
the even series members of a group a family, and 
the odd series ifiembers a family, in groups 1 
and 7 the tamily-cbaraoter is more marked than 
the group-character, in groups 3, 4, and 6 the 
group-character preponderates over the family- 
character, and ingroups 2 and 6 the two charac¬ 
ters are about balanced, so that these two gasups 
present, perhaps, the best examples for the de¬ 
tailed study of the application ^of the periodic 
law to the classification of elements. Group II. 
•ontains the following elements:— 

Group IL 

Even scries: < 

2 4 6 8 

Be-9 Ca»40 Sr«87 Ba*«137 

Odd series : 

8 5 7 9 11 

Mg = 24 2n-C6 Cd-112 — Hg«200 I 


sulphur, no sulphide of beryllium is formed; it 
very readily combines with silicon. Beryllium 
does not decompose water even at a red heat; it 
dissolves in an aqueous solution of potash with 
formation of beryllium oxide and evolution of 
hydrogen; it is easily soluble in dilute hydro¬ 
chloric or sulphuric acid, but has little or no 
action on nitric acidt The compositions of the 
salts of beryllium are represented by the same 
formulsB as express those of th% salts of Ca, Sr, 
and Ba; the oxide BeO does not combine with 
water, but the hydroxide, Be©^, can be pre¬ 
pared indirectly; this hydroxide is easily decom¬ 
posed by heat alone, it resembles tho hydroxides of 
zinc and of aluminium in being soluble both in 
acids and in aqnvous potash, it combines with 
carbon dioxide to produce BeCO,; the oxide 
cryst^lises in the same (hexagonal) form as 
aluminium oxide; under certain conditions zinc 
oxide can also be obtained in this form; beryl¬ 
lium oxide usually occurs in combination with 
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^Quusa and silica, as beryl. Most of the salts 
if beryllium are white; the nitrate, sulphate, 
kud chloride are soluble, the carbouale and phos* 
)bate are insoluble, in water. Beryllium sul* 
)bats does not form an alum, but does combine 
with potassium sulphate to form a double salt 
laving the composition BeS 04 .K^S 0 ,. 2 H 30 : the 
jhloride does not form double salts with the 
^ali chlorides; the carbonate is fairly stable 
.owards heat, but easily forms basic, ana also 
louble, salts; the sulphate, which also readily 
iroduoes basic salts, is completely •decomposed 
nto oxide and oxide of sulphur by the action of 
leat alone. The chloride and bromide of beryl- 
ium have been gasified ; an ethide, Be(C^H-)^, 

,8 known; it is a fuming liquid which takes fire 
ffhen gently warmed in air. 

The odd series members of the group we are 
wnsidering are magnesium, zinc, cadmium, and 
mercury. The properties of the metal magne- 
jium fiave already been stated in this^ article 
[v. p. 200); of the |emaining metals, zinc and 
cadmium are very similar, while mercury differs 
in many respects from any other member of 
the group. Zinc and cadmium occur together 
in minerals, chiefly as sulphides; both are ob¬ 
tained by deoxidising the oxides by hot carbon; 
both are heavy, moderately hard, tin-wbito 
solids (S.G. Zn»7-2, S.G. Cd 8-0); both melt 
at fairV high tempeiutuies (M.P. Zn = 420®, 
M.P. Cd«=320‘^), and both can be volatilised at 
temperatures somewhat under 1000°. Cadmium 
is ductile and malleable, the ductility and mal¬ 
leability of zinc vary considerably with varia¬ 
tions of temperature; both are easily soluble in 
the ordinary mineral acids, zinc dissolves in 
concentrated warm aqueous solutions of potash 
or soda, with evolution of hydrogen and produc¬ 
tion of an unstable zincate of the alkali metal 
(xZnO.pMgO); both are nearly unacted on by air 
or oxygen at ordinary temperatures, but are 
rapidly burnt to oxides when heated in oxygen; 
both «eadily combine with the halogens and with 
sulphur. The formal® which represent the com¬ 
positions of the chief compounds of Be, Ca, Sr, 
Ba, and Mg, also represent those of the chief 
compounds of Zn and Cd; almost all similar 
salts of Zn and Cd aro isomorphous. The 
oxides, MO, do not combine with water to fom 
hydroxides; the hydroxides, are quite 

insoluble in water, and are readily decomposed i 
by heat alone into oxides and water; ZnOjHj is 
soluble, CdOaH, is insoluble, in aqueous potash. 
The chloride, sulphate, and nitrate of either 
metal is soluble, the phosphate and carbonate 
Bre nearly, if not altogether, insoluble, in water; 
these salts show great readiness to fonn double 
salts, especially with the aikali metals and with 
ammonia, and also to form basic salts, but the 
zinc salts are iffore resdy to undergo the latter 
changes than the salts of cadmium. Mercury 
differs from all tther metals in being liquid at 
temperatures above -39°. This metal occurs 
chiefly as sulphide, from which it may be ob¬ 
tained by heating with iron, and in other ways; 
it is a silver-white, heavy ^quid (S.G. about 
13;6); it boils at 860°, and is very easily vola- 
tilised; it is unacted on by oxygen until a tem¬ 
perature near 360° is reached, when it slowly 
combines with oxygen to form HgO. Mercmy 
readily combing with the halogens and with 


sulphur; it is without action on water; dilute 
nitrio acid quickly dissolves mercury, and it is 
also soluble in hot concentrated sulphuric acid, 
but neither boiling hydrochloric, nor boiling 
dilute sulpburio, acid acts upon it. Mercury 
forms two series of salts, mercurous salts repre¬ 
sented bf HggO, HgjCl^ Hg,jS 04 , HgNOj, &o., 
and mercuric salts represents by EgO, HgCl„ 
HgSO^, Hg2NO„ (fee.; the latter, as a class, are 
more soluble in water, and are much more stable, 
than the former. No hydroxides of merouiv are 
known; HgO is said to be very slightly soluble 
in water, and also in molten potash. The salts of 
mercury, especially the mercuric salts, form a 
great many double compounds, chiefly with the 
salts of the alkali metals; they also readily form 
many basic salts; a very large number of com¬ 
pounds of mercury salts with ammonia, and de¬ 
rivatives of ammonia, is known. 

The following data present some of the 
measurements which have been made (chiefly 
by Thomsen) of the quantities of heat produced 
during similar changes undergone by the ele¬ 
ments, or by oompdunds of the elements, in the 
group we are now considering ‘ 


M [M.Ol’.Aq] 
Ca 187,600 
Sr 195,700 
Ba 196,300 
Mg 186,900 
Zn 112,800 
Cd 96,300 
Hg 63,200* 
Hg, 62,600* 


[M.Br*.Aq] [M,I*,Aq] tM.O.N*0'AQ] [M,0] 
166,800 186,300 177,160 180,930 


173,800 143,400 
174,400 144,000 
165,000 134,600 
90,900 60,500 
74,400 44,000 
41,480* 24,300* 
60.950^ 28,400* 


185,410 128,440 
187.000 124.240 
176,460 146,000 
102,610 66,400 
86,000 66,600 
37,070 80,670 
47,990 42,200 


H [M,Cy*.3KCyAq3 
Zn 62,230 

Cd 44,750 

Eg 27,780 

>0 far as these data warrant us in drawing 
;enerai conclusions, it appears that the quantity 
if heat produced during the occurrence of a 
imilar chemical change increases as the atomic 
veight of the metal increases in the cases of 
iven series members of Group H., but that the 
quantity of beat produced decreases as the atomic 
veight of the metals in odd series of the group 
ncreases. Further, it seems that the increase 
n the even series members is much less for* 
jqual increments of atomic weights than the de¬ 
crease in the odd series members. And lastly it 
is seen that the value for magnesium, which is 
;he first odd series member of the group, is gene¬ 
rally nearly the same as the ^slue for calcium, 
Rrhich is the first even aeries member for which 
thermal data have been observed. Unfortunately 
aardly any thermal measurements have yet been 
made for compounds of beryllium; the follow- 

**The square bracket denotes that the tbennal value of 
the chemical change which occurs between the bodle* 
within the bracks is measured; the oomma means Uiat 
chemical action occurs bAween the bodies the symbols <a 
which are separated by this oomma; the symbols of ele¬ 
ments and compounds are to be read In g^s; tha fl|pr« 
represent gram-units of heat produced; the symbol Aq ii 
used to denote so large a mass of water that an laoreMS 
in* this mass would not affect the thermal ralue ot tM 
ohango. Tbo. [Ca,Cl',Aq]“lW.«<X> meiuu tliat W.600 
mm-units of beat are produced when 40 grams of oalcium 
and ri grains of chlorine combine, in presenoe of maoh 
water, to produce 111 grams of calcium chloride. 

• These figures represent the heats at formation « 
solid HgCI, Hg,01, HgBr* Hg,Br„HgI* and Hg4,te. 
sDcotlvelj. 
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tng numbers, taken from Thomseu*s work» show 
that the heat of neutralisation of beryllium 
hydroxide is very much less than that of the 
other even series members of the group, or of 
magnesium, and approaches the values for 


lino, cadmium, and mercury:— 

Q 

[Q.2HClA(i) 

BeOjH, 

16,100 

CaO.H, 

27,000 

SrOjHj 

27,630 

BaOgU, 

27,780 

MgO,H, 

27,690 

ZnO,H, 

19,880 

CdO,H, 

20,200 

HgO 

18,020 


Looking at these thermal measurements as a 
whole it is clear that, thermally considered, mag¬ 
nesium is very analogous to th^. three metals Ca, 
Sr, and Ba; that the three metals Zn, Cd, and 
Hg form a second class, marked off from the 
Mg...Ba class; and that, if one may draw any 
conclusions from the meagre data, beryllium 
seems to belong to the zinc father than to the 
magnesium class. A consideration of the ther¬ 
mal values of the reactions of the metals in 
Group n. with acids shows that mercury is 
more widely separated from the other members 
of the group than these other members are from 
one another. Thus, take the values of the 
^fferenoes (1) between the heats of formation of 
the chlorides of the metals and that of gaseous 
hydrochloric acid, and (2) between the heats of 
formation of aqueous solutions of the nitrates of 
the metals and that of aqueous nitric acid; 
these differences give comparative representa¬ 
tions of the quantities of heat produced, or which 
disappear, when equivalent masses of the metals 
react (1) with the same (equivalent) mass of 
gaseous hydrochloric acid, and (2) with the same 
(equivalent) mass of nitric acid dissolved in 
much water:— 


H 


M 

[M,O.N®0»Aq]-[N*0‘,Aq] 

Ca 

125,820 

Ca 

117,520 

Sr 

140,550 

Sr 

125,770 

Ba 

150,740 

Ba 

127,380 

Mg 

107,010 

Mg 

116,840 

Zn 

53,210 

Zn 

42,870 

Cd 

49,240 

Cd 

20,300 

Hg. 

18,600 

Hg. 

— 11,050 (used) 

Hg 

9,200 

Hg 

-22,570 (used) 

Aa a 

general role, 

snoh 

thermal data as are 


given here and elsewhere in this article repre- | 
sent differences be^een the quantities of energy | 
degraded from more chemically available to less 
obemioally available forms, during similar reac¬ 
tions. Of two systems producible from the 
same initial system, that one will bo the more 
stable the production of which is attended w^h 
the running down of the greater quantity of 
energy. It is most important fto trace con¬ 
nexions between the compositions of chemical 
systems and the quantities of energy degraded 
during the production of these systems; but 
such thenn^ data as are given hero can only 
be regarded as affording bases for very rough 
Gompansons of the stabilities of the various 
systems produced by the different chemical 
operations formulated (v, further Equilibsium, 
OBXUZOAL; and PhtsxoaZi msthodb). 

EortW data on which comparisons of ths , 


compounds of the elements in Group 11. may be 
based are furnished by (1) the melting-points, 
and (2) the ^o-called speoiffo volumes, of similar 
compounds. The speoidc volume of a compound 
is defined as the quotient obtained by dividing 
the formula-weight by the speciho gravity of 
the solid compound; it represents the volume, 
in cubic centimetres, occupied by the mass of 
the solid compound, in grams, represented by 
the formula of the compound. The difference 
between the specific volume of a binary com¬ 
pound and that of one of thr elements contained 
in one formula-weight of the compound may be 
taken as representing the specific volume of the 
other element in one formula-weight of the com- 
I pound; these differences afford useful data for 
comparing similar compounds of elements in the 
same or different groups:— 


Melting-points of chlorides and bromides (approx.). 


BeClj 600® 
CaClj 720 
SrCl, 825 
BaClj 800 
MgClj 700 
ZnClj 2C0 
CdCl. 640 
HgClj 2«0 


BeBr^ 600® 
^GaBr, 680 
SrBrj 630 
BaBrj 810 
MgBr, 700 
ZnBr, 400 
CdBr, 570 
HgBr, 240 


Bpec. Tols. of solid oxides MO. 

round difter- 
numbers cuoca 


BeO 

s 

CaO 

Ig .... 

BrO 

22 

BaO 

28 • ’ • • 

MgO 

12 

ZnO 

14 • • • • 

CdO 

16 • • • • 

HgO 

19 • • • • 


10 

4 

6 

2 

2 

$ 


spec. vols. of MO—spec. vols. of M. 
(sliypothetical spec. vols. of 0 in MO) 
InBeO -t-2-7 
„ CaO -7*2 
„ SrO -12'9 
„ BaO -8-6 
„ MgO -1*8 
„ ZnO +6*1 
p, CdO -i- 6*5 
„ HgO + 4*7 


As regards the meltir ^-points of chlorides 
and bromides, we see that the five metals Be, 
Ca, Sr, Ba, and Mg, are closely related to each 
other, while the three remaining metals of the 
group, viz. Zn, Cd, and Hg, form a class by them¬ 
selves. As regards the specific volumes of oxides, 
we notice that the values increase from BeO to 
BaO, then fall to MgO, and again increase from 
MgO to HgO^; the great differer^e between the 
value for CaO and that for BeO (10), and the 
smaller difference between thev|laeforBeOand 
MgO (4), suggest that BeO is more allied to the 

group MgO.HgO than to the group CaO, 

SrO, BaO. An analogy between BeO and the 
oxides of Zn, Od, and Hg, is also pointed to by 
the value for the specific volume of 0 in the 
oxides MO. 

Finally, let ns tabulate the differences be¬ 
tween the values of the atomic weights of pairs 
of consecutive metals in the group vre Mt con¬ 
sidering 
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. Ca—Be 
|5ii«» 40 

Ba-St 
137 




60 + 47' 


. 48-6, 


Odd series j -41 fi2_66 } 

47+60+41+47 + 44 

5 


. 45-8. 


Omitting the difference Ca-Be, it is ^eon that the 
difference between the atomic weights of a pair 
of consecutive elements approaches the value 45; 
and that the difference is rather larger in the 
cases of the elemen]i^ belonging to even series 
than in those of elements belonging to odd series. 
Bat the difference Ca-Be is only 31: in this 
respect beryllium stands marked off from the 
other elements of the group. If the differences 
between the values of the atomio weights of the 
first and second even series members of Groups I. 
to VII. are tabulate#, it is found that this differ¬ 
ence varies from 32 (K—Li) to 36 (Mn —P),and 
has a mean value of 34 ; but 34 is considerably 
less than 46, which is about the mean difference 
between any two elements (omitting the elements 
from Li to Na) in the same group and in con¬ 
secutive even, or consecutive odd, series. 

Looking back at the properties of the ele¬ 
ments in Group II., it appears that beryllium is 
distinctly marked off from the other elements of 
the group; that calcium, strontium, and barium 
arc more closely related to each other than they 
are related to any otlier elements of the group; 
that the relations between zinc and cadmium are 
most marked; and that mercury is to some ex¬ 
tent separated from the other members of the 
group. Beryllium approaches magnesium in the 
method of its preparation; in its high melting- 
point; in the unreadiness with which it oxidises; 
in the ease with which its hydroxide is decom¬ 
posed by hcat;*in the solubility of its sulphate ; 
in th^ specific volume of its oxide; and in some 
other properties. Beryllium approaches calcium, 
among other respects, in the nature of its spec¬ 
trum; and in the readiness with which its 
hydroxide combines with carbon dioxide. In 
the melting-point of its chloride and bromide, 
beryllium approaches the three metals calcium, 
strontium, and barium. The analogies between 
beryllium and zinc are marked by the following 
among other properties: action on water; solu¬ 
bility in aqueous potash; crystalline form of the 
oxides. The solubility of beryllium sulphate in 
water; the readiness with which basic salts, and 
also double salts, of beryllium are produced; the 
existence of gasiflable chloride, bromide, ethide, 
and propide, of beryllium ; ^he specific volume of 
oxygen in berji^ium oxide; and tiie thermal 
value of the neutralisabion, by aqueous hydro¬ 
chloric acid, of beryllium hydroxide; these pro¬ 
perties indicate the analogy between beryllium 
and the three odd series members of the group, 
zinc, cadmium, and mercury. Calcium, stron¬ 
tium, and barium certainly stand by themselves; 
but in the specific volume of the oxygen in its 
oxide, and more especially in the thermal values 
of similar reactions, the odd series metal mag¬ 
nesium is dosely related to these three even 
Mties metals. S^rcuiy is marked off from the 


other elements of the group by the fact that it 
forms two series of salts, and by the thermal 
values of the reactions between it and hydro- 
ohlorio and nitric acids; but in the general 
character of its peisalts, in the melting-points 
of its chloride and bromide,in the specifio volume 
of its oxi^e and of the oxygon therein, mercury 
is clearly related to zinc and cadmium; and in 
the solubility of its oxide in molten potash, the 
relationship of mercury more espeoi^y to zinc 
and beryllium is rendered evident. An element 
has yet to be discovered which shall have an 
atomio weight equal to about 168, and which 
: shall form a link between cadmium and zinc on 
one side and mercury on the other. 

Putting together all we have learned of the 
elements and the compounds of the elements in 
Group 11., we see that the group contains certain 
sub-groups or families, but that the special 
characteristics ofthese families are balanced by 
the strength of the group-character which im¬ 
presses itself on all the members of the group. 

Group VI. comprises the following ele¬ 
ments :— • 

Even series 

2 4 6 8 10 12 

0 = 16 Cr-62 Mo=96 — W-184 0 = 240 
Odd series 

3 6 7 9 11 

8 = 32 Se=79 T0=126 — — 

We have here two families: the even series 
members 0, Or, Mo, W, and TJ; and the odd 
series members S, Se, and Te. But in many 
respects the first member of the even series 
family, oxygen, more resembles the odd series 
family than it resembles the other members of 
its own family. There is a distinct line of sepa¬ 
ration between oxygen on one side and Or, Mq, 
W, and TJ on the other side. The four members 
of the even series family Cr ... . U may be 
divided into two aub-faiiulies, Or and Mo, and 
W and TJ; but there are well-marked analogies 
between Gr and TJ on the one hand, and between 
Mo and W on the other hand. Finally, some of 
the members of the even series family, besides 
oxygen, show very distinct relations to members 
of the odd series family; e.g. Cr and S, and U 
and Te, are more or less closely related. 

Let us consider these relationships very 
briefly. The compositions of the binary com¬ 
pounds of 0, S, Se, and Te, emphasise the rela¬ 
tions between the four elements: we have MHj, 
MCL, MK,, MCa,M(Cr.Hrn4.i)2ffeo-. where M = 0, 
S, Se, or Te. The properties of these compounds 
are also very similar. No hydrides of the other 
even series members (Cr.... TJ) are known, the 
best-marked chlorides of these elements are not 
MCL, nor do these elements form compounds 
witn K, Ca, or the radicles CnHin+i' There is a 
less-marked gap between the physical properties 
of 0 on one lAnd, ^nd S, Se, and Te on the 
other, than between the former element and Cr, 
Mo, W, and TJ: thus, the melting-points of S, 
Se, and Te all lie under 650®, whereas Or, Mo, 
aod W, are scarcely fusible at the highest at¬ 
tainable temperatures, and TJ melts only at a 
full red heat. The specific gravities also of S 
and Se are less than 6, whereas the values of 
this quantity for Cr.... U vary from 6*7 (Or) 
to 19 (W). The specific gravity of Te is about 
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6*2. The elements S, Se, and Te, are distinct!; 
non*metallio and negative; their oxides are acid- 
forming ; these elements do not replace the hy¬ 
drogen of acids with formation of salts; in these 
respects they approach closely to oxygen, which 
is the typical non-metallio acid-forming element. 
Tellurium, however, is to some extent separated 
from selenion and sulphur; it is a white, brittle 
solid; its haloid compounds are much more 
stable than those of S or Se; its oxides are not 
strongly acid-forming; the acids H^TeO, and 
H,TeO« are easily separated into water and 
ai^y^ide, they are only slightly soluble in 
water, and are feeble acids (this statement may 
be made although the relative affinities of these 
acids have not yet been determined). Thomsen's 
measnrements of the relative affinities of sul. 
phuric and selenio acids (H 2 SO 4 and H.^SeO^), 
and the confirmation of these results by Ostwald’s 
study of the electrical conducti^ties of aqueous 
solutions of these acids with varying masses of 
vrater (v. Affinity, vol. i. pp. 76, 81, 83), show 
that these two acids are most closely related in 
their powers of combining with bases. The heat 
of formation of aqueous solutions of the oxides 
MO,, however, point to a closer relation between 
Se and Xe on one hand, than between either of 
these elements and S on the other hand: thus, 
f 142,410 when M = S 
[M, 0*, Aq] - 76,660 „ M = Se 

( 98,380 „ M-Te. 

Notwithstanding these resemblances we must 
admit that oxygen is distinctly cut off from the 
other members of the gronp, whether they be 
even series, or odd series, elements. Thus the 
thermal values of the formation of hydrides re¬ 
veal a great gap between 0 and S: [H^ 0 ] 
»68,360, but S]= 4,740 (unfortunately 
values for [H^, Se] and [H^, Te] have not yet 
been determined). Oxygen, libe beryllium in 
Group U., is a so-called ‘ typical ’ element; the 
relations of this element to the odd series family 
of its group— 8 , Se, and Te—are not unlike the 
relations of the typical Be to the members of its 
group which belong to odd aeries—Mg, Zn, Cd. 
Oxygen is distinctly cutoff from the even family 
Cr .... U by its physical properties ; by the 
oomposition of compounds with the same ele¬ 
ments, e.sf. 0 Cl 3 , 02 Cl.CrCl 3 , MOCI 5 , WC1„, UCl,; 
by the properties of many of these compounds, 

OClj boils at — MOCl, and WCl, melt 
between 200^ and 300*^, the heat of formation of 
004 has a large negative value, the heats of 
formation of chlogides of the other elements 
have not been determined, but from established 
analogies there can be no doubt that the numbers 
representing these beats of formation have large 
positive values; further the elements Cr, Mo, 
W, U, act both as acid-formingaud salt-forming 
elements, whereas oxygen is in the most marked 
way the typical acid-forming element. 

The even family Cr .. .y. U may be broadly I 
divided into two sub-families. Cr and Mo, and 
W and U. Thus the specific gravities of Cr and 
Mo are, req)ectiveiy, 6*7 and 8 ’ 6 , of W and U 19 
and 18*6; the epecifio volumes (i.e. atomic 
weigbt*«-S.O. of solid) are 7*7 and 11'3, and 9*7 
and 12*9. Some of the oxides of ohromium, e.ff. 
CtyOg, are distinctly salt-forming, but CrO, is the 
anhydride of a well-marked acid, H^CrO^, from 
which ia derived a large series of well-marked 


salts, for the most part isomorphous with simi« 
lar sulphates and manganates. The oxides of 
Mo can scarcely be classed as salt-forming, 
although MoO, is said to dissolve in acids with¬ 
out evolution of oxygen; MoO, is the anhydride 
of an acid H^MoO^; two olasses of ohromium 
salts exist, ohromous salts represented by 
CrS 047 H 20 , and the more stable chromic salts 
represented by Cr^SSO,, CraGNO,, &o,; hydrated 
oxides of the composition MOxHaO, both of Cr 
and Mo, seem to exist, but they are easily oxi¬ 
dised to cocqpounds of the form MjCssHaO. 
The relations of W to 17 arer^similar to those of 
Mo to Cr; few, if any, distinct salts are known 
obtained by the replacement of the hydrogen of 
acids by W, but U forms two well-marked series 
of salts, represented by USO, and UO 2 SO 4 ro- 
speotively; the oxides WO^ and UO, are both 
anhydrides of acids HaW(U) 04 . The oxide WO, 
resembles MoO, in that it mssolves in acids 
without evolution of oxygen; WO, and MoO, 
also form double compounds with various anhy¬ 
drides, e.^. with P 2 O 5 , SO 3 , <Sa. The salt-form¬ 
ing character of the oxides of the family Or, 
Mo, W, U, decreases from Cr to Mo, and again 
increases from W to U, but at the same time 
the extremes of the family (Or and U) produce 
more distinctly marked acid-forming oxides 
(MO,) than either of the means (Mo and W). 
Pinally, the highest members of the odd and 
even series of Group VI., Te and U, are, on the 
whole, more positive (although T7 produces a 
well-marked acid-forming oxide) than the other 
members of either family; and the first member 
of the even family, viz. Cr (excepting oxygen, 
which belongs both to the odd and the even 
families), shows fairly marked analogies with 
the first member of the odd family, viz. S. 

Summing up the characteristics of Group VI., 
and comparing them with those of Group II., we 
see that the fonner group, as a whole, is non- 
metallic; its members are comparatively nega¬ 
tive, and their best-marked oxides, as a class, 
are acid-forming; but we find in it two families, 
one of which, Cr . . . U, is more metallic and 
salt-forming, and the other, S . . . Tc, ia more 
non-metallic and acid-forming. Similarly we 
find in Group II. two families, one more dis¬ 
tinctly metallic than the other; but, on the other 
hand, the whole character of Group II. is me¬ 
tallic, and the oxides of the members of the 
group are salt-forming. In each group we have 
found a * typical ’ element: in Group VI. oxygen, 
in Group II. beryllium; the properties of this 
element to some extent summarise the properties 
of all the members of the group. The difierouco 
between the value of the atomic weight of oxygen 
and that of the next oven series member of 
Group VI., viz. Cr, is 36; the dilferenco between 
the atomic weight of beryllium ^nd that of the 
next even senes member of Group II., viz. Ca, 
is 31; the mean difference between any two con¬ 
secutive even or odd members 01 either group is 
about 45; oxygen perhaps rather more closely 
approaches the properties of the odd family of 
its group than bervllium approaches the pro¬ 
perties of the family of Group II. the members 
of which belong to odd series. 

Let ns now turn for a moment to those groups 
in which the family-character prepwderatesoveF 
the group-character, Groups 1. and VII., and to 
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thowtn vMoh the gronp<ohsraoter is much more 
marked than the family-oharaoter, Groups 111., 
IV., and V. * 

Group I. 
tven 5enes— 

2 4 6 8 

Li-7 K-89 Ilb-85 C8-133 

Odd Series— 

8 5 7 9 11 

Na=23 0u»63 Ag»108 — Au-197 
The very marked similarity between Li, Ha, 
E, Bb, and Gs, botbas regards the metals them* 
selves and their oompounds, quite overshadows 
the much more feebly marked similarities which 
exist between Gu, Agi and Au. But the thermal 
values of the reactions between lithium and 
water, between Li and 0, Li and Gl, or Li and 
Br in presence of water, <&o., the oomparative 
insolubility of LiOH, Li^GO,, LigPOj, the non- 
foro^tion of an alum containing Li, the non- 
formation of double salts containing LiGl, the 
comparatively les^ ready oxidation of Li, and 
some other properties, show that lithium is to 
some extent separated from the metals Na... Gs. 
The properties of those salts of copper of 
which the chloride CUgCl, is a representative, 
exhibit some analogies with those of the com¬ 
pounds of lithium. Silver approaches the even 
family of Group I. in the composition of all its 
well-marked salts, in the distinct alkalinity of 
its oxide, and in the fact that silver sulphate 
forms an alum. Although gold is distinctly 
marked off from the other members of tho group, 
yet in the softness of the metal, in the facts 
that compounds of the form MjjO are known, 
that the auric haloid compounds very easily 
form double salts with tho haloid compounds of 
Na . . . Os, that AugO and AuB are sol. in 
water, and in a few other respects, this metal 
exhibits some analogies with the even family 
of the group ^nd with sodium. 

group Vn. 

Even Series — 

3 4 
F-19 Mn = 65 

Odd Series — 

8 5 7 

01-35*5 Br-80 1 = 127 

Here the family-character of the odd series 
members impresses itself on the wholo group; 
fluorine exhibits deflnite relations to the odd 
family, but the two facts that it forma no com¬ 
pounds with oxygen, and that its oompounds 
with hydrogen and the alkali metals exhibit the 
greatest readiness to form double salts, suUIce 
to out it off to some extent from 01, Br, and 
1. The heat of neutralisation of HF is consider¬ 
ably larger than the heat of neiAralisation of 
HOI or HBr*. [HMAq, NaOEAq]-18,740 when 
M»01 or Br, hut »16,250 when M-F, but 
the relative ajffinity of HF is very small; it is 
approximately equal to 6 when that of HGl—100, 
and that of BBr » 95 or so. The thermal values 
of soma similar reactions oi 01, Br, and 1, show 
that these elements are not so closely related to 
each other as a consideration of the outstanding 
chemical properties of their compounds would 
lead one tc^uppose; thus, [H, 01] "22,000 ; 
[H, Br]» 8,040; [H, C - - 6,040 (absorbed). The 
Vo&. li 


differences between the properties of perohlorio 
and periodic acids also emphasise the oifferenoes 
between chlorine and iodine. The isomor¬ 
phism of permanganates and perchlorates, the 
markedly acid-forming character of MnOg, and 
the existence of permanganio acid, establish a 
connection, feeble though it be, between man¬ 
ganese and the other members of Group VIL 
In studying the relations of the members of this 
group it should not be forgotten that no repre¬ 
sentative of series 6, 8,9,10,11,12 or 18, is at 
present known. 

Group HI. 

Even Series— 

2 4 6 8 le 

B = ll So = 44 I»89 La = l39 Yb«lf8 
Odd Senes — 

3 5 7 9 11 

Ai-27 G5»69 In = 114 — Tl-204 

The group-character is here impressed on 
all the elements; A1 and Ga form a family to 
which In is allied ^nd T1 shows analogies in one 
class of compounds; So is not without analogies 
to AI and Ga, it is also distinctly related to B; 
of the other metals too little is known to enable 
us clearly to sec their analogies. The last mem¬ 
ber of the group, thallium, astonishes us by the 
marked way in which in the thallous salts 
(Tl.G, TlgSO,, Ac.) it approaches the even series 
members of Group I., viz. Li . . . Os. The 
typical element, boron, while showing analogies 
with all the other members of the grou{>, and 
with other elements, e.g. with 0 and Si, is yet 
different from any of them; it is a good repre¬ 
sentative of the want of family likeness between 
the even series members or the odd series mem-* 
bors of this group, and at the same time of the 
distinctly group character which is impressed on 
all the elements in the group. 

Group IV. 

Even Series— 

2 4 6 8 10 12 

C-12 Ti = 28 Zr = U0 Ce-140 — Th = 232 

Odd Scries — 

3 5 7 9 11 

Si=28 Ge-72 Sn-118 — Pb-207 

Here again the even series members do not 
form a family marked off from the odd series 
members. Certain minor families are, it is true, 
to be found in the group, but on the whole the 
group-character much preponderates. Carbon 
stands by itself; it is marked off from all other 
elements by the immense number and com¬ 
plexity of the oompounds which it forms with 
H, 0, N, S, and the halogens. Most nearly re- 
la^d to carbon we have the first odd series 
member of the group, silicon; the silioo-oiganio 
compounds, the existence of allotropio varieties 
of siuoon, the*relatiuns between the specific heat 
of silicon and temperature, the therm^ values 
of similar reactions of carbon and silicon, ex¬ 
hibit the analogy between these elements (n. 
Oabbon oboup of elbmbnW). The physical 
properties of Ti and Zr, the stab^ty, and acid- 
forming character, of their oxides MO^, tho 
volatility of their ohloridea MCl^, tho iso¬ 
morphism of some titanates and ziroonates with 
silicates, these points emphasise the conneotiona 
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between Ti, Zt, Si* and 0. Bat the formation 
of the sulphate Ti(S 04 W of various salts of 
siroonium, e.g» Zr(S 04 ) 3 , dto., show that 

these elements inoline also towards Ce and Th 
which follow them in the even seriest oad to< 
wards Sn and Pb which belong to odd series of 
the same group. Geriam forms salts analogous 
to those of zirconium, e.g» 06 ( 804 ) 2 , but its most 
marked compounds are represented b; the per¬ 
oxide GeOg. Thorium again approaches more 
closed; to Ti and Zr than Ce does; the existence 
of ThO*. Th(S 04 )« KjThF,, ThF 4 . marks thU 
analogy. Tin and lead resemble each other 
physically more than they resemble other 
znmnbers of the group; they exhibit the group- 
chasaoter in their oxides MO and MO,, in their 
chlondes (or ethides) MCI 4 , in their salts E^MO,; 
tin Inrther exhibits this character in its stannic 
salts Sn(S 04 ) 2 , 8 n(N 0 ,) 4 , Ac.; but each of these 
elements produces compounds which have no 
analogies among those of the other members of 

group. 

Group V* 

Even SerCea-— 

2 4 6 8 10 

N-U V = M Nb = 94 Di-144 Ta-182 
Odd Series — 

8 5 7 9 11 

P-81 As-76Sb = 120Er-166 Bi«208 

The group-character is so impressed upon the 
whole of these elements that we may almost say 
there are no families; and yet the group falls 
into two subdivisions, each of which nearly re¬ 
peats the oharaotcristics of the other. From N 
to Ta we pass from a most markedly non- 
met^o, acid-forming, element to an element 
which, on the whole, is more metallic than 
non-metallic; from P to Bi we repeat the same 
gra^tion, only here the starting-point is an 
element rather less negative in its functions than 
nitrogen, and the last member of the series is 
decidedly more positive than tantalum. The 
less prominently acid-forming character of 
phomhorus as compared with that of nitrogen 
is exmbitcd, among other ways, by the relative 
ajffinities of nitric and phosphoric acids; the 
former being taken as 100 , the latter is approxi¬ 
mately equal to 20. The bjklanceof metaUio and 
noQ-met^o properties m tantalum is woU 
shewn by the action of acids on aqueous solu- 
tiems of potassium tantalate. Acids whose rela¬ 
tive affimty is large, e,g. sulphuric or hydro¬ 
chloric acids (affinity - (approx.) 70 and 100), 
decompose this salt and pp. tantalio acid 
(HsTaO,) in combination with a portion of the 
acid used; acids with a smaller affinity, e.g. 
s^phurotts acid (affinity not determined, b{?t, 
from Ostwald’s eleotriou experiments, it must 
be eonsiderably less tiian completely 

pp. pore tantalio acid; acids wim yet smaller 
affinities, s,g. H 2 PO 4 (sanity about 20 ), pp. po¬ 
tassium tantalate; and, lastly, acids wiw very 
small affinities, acetic or succinic acid (affi¬ 
nities 6 and 7 respectively], cause no pp. when 
added to solutions^ potassium tantalate. That 
the last member of the odd series family, viz. 
bismuth, Is more metaUie thaA the last member 
of the even series family, viz. tantalum, is 
shown by the fact that in m its well-establi^ed 


oompoui^s bismuth is positive to the other ele> 
ments with which it is combined, and that if 
hydrated bisputhio oxide, BifO^H^O, acts as 
an acid it forms salts wMoh can scarcely Iw 
obtained in definite form, and which are cer¬ 
tainly at least partly decomposed by the action 
of hot water. 

We have thus endeavoured to draw the out¬ 
lines of a scheme of classification of the elements 
and their sompounds based on the comparison 
of those which are similar in physical and 
ohemioal properties, and by similar chemical 
properties we have implied sxnilarity of function 
ana similarity of composition. It yet remains, 
however, to examine somewhat more closely into 
the composition of the compounds classified, 
with the view of finding whe^er anything can 
be learnt of the structure of these bodies in the 
sense which is given to the word structure by 
the molecular and atomic theory. The composi¬ 
tions of the highest oxides, and of some 0 ^ the 
other compounds of the elements, appeai*to vary 
periodically with variations irfthe atomic weights 
of the elements. If B represent the mass of an 
element expressed by its atomic weight, and if 
X represent the masses of F, 01, Br, or I, ex¬ 
pressed by the respective atomic weights of these 
elements, or the masses of the groups OH, KO„ 
ClOa, itc., expressed by these formulee, or the 
masses of the elements or groups of dements 
expressed by halves of the formula 0, 8 , SO,, 
CrO,, d^o., then we may say that the compositions 
of the oxides 

BjO, BO. BjO,, EOj, B,Oa, 
are expressed by the symbols 

BX, BXj. BX„ BX4, BXj. 

We may also say that the compositions of the 

^ E2SO4; B{N0,)2; B(NOa)„ EOCl, 

BONO,; BOCI„ 
are expressed by the symbols 

BX; BX,; BX„ EX„ BX,, BX,; BX,. 

In this way it becomes possible to give general 
expressions for the forms of the highest stable 
oxides characteristic of each group, and also for 
the forms of the highest well-marked salts of the 
elements of each group. It is generally found 
that the greater the value of X in the oxide- 
form the smaller is the value of X in the salt- 
form. The following symbols are given by 
Brauner {Sits. W. [Math.-Tiaturwiss. Claase]^ 84, 
1165) 


Groups • 

. I. 

II. 

m. 

IV. 

Oxide forms 

. EX 

EX, 

EX, 

BX, 

Salt forms 

. EX, 

EX, 

EX. 

EX, 

Groups . 

. V. 

VI. 

VII. 

vm. 

Oxide forms 

. EX. 

EX, 

EX, 

EX, 

Salt forms 

. eJc, 

EX, 

EX 

B,X 


The characteristic oxides of most of Uie ele¬ 
ments belonging to Group I., Li ... . Au, are 
represented by the general symbSl BjO; putting 

X - the ratio of metal to 0 in these oxides 
2 

is expresud bjr the symbol BX. Similerly the 
composition of the characteristio oxidee of the 
elements of Qroup II., Be ... . Hg, is lepre- 
sented by BO; but, as 0-!^, the symbol BX, 
expresses the same oomposition as the symbol 
BO. The Bait-forms, BX, .... BX, are intsi- 
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pnted in the «ama way as the oxide-forms. 
Thus Na forms a l^drated hydroxide of the 
composition Na.OH. 8 H(OHh now, if X » H » OH, 
this compound belongs to the general fonn BX^; 
similarly, the salt S^Cl, (Group YI.) belongs to 
the general form BX. These symbols must be 
interpreted onW in a wide and general way. 
For instanoe, the highest oxide of a metal of 
Group I. is E, 04 , and this belongs to the form 
BX 4 , but the moat oharaoteristio oxides (M^O) 
of the majority of the metals of* this group 
t^long to the form BX; the most oharaoteristio 
oxide of copper, however, is CuO, and of gold is 
Aa.Pi; these oxides belong, respectively, to the 
forms BXj and BX,.«But Ou and Au are classed 
both in Groups I. and YIII.; the oxide form of 
Group Till, is BX|, and the salt form is B^^; 
but no well-markea oxide or salt of either Gu or 
Au belongs to either pf these forms. So again, 


Group Y. has assigned tp it the oxide form BX, 
and the salt form BX,; the oxides N,0, .... 
Bi,0, certainly beloim to the form BX,; the 
salts NO,(OH), PO,(OH), dto., belong to the form 
BX,; b^t the salts PO(OH)„ Sb, 0 ,( 0 H) 4 , Ac., 
belong tOkthe form BX„ and the 8altBi,0,H(0H) 
to the form BX,. The symbols given must then 
be interpreted as representing the limits between 
which the compositions of most of the oom* 
pounds of each group vary; that with the 
greater value of X represents the composition 
of the highest compounds, and that with the 
smaller value of X represents the composition 
of the lowest compounds of the elements in 
any specified group. The expressions * silt- 
forms ’ and' oxide-forms * are not to be recom¬ 
mended ; it would be better to summarise the 
facts of composition in some such way as 

.•UJ- . • 


* limiting forms between which the composition of compounds varies. 

* Grouj^s. 

L II. HI. lY. V. YI. * YII. . Yin. 

BX,toBX EX,toRX, EXjtoBX, BX, BX,toBX, BX,toRX, BX,toRX BX, to R,X 


In Groups I. to III. the lower form usually 
represents the composition of what may be called 
the t^ical group oxides; in Groups V. to VIII. 
the higher form usually represents the composi¬ 
tion of the typical group oxides. The ‘ typical 
group oxides ’ are not always the most stable 
oxides; e.p. Bi,0,(BX,) is less stable than 
Bi,0,(RX,) (Group V.), PbO,(RX,) is less stable 
than PbO(RX,) (Group IV.). Sometimes these 
‘typical group oxides’ are scarcely known to 
exist; €.g. no oxide of the form BX, has certainly 
been obtained where B is an element of Group 
VII.; but the composition of the highest, and 
speaking broadly the most stable, acids (? acids 
with largest affinities) of this group of acid¬ 
forming elemerrts is represented by the symbol 
HMO 5 (where M = C1,1, or Mn), and the hypo¬ 
thetical anhydrides of these acids have the com¬ 
position M,0„ that is, are represented by the 
symbol BX,. Of the 11 elements which ought 
to find places in Group YII., only 6 are actually 
known; when the remaining 6 have been pre¬ 
pared and their compounds examined some of 
them may be found to form oxides belonging to 


the form BX,. Concerning Group YIII., it is 
difficult to say which oxides of the members of 
this group are to be taken as the typical group 
oxides; for Ni, Co, and Cu, one would bo inclined 
to adopt the oxides MO(BX,), for Fe and Au the 
oxides M 20 ,(BX,), for silver the oxide Ag.O(BX), 
and for Os and Bu tjie oxides M 04 (BX/). The 
compositions of these vary between the limiting 
forms BX, and BX; there is probably a sub¬ 
oxide of silver (Ag^O) belonging to the form 
RjX. 

When we deal with compounds other than 
oxides, the application of the limiting forms be¬ 
comes yet more difficult. If the term salt be 
taken to mean ( 1 ) acids, in the cases of markedly 
negative elements, or ( 2 ) metallic derivatives of 
acids, in the cases of markedly positive elements, 
then the oharaoteristio salts of the elements of 
Group I. are represented by LijSO,, and they 
belong to the form BX; the characteristic salts 
of Group II. are represented by BeSO,, and they 
belong to the form BX,. Tabulating in this way 
the characteristic salts and their general symbols 
for the groups, we have^he following result;— 


Groups 
Balt . 


Group 

Balt 

B'orm 


I. 

Li,SO, 
BX 

Group 
Salt • 
Form j 


Group 

Balt 

Form 


II. 

BeSO, 

BX, 


III. 

Al,3SO„ B(On), 
BX, 

V. 


IV. 

COL, Bn(SOJ, 

^ BX, 


NO.(OHK Bi3NO,| |PO(OH^, SbCl. 

/uoi,', u(so,),\ 3 nvci.. so,(oh), 

RX, KX, BX, 


VII. 


: |M„0.(0H), C10.(0H) 


Sronp 
SaU . 
Worm , 


FeSO, 

EX, 


Vlll. 

} and AuO(OK)| 

^ ,na(P‘01SO,(dH),Ptp4.I’‘O.SH(dH) 
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If term nit is used to inolnde all oom> 
potmda of a given element, whether these be 
olaased aa double salts, basio salts, hydroxides, 
Aq,, A<i.t then it is easy to find representatives 
of most forms, intermediate between the limiting 
grou|> forms, for the members of any group. 
For instance, salts higher than BX aim up to 
BX, belonging to Group I. are represented by 
KI, (BXa), £Aq 01, and EAuBr. (BX,), and 
F[a(OH).8H(OH) (B^; salts of the form BX, 
belon^g to Group XXL are represented by BOCl„ 
AlEOla, and AIHI,; salts belonging to Group II., 
of the form BX^, are represented by MgNaF, and 
BeEFg, and of the form BX, by BeEjF,, ZnE,F„ 
andBaO,H(OH). It has been sought to trace 
special nlations between the forms of hydrides 
and hydrated oxides io each group; thus, Men* 
delejeft gives the following symbols 


f iem and other groups, or single atoms. Tho' 
ay was thus prepareil for regarding all chemic^ 
phenomena ts essentially the results of mutual 
actions and reactions between elements or com¬ 
pounds, and for the conception of chemistry as 
the study, not so much of this kind of homo¬ 
geneous matter, or that, as of the oonneotions 
between the changes of composition and the 
changes of properties which these kinds of mat¬ 
ters exhibit when they mutually act and react 
under defined conditions. The conception cl 
radicles wenf hand in hand with that of types. 
The meaning of a typical Classification of ele¬ 
ments and compounds has been illustrated in 
the present article (0. also Bauiclss and Types). 
The most complete outcome of this method is 
the classification based upon the periodic law; 
and the use of typical forms to express the com- 
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The limiting forms of compounds which the 
periodic law supplies as ah aid in classifying 
elements and compounds are nndoubtedly useful 
if employed with caution. The search for such 
limitin g forms has always been carried on in 
obemistry. Dalton and Berzelius made it the 
main business of their lives, as chemists, to seel: 
for formolfiB which should express the maximum 
numbers of atoms of each element capable of 
oombining together. Berzelius developed his all- 
embracing system of dualism on the conception 
that every compound is built up of two parts, 
themselves either simple or complex, one of 
which is electrically positive towards the other 
tfv. Dualxsh). This conception at once led to 
that of radicles, or groups of atoms which re¬ 
main so closely nnited throughout various 
dliemical changes that the functions performed 
by them in these changes are, to all intents, 
the functions of single atoms. The conception 
of the radicle brought with it into chemistry a 
mode of reasoning which has been of much im- 
portanoe in the advances made within recent 
years. The group of atoms named a radicle was 
not known, as a rule, except as it manifested 
itself in the reactions of compounds supposed to 
be formed by the union of the radicle with other 
radicles or with elements. The arguments for 
or against an espluiation of a phemical occur¬ 
rence wherein ramcles weA) regarded as taking 
part were necessi^ily based on experimented 
evidence which failed to bring into court the 
actual complex of atoms asserted to be an essen¬ 
tial part of the meobanism of the change. Che- 
mieti became accustomed to think of certain 
collocations of atoms as necessary factors in this 
or that operation; but they attributed actual 
existence to these atomic groups onlv when 
mutual aoUon and reaction was occurring between 


positions of oxides, and other compounds, of each 
group of elements, is one of the points wherein 
the periodic law emphasises the continuity of 
chemical science. 

The great objection to the use of those typi¬ 
cal or limiting forms seems to be that they are 
based too exclusively on the notion of showing 
the composition of compounds, and that their 
employment tends to bide the importance of 
combining the study of composition with that of 
properties. The purely empirical compositions 
of the salts EAuCl, and Na0H.3H20 are cer¬ 
tainly represented by the symbols BX, and BX„ 
as iUaetrations of the existence of which forma 
in Group X. the salts in question are brought 
forward; but a comparison of the properties of 
these salts with those of such compounds as 
AUjO, and Na.^0 at once shows that there is a 
great difference between the two classes of com¬ 
pounds. The mere fact that platinum forms a 
compound which, by the dexterous use of symbols, 
may be represented as belonging to the type BX„ 
can be of little assistance in developing a ra¬ 
tional scheme of olassifioation. One of the pla¬ 
tinum compounds of this type is PtClSO,(OH}; 
why should not this fiompound be used to prove 
that sulphur forms compounds of the type BX„ 
or that chlorine forms compounds of the type 
BXf? Why is the compound BeK^F, (t.e. 
BeF 2 . 2 EF) to be adduced as ain example of the 
existence of compounds of the form BX, in 
Group IX., and not as an example of the existence 
of compounds of the form BX, in Group 1., or 
of the form BX in Group VIX. ? If empirical 
composition is everything, it is only necessary to 
write this double fiuoride aa K^BeF,, to prove that 
it belongs to the {B,X,X, that is) BX, form of Group 
1.; or as to prove that it is an example 

of the (BiXpg, that is) BX form in Group Ylf. 
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The history of the classifications which o/f 
different times have been founded (m the notion 
of types oonolnsively proves that nnless attention 
if constantly paid to the functions, as well as to 
the compositions, of the bodies classified, the 
systems do little to further chemical advance, 
and the conception on which they are founded 
is shorn of most of its value as a 8oienoe*pro- 
dnoing idea. It is most certainly true that the 
classillcation presented by the periodic law is 
based on the study at once of the ssompositions 
and the functions of the bodies classified; it is 
this, indeed, which gives the method so marked 
an advantage over all others; but just because 
of this fact should we be ever on our guard 
against placing too much trust in any Single part 
of the method, unless that part is used in con* 
junction with the other parts, all of which 
together constitute the complete method. 

IJie forms assigned to many salts, especially 
to the double and basic salts, almost wholly de¬ 
pend on the valudi given to the different ele* 
mentary atoms. Why do we begin by asserting 

thatX-F.Cl,Br,I,N0„01O„ ?, 

2 3 2 

? How is the equivalency assumed to exist 
between these atoms and groups of atoms actually 
proved to exist? In writing the equations 

F=>01«Br»NO,aPi:=^*^ and in applying 

these to the study of typical formsof salts, we are 
making many far-reaching assumptions. The 
chief assumptions are two. In the first place, 
the molecular theory is carried over from gases 
and applied without modification to liquids and 
solids. In the second place the tentative hypo¬ 
theses which chemists have framed to help them 
to group together what they have learned from 
the study of gaseous compounds regarding the 
equivalency of atoms are applied to solid and 
liquid compoffnds. Both assumptions are made 
witfiout acknowledging the great differences be¬ 
tween the phenomena on which a theory of the 
structure of liquids and solids must rest, and 
the phenomena from which the prevailing theory 
of the structure of gases has been developed. 
The very word molecule is defined only in terms 
of gaseous phenomena. It is the study of 
gaseous phenomena that has obliged chemists 
to recognise two orders of small particles, the 
molecule and the atom; and it is from the study 
of the mutual actions of gases that a working 
hypothesis of the structure of molecules has been 
developed. In the article Atohio and molecu- 
liAB WEIGHTS (vol. i.p.349), an attempt has been 
made to show that we renting chemical unit of 
a compound should at present be regarded as a 
collocation of ^toms, wmoh, unde» definite con¬ 
ditions, takes part in chemical changes as an 
individual exi^noe. Admitting tiae existence 
of such eollooauons of atoms, it follows almost 
necessarilyfrom every-dayohemical facts thatthe 
groups have definite configurations, which remain 
unclmnged tiiroughout oongiderable changes of 
conditions; for bU the facts of ohemical change 
force US to regard most chemical properties as 
dependent on the relative arrangement, as well 
M on the nature and number, of the atoms which 
form the reacting units of compounds. There 

few, if any, properties of bo^es which, like 


weight, are the sums of the properties of tiui 
atoms, and, like the volumes occupied by gaseous 
compounds on the ottier hand, are dependent 
only on the state of combination of the atoms. 
But while we admit that the ohemical proper¬ 
ties of liquid and solid compounds are partly 
conditions by the configuration of the atoms 
which oonstitute their reacting units, we cannot 
admit, on present evidence, that these configu¬ 
rations do not undergo considerable changes 
under the influence of other kinds of matter, 
or of physical agencies. We rather assert that 
what we know of these collocations of atoms 
(and what we know is as nothing compared 
with what we do not know) favours the view 
tliat their structure is easily changed, and that 
ill this respect they present gradations from 
those which are so chemically mobile as scarcely 
to be recognised %s definite chemical individuals, 
to those which are so chemically stable as 
almost to merit the name of molecules. If then 
we refuse to speculate regarding the structure 
of the atomic groups which seem to form the 
reacting units of liquid and solid compounds; 
and if, as a consequence of this, we also refuse 
I to admit the validity of any arrangement of the 
I atoms of solid and Uquid compounds in order of 
' strict equivalency—for equivalency means equal 
I value in exchange, and the ohemical equiva¬ 
lency of atoms can only be known when we 
know the functions performed by the various 
atoms in molecules of similar structure—can 
^ we hope to learn anything definite regarding 
the equivalencies of the atoms which constitute 
the molecules of gaseous compounds? 

The subject of the equivalency of atoms goes 
hand in hand with that of the structure of 
molecules. The subject is too large to be dis¬ 
cussed in an article on classification; but it is 
necessary to sketch the outlines of it as sharply as 
possible. All gaseous molecules formed by the 
union of atoms of hydrogen, fluorine, chl^m, 
bromine, and iodine are formed of two atoms; 
the molecules in question are these: Gl„ 

Btj, I^, HF, HCl, HBr, HI (at very high tem¬ 
peratures the molecule of iodine is mon- 
atomio). 

Those atoms which combine each with a 
single other atom to form a gaseous molecule 
are called monovalefft atoms; the standard 
monovalent atoms are H, F, Cl, Br, and 1. If the 
gaseous molecules formed by the union of atoms 
of H, F, Cl, Br, or I, with ot^er atoms are tabu¬ 
lated, and the other atoms are then ananged in 
classes according as they are each found to 
combine with one, two, Ac. atoms of H, F, Cl, 
Br, or I, the following arrangement results («. 
next page). The atoms in column I. are mono* 
vatent; the atoms in column II. are called diva¬ 
lent, those in column III. trivalent, and so on. 
Atoms whose valencies are greater than one may 
be classed together as polyvalent. Of the 39 
elements (exclusive of the 5 standard mono¬ 
valent atoms) in these six columns, at least five 
occur each in two columns, viz. In, P, tin, 
W (Inprobably occurs in three columns); the 
atoms of Ga, Cr, and Fe are probably also botli 
divalent and trivalent. 

The valency or equivalency (or quantivalenoe) 
of an elementary atom may m defined m the 
number wMck es^euet the modnnitfm number 



914 OLASSXFtOATlON, OHEMIOAL. 

Xonovalent fttom»>S, S', Cl, Br, I. 

Atoms vhioh prodaoe compound gaseous moIeou\^8 b; union each irfth 
L U. Ill, IV, V. VI. 

otu monovalent two monovalent three monovalent four monovalent five monovalent six monovalen% 
atom atoms atoms atoms atoms atoms 

K,Bb.C8,Hg, 0. S. So, Te, B, N? P, As, 0, Si, Ti, Ge, P, Nb.Ta. Mo, W. 

Ag,Tl,<?In). Be, Cd, Zu, Sb,Bi,In,Cr, Zr, V, 8n, W. 

Hg, Sn, Pb, Fe, Al, Ga. Th, U. 

Mn.ln,(?Ga, 

Cr, Fe). 

monovalent atoms (i.e. atoms of H, F, 01, Br, or I) equivalency is evidently stretched a little beyond 
ioith which the gwen atom is found to combine to its strict meaning when we say ior instance 
form a gaseous molecule. When bismuth com- that, because of the existence of the molecules 
bines with chlorine to form bismuthous chloride, OH, and TiCl^, an atom of is equivalent to two 
one atom of the metal combines with three atoms of 0. But notwithstanding this, the 
atoms of the halogen, and the molecule BiOl, is deftnition of the valency of an atom which has 
produced. When hydrogen' combines with been given may he applied to considerations 
diloriue to form hydrochloric acid, one atom of regarding the structure of molecules. So far as 
hydrogen oombines with one atom of the halo- data go, we seem justified in widening tile de- 
gen and the molecule HOI is produced. As a finition of the valency of ancatom, and in assert- 
single atom of Bi combines mth three times as ing that this number expresses the maximum 
many atoms of chlorine as an atom of hydrogen number of other atoms, be they monovalent or 
oombines with, an atom of bismuth is said polyvalent, with which the given atom oombines 
to be equivalent to three atoms of hydrogen, to form a gaseous molecule. Underlying the 
In the molecule formed by the union of atoms word combines is the oonception of direct inter- 
of H and 01, viz. HOI, there must be direct mu- action in the molecule. It is not necessary to 
tual action and reaction between the two atoms; venture on any hypothesis as to tbe states of 
in the molecule formed by the union of atoms motion of the atoms which form the molecule, or 
of Bi and 01, viz. Bid,, there may or may not as to the nature of the mutual actions which 
be direct mutual action between the Bi atom occur between them; it is only necessary to 
and each of the 01 atoms. But the atom of distinguish direct from indirect action, 
chlorine is monovalent {i.e. combines with a Theprevailingnotionsregardingthe structure 
single other atom to form a molecule), by defi- of molecules are based on that of the valencies 
nitioD, and by reason of the facts on which the of atoms; and this carries with it the conception 
definition is based; the hypothesis most in of each atom being able to act on, and be acted 
keeping with the monovaienoy of the chlorine on by, a limited number of other atoms. These 
atom is that each atom of chlorine in the mole- conceptions are indicated more or less clearly 
otile BiCl, direotly acts on, and is acted on by, in the ordinary notation. Thus the so-called 
the atom of bismuth. Similarly, because of the H,=C—Cr:H, 

existence of the molecule SbCl„ the atom of Sb is structural formula (1) { and 

said to be equivalent to three atoms of hydrogen; OH '' 

and, further, one atom of Sb is said to be equi- (2) H,=G—0—imply, that each carbon 
valent to one atom of Bi. The conception of atom in either molecule acts directly on, and is 
^oivalency is here evidently that of equal value directly acted upon by, 4 other atoms (the 0 atom 
in exchange. One atom of Bi can be exchanged is tetravalent), that each oxygen atom acta 
for one atom of Sb; one atom of 0 can be ex- directly on, and is direotly acted on by, 2 other 
changed for one atom of Se; one atom of 0 can atoms (the 0 atom is divalent), and that each 
be exchuiged for one afism of Si; one atom of hydrogen atom acts directly on, and is directly 
Mo can be exchanged for one atom of W; and acted on by, a single other atom (the H atom is 
in each case the other parts of the molecules monovalent). But the distribution of the inter- 
between which t^e exchange is effected remain atomic reactions is represented as being different 
unchanged. (The molecules in question are: in each molecule. Id the first, 5 atoms of K 
BiOl, and SbCI,; OH, andSeH,; GGl 4 andSiCl 4 ; are represented as in direct union with («.«. as 
MoGl, and WCl,.) The molecules concerned in directly interacting with) atoms of carbon; the 
the variocm transactions may be said, without sixth atom of H is represented as in in^rect 
patting too great a strain on the words, to have union (through on Utom of 0 ) with a carbon 
similar structures. But the notion of equivafenoy atom; the^tom of 0 is represented as in direct 
is carried further; an atom of K cannot be ex- union with one carbon and one hydrogen atom, 
changed for an atom of bu^ the molecules In ^e second molecule, aU the H atoms are re- 
NH, and InOl, exist; assuming that 8 atoms presented as in direct union inth C atoms, and 
of ^ are strictly equivalent to 8 atoms of H, there is also direct action and reaction between 
it follows that an atom of N is equivalent to an the atom of 0 and each G atom. These for- 
atom of In. An atom of S cannot be exchanged mulm are arrived at after a careful study of the 
for an atom of 0 in the molecule OCl,; but the reactions of the Compounds; they summarise 
molecule BH, exists, tiierefore, on the assump- these properties in the language of a special 
tion that H, is strictly equivalent to €1,; itfol- outcome of the molecular and atomic theory, 
lows that S is equivalentto 0. This conclusion It would be out of place to pursue the subject of 
is upheld by the direct exchange of 8 for O in structural formula here (v. FobmulsI ; these 
the nudecoies and OH,. The oaioeption of formula are supposed to rest on the funoamentai 
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eonoeptioQ o! the valenoy of the atom of each 
element. This oonoeption at onoe limits the 
number of atoms with which any ^ecifled atom 
can be directly combined in gaseous moleoules; 
and it enables us to bring together under car* 
tain fairly definite expressions (which are, how¬ 
ever, very easily misundeistooa) regarding the 
composition of compounds, as composition is 
viewed by the molecular theory, many facts re¬ 
garding the functions of compounds gained by the 
carefulstudyof the behaviour of th^eoompounda 
under difierent conditions {v. Eooivalenoy). 

We have already somewhat fully discussed 
the meaning to be given to the term acid; we 
have learnt that thjse compounds whiob contain 
replaceable hydrogen also contain negative ele¬ 
ments. Many gaseous acids are known; the 
application to these of the oonoeption of struc¬ 
ture which springs from that of the equivalency 
of atoms leads to the view that in the molecule 
of an acid there is always direct mutual action 
between those atoms of hydrogen whose function 
is shortly expressed by the qualifying term re¬ 
placeable, and one or more negative atoms or 
groups of atoms. Thus, in the molecules HCl, 
HBr, HI, HF, H(GN), there must be mutual 
action and reaction between the positive H atom 
and the negative Cl, Br, I, or F atom, or the 
negative group of atoms (CN). Again, the reac¬ 
tions of the molecule oblige us to admit 

that direct mutual action occurs between the 
atom of replaceable hydrogen and an atom of 
the negative element oxygen, and that the three 
atoms of hydrogen which do not act as acidic 
hydrogen are in direct union with carbon atoms 

only: (H^C-0<p. 

A system of classification of compounds may 
be developed on the lines of the structure of the 
molecules of these compounds. If this classifi¬ 
cation is to be of much permanent value it must 
be limited td compounds to which the funda- 
mefltal conceptions of the system can be ap¬ 
plied. We have tried to show that this is 
equivalent to saying that the system must at 
present be limited to gaseous compounds. But 
the vast majority of chemical compounds, other 
than those of carbon, have not been gasified, 
and most of them appear to be incapable of 
existing in the gaseous state. Hence a system 
founded on the conception of molecular struc¬ 
ture cannot be strictly applied at present to the 
bodies which oome within the province of in¬ 
organic chemistry. Some of the subsidiary con¬ 
ceptions gained as the applications of the sys¬ 
tem to carbon compounds aire developed may, 
however, be used as aids in classifying non- 
gasifiable bodies, provide*^ always care be taken 
not to overstep the limits impose^by the condi¬ 
tions of the inquiry. Thus, arguing from the 
similarities of nroperties exhibited by aoids as a 
class, and from what the hypothesis of molecular 
structure helps ns to understand of the connec¬ 
tions between the functions of particular atoms 
and the arrangement of |U the atoms in the 
moleoules of gaseousaoids, we mayoonoludethat, 
in the collocations of atoms which (by hypothesis) 
form the reacting units of non-gasifiable acids, 
there is more direct mutual action between the 
atoms of replaceable hydrogen and some nega- 
tiveatoms or groups of atoms, than between those 


atoms of replaceable hydrogen and the more 
positive atoms of the reacting atomic complexes 
Again, when we have learned from the study of 
the gaseous compounds of phosphorus that an 
atom of this element appears to be capable of 
direotl;jr acting on, and being acted on by, not 
more tnan five other atoms in a moleome, we 
may conclude that in the collocations of atoms 
which (By hypothesis) form the reacting units of 
the non-gasifiable compounds of phosphorus, 
each atom of this element is probably in direct 
union with not more than five other atoms. 
This tentative conclusion may then be applied to 
the development of limiting forms for phosphorus 
compounds; the compositions of these com¬ 
pounds may be represented so that they shall 
all oome under the limiting form BX,. But it is 
easy to forget the limits within which such 
a method as this is of any real help. It is easy 
to forget that the notion of the equiv^enoy of 
atoms, on which such a conclusion as that just 
reachedregardingthelimitingformsofphospWus 
compounds is leal^ based, is a notion which, some- 
whatvague in itself, becomesvaguer the moment an 
attempt is made to apply it to discussions about 
solid and liquid bodies, for which only the outlines 
of a moleoiBar theory have yet been drawn. 

A system of classification, even of gaseous 
compounds, cannot be reared on the conception 
of atomic valency pure and simple. If one 
atom can directly interact with, say, four other 
atoms, the existence of a vast number of mole¬ 
cules built up by the union of this atom with 
those of two or three other elements becomes 
possible. Why do not all these moleoules exist ? 
Because, replies the hypothesis of molecular 
structure, the properties, and hence the possible 
existence, of a molecule, depend not only on 
the nature, number, and actual valencies, of 
the constituent atoms, but also on the manner 
in which the mutual interatomic reactions are 
distributed in the molecule. Besides the valen¬ 
cies of the atoms, it is necessary to consider the 
distributions of the interactions of these atoms. 
But how can we frame a working hypothesis re¬ 
garding the distributions of the interatomic 
reactions which shall help us to understand the 
structure of the collocations of atoms with which 
it seems we Imve to deal in liquid and solid 
compounds 7 These Interstomio actions may be 
distributed now in this way, now in that; the 
effect of this or that reagent may be to cause 
changes in the distribution^ of these reactions. 
We have as yet no solid basis of facts, or even 
of intelligible hypothesis on which to build. 
Compounds of abont fifty-six elements (exclud¬ 
ing carbon) have been gasified; as a rule, not 
more than six or eight compounds of each ele- 
nftnt are known in the gaseous state; about sixt;^ 
of these compounds are available as data on 
which to bBs#argiment8 regarding the valencies 
of perhaps forty-nve elementary atoms. Sup¬ 
posing, then, that a system of classification of 
compounds is to be based strictly on the valencies 
of the atoms in the moleoules of these com¬ 
pounds, the system must be restricted to 200 or 
800 compounds, formed by the combinations of 
about fifty-six elements. 

As regards the connections between atomic 
valencies and atomic weights, it appears that 
the valencies of the elementary atems is oertais 
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ieries of elements vary from a minimum yalue ment of the various sohemes of ohemioal elassi- 
for the first member of the series to a maximum fioation vrhioh have from time to time prevailed 
for the middle member, and back again to the in the scienod:— 

minimum value for the last member of the series. Lavoxsxbb (Oompound radicles), TraiU 
Thus take series 2—Li, Be, B, 0, N, 0, F—the mentaire d« Chimie (edit. 1789), 1,197, 209, 
following are the valencies of the atoms of the Duuas and Boull&v (Oompound ethers), A, 
members of this series so far as these valencies Ch, 27,15 (1828). 

have been established on reasonably satisfactoiy Wouleb and Lxebzo (Benzoyl compounds), 
data (the valency is in each case represented by A. 3, 249 (1832). 

a Boman numeral placed above the symbol of BsRZBLXU 8 (RadicleolthebenzoiccompoundB), 
the element):— A. 3, 282. 

Groups. Bbrzbltu^ (Eadicles of ^cohol and its deri- 

I, n. III. IV. V. VI. VII. vatives), J. 1833.189; P. 28, 617. 

Series 2—Li* Be** B^ C**' N*** 0“ F* Liebig (Ethyl), iforniujdrierb. CAemie (!*• 

Auflagc), article ‘ ^thcr ’; A. 9, 1. 

It is possible that the valencies of the elemen* Libbio (Acetyl, constitution of acetic acid, 

taryatomsvaryperiodicallywithvariationsinthe Ac.), A. 14,133. 

atomic weights of the elements. Should it bo Dumas (Substitution), A. Ch. 66,143 (1835); 
established that this is so, we shall have another TraU6 do Chimie appliquie a-i^ Arts, 5, 99. 
iUustration of the wide application and useful- Laubent (Nucleus theory), A. Ch. 61, 125 
ness of the periodic law. But the classification (1836). ^ 

vriiioh is founded on the periodic law rests on this Gebhabdt (Ck>njugated compounds), ibid. 72, 
generalisation as a whole, and^ot on any single 184 (1838). 

property of either elements or compounds. The Dumas (Substitution), C. B. 10,149. 
periodic law insists on theparamount importance Geruabdt (Atomic weights of oxygen, carbon, 
of the comparative study of all the properties of Ac.), A. Ch. [3] 7,129 ; 8,238; Pricis de Chimie 
elements and compounds; element must be com- ' oujanique (1814), 1, 47). 
pared with element, oompound with compound. I Gebhabdt (Homology), Pr^is, 2,489. 

^us, and thus alone, can we hope to gain a final Laubent (Law of even numbers of atoms; ‘ 

Bvstem of chemical classification. Thus, and \ nature of the elements in the free state ; monads 

tnuB alone, can we expect to trace the fundamcn- and dyads), A. Ch. [3] 18, 266 (1846); Chemical 

tal relations which undoubtedly exist between JitetJiod, 46-96, et passim. 

the properties and the composition, and between : Wubtz (Compound ammonias), 0. R. 28,233, 

the changes of properties and changes of com- ! 323 (1849) *, 29, 169; C. J. 3, 90. 

position, of homogeneous kinds of matter. On Hofmann (Compound ammonias), T. 1850.93; 

the basis of the periodic law a scheme of classi- C. J. 3, 279. 

fioation of tiie chemical elements and compounds Williamson (Mixed ethers, etherification), 

may be raised, which exhibits ( 1 ) the composi- C. J. 4,106, 229 (1861). 
tion of the compounds in so far as this can be Williamson (Constitution of salts), C. J, 9, 
shown in the present state of chemical know- 350 (1851). 

ledge; (2) the functions of the compounds, that Gebhabdt and Chancel (Constitution of or¬ 
is to say the reactions in which they take part; ganic compounds), Compt. chim. (1851) 7, 65. 
End(S)theoonneciionsbetweenthecompositions Gebhabdt (Basicity of acids), Compf. ehim. 
and the functions of the compounds; andinthus (1851) 7,129. 

olas&ifying the compounds of the different cle- Gebhabdt (Anhydrous organic acids; olassi 
ments the method at the same time classifies the fication by types), C. R. 84, 755, 902 (1652); 
elements themselves. M. M. P. M. C. J, 5,127, 226; more fully A. Ch. [3] 37,285; 

Is connection with the subject-matter of this Dumas’s Report, C. R. 36, 505. 

•ftiole the following articles should be read :— Bebthelot (Synthesis of fats; nature of gly- 

Atokxo and moleculab ® wbiohts ; Chemical ccrine), A. Oh. 61,216 (1853-64). 

CHAKai; Eqczlibbium, oebmical; Equivalbkcv; Odlino (Constitution of salts; polyatomic 
FoBicuui; Moleculab stbuctubb of hatter, radicles), 0. J. 7,1 (1854). 

THxoBDts bbsabdxno; Febiodio mw; PnvsicAL Wubtz (Theory of glycerine-compounds; 
MSTBODS OF XKQUiB'TusED IN CHEMI 8 TBT. Further polyatomic radicles), A. Ch. [3] 43, 493 (1855), 
details of the properties of the various families of Wubtz (Mixed radicles), ibid. 44, 27A 

elements and their chief compounds are given in Gebhabdt and Ohiozza (Amides), ibid. 46, 

the following articles ;^Alsalimb earths, metals 129^1855-56). « 

or THE (Ca Sr Ba); AziKalzs, mbtals of the (Li H. L. Buff (Polyatomic raaicles), Pr. 8,188 
Na K Bb Os, NH 4 —TI); Boron ; Carbon oBour^F (1856). ^ 

BLE 11 XNT 8 (0 Si—Ti Zr Sn Ce Pb Th); Chbomium Wubtz (Dihydrio alcohols), A.^OO, 110; more 
aam ((hr Mo W U) ; Cofpeb oboue. (Cu Ag, Au); fully, A. Ch. [3] 55,400 (1856-59). 

J9||u, KETAU OF THE (A1 Cfe In, So I La Yb^ EbbuiA (Mixed types, radices, ifto.), A. 101, 
WjfHALOOENS, THE (F 01 Br I, ON—Mn); Hr. 129 (1857). 

DBOOiir; Ibon obouf (Fe Ni Co—Mn); Lead ; Kxxulb (Ditto; tetravalent character of car- 
obouf (Be, Mg Zn Cd, Hg); Nitbooen bon atom), tbid. 106.129 (1858). 

OBOonlN P As VlwSbDiBrBi); Noble METALS Coufeb (Valency of carbon and oxygen), 
(An, Bh Bu Pd. 0#Tr Pt); Oxtobn obouf (0 S A. Ch. [ 8 ] 58, 504 (1858); A. 110, 46 (here fol- 
Be Te—Or MoW 0); Tn? obouf (Sn Ge Pb); lowed by critique by Bnttlerow, 1869). 

XiTANZUM OKOT (Ti Zr Ce Th). Eoiae (Constitution of lactio acid), A. 

The nUbMiug memoirs ana books may be con- 109, 257 {I860); same subject, ibid. 118, 228 
suited bjrthosef^who wish to trace the develop- {I860). 
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Fobtsb (Nature of radicles and t 7 pes)» B, A. 
1859,1. 

WuBTz (Basicity of acids), A. €h, [ 8 ] 61,842 
(1869). 

Ojiboubb (Oombiningcapacity of the elements; 
limits of combination), A. Oh. [3] 58, 6 (1860). 

Fbankl^d (same snbjeot), 0. 18, 177 

(1860). 

Wdbtz (Constitution of lactic acid), A . Ok, 
[ 8 ] 69,181 (1860). 

OanouBB (same subject), A, OK [ 8 ] 62,257 
(1861). • 

Buttlbbow (Vtlencies of the elements), Z. 4, 
549 (1861). 

Erlsnmxtsr (same subject), 5,18 (1862). 
Eolbe (Classidcation of organic l^die^, A. 
118, 293 (1860); Critical Bemarks by wurtz, 
Ohim. Pure, 2,864. 

Lobsen (Critical discussion of valency), A. 
204, 265 (1883). 

CiEEUiNN (Physical isomerism), Z. K. 1,97. 
Msndslejefv periodic law], 0. N. 40 and 41. 
Papers on the applications of the periodic law 
are numerous; v. especially Oarnelley, P, M. [ 6 ] 
8,816; 16,1; 20, 259, <feo. 

Laukemt, Mithode de Ohimie, 1854; Caven* 
dish Booiety's translation, 1855. 

Qebhabdt, TraiU de Chimie organique,i vols. 
1853>66; especially 1,12U142; 4, 561-808. 

Eeeul^, Lehrbuch der orgartischen Ohemie, 
vol. 1 (1859-61). 

Odxjno, Manual of Chemistry, pt. 1 (1861). 
BLousTa&ND, Die vhmie des Jetztzeit (1869). 
L. Meybb, Die modemen Theorien der Chcmie 
[4th ed. 1883; English ed. 1688]. 

OsTWALD, Lekrbwh der allgenteinen CJiemie. 
(1886-87). 

PmisoN Mxjib, Treatise on the Principles of 
Chemistry (1884 ; 2nd edit. 1880). 

Thomsen, Thermochemische Untersuchungen 

L vols. 1882-86], Condensed »:oount 8 of the 
rings of tbermoohemioal investigation on che* 
mioal olassifioation will be found in lahn’s Die 
OruT^sdtee der Thermochemie (1882), and in 
Pattison Muir’s Elements of Thermal Chemistry 
(1886). 

Cloves, oil op. Contains eugenol 
C„H„0„ and a terpene 0 ,jH ,4 (254® cor.); V.D. 
7-7 (EttUng, A. 9, 68 ; Briining, A, 104, 206; 
Williams, A. 107, 242; Church, 0, J. 28,113). 
The terpene is converted by Br into 
(260®-260^(Beck6tt a, Wright, 0. J. 29,1). 

CKICIH (?). Occurs in the leaves 

of Centaurea berj^icta or Onieus benedictus and 
bitter plants of the order Cornposita sub-order 
Cymroc^halce (Morin, J, Chm. Mid. 3,105; 
Scribe, 0. B, 15, 803). Silky needles, with 
bitter taste ; v? sot alcohol, v. si. sol. ether ; si. 
soL hot water. Dextro-rotatory, [a] * 181® 
(BouchardatJI Its solution is rendered turbid 
by long boiling. H 3 SO 4 forms a blood-rad solu¬ 
tion.^ Oono. SOlAq becomes green, anddeposita 
a resin on warming. 

COAL The oily product of the distil¬ 
lation of coal contains benzene, toluene, o-, m-, 
and p.,xylene, naphthalene, anthracene, phenol, * 
0 ; m-, and p., oresol, and ammonia. The minor 
constituents are water, hydrogen, niteogen, car¬ 
fare odde, COS, cyanogen, 0S» H, 8 , HCN, 
w,, methane, ethylme, acetylene, propylene, 
allyleae^ butylene, orotonylene, amylene, hexyl- { 


Sir 

I ene, hexinena, ennane, deoane, styrene, xnesi- 
I ^iene, ^-cumene, terpenes, naphthalene dihy- 
; vide, xnetiiyl-naphthBlene, di-methyl-naphthal¬ 
ene, diphenyl, aoenaphthene, fluoiene, pnenan- 
, threne, fluorantiiene, 4‘Phenanthrene, methyl- 
anthracene, pvrene, chrysene, pioene, soetie 
amd, aaetonitrile, thiophene, methyl-thiophene, 
di-methyl-thiophene, phenyl thiooarbimide, 
pyrooreoBols, oarbazole, phenyl-naphihyl-carb- 
i azole (phenvlene-naphthylene-imide), zylenol, 
benzoic acid, (a)- and (6)-napbthol, pyridine, 
pyrrole, methyl-pyridine, di-methyl-pyridine, 

I tri-me^yl-pyridlne, aniline, quinoliim, methyl- 
I quinoline, parvoline, ooridine, rubidine, viridioe, 

; lepidine, oi^tidine, and acridiup (e/. Schultz, 

I Die Ohemie des Steinkohlentheers). Many of 
! the hydrocarbons present in coal tar are probably 
formed from phenols by splitting off water, and 
reduction (S<^ulze, A. 227, 152). Others are 
formed by the action of heat on simpler hydro¬ 
carbons. Thus marsh gas is converted by 
passage through a red-hot tube into benzene, 
propylene, and naphthalene; ethane gives 
and hydrogen; dtbylene gives ethane and acetyl¬ 
ene ; acetylene gives hydrogen, ethane, ethylene, 
benzene, styrene, and naphthalene; benzene 
gives diphenyl and hydrogen; while a mixture 
of benzene and ethylene gives anthracene (Ber- 
thelot, A, 142,254; Sohdtz, A. 174, 203; 203, 
118). Most of the bases are probably formed 
either by the action of ammonia on the phenols, 
or by the condensation of bases so formed with 
themselves, with other bases, with phenols, or 
with unsaturated hydrocarbons. 

COBALT Co. At. w. 58*8. Mol. w. unknown 
as element has not been gasified, [c. 1500®] 
(Pictet, 0. B. 88 , 1817). S.G, 8-5-8-7 (v. Play- 
fair a. Joule, C. 8. Mem. 8 , 57). S.0. 8*96 
(Bammelsberg, P. 78, 93). 8 .H. ‘107 (RegnauU, 
A. Oh. [3] 68 , 5). V,Vo (1 -I- 3 X *000012360, 
4=40® (Fizeau, 0. B. 68 , 1125). B.O. at 0® 
(Hg at 0®=1) 9*685 (Matthiesen a. Vogt, P. M. 
[4] 26, 242). T.O. (Ag-100) 17*2 (Barrett, /. 
1878.181). S.V. 8 . 0 . 6*84. H.O. rOo»,0»,3EPO] 
-149,880 {TKZ, 306). 

Occtvrrence.-^Tho metal is found in small 
quantities (1 p.c.) in some meteorites. Chiefly 
as smaltine, GoAsj in which Co is more or less 
replaced by Ni and Fe; and cobalt-glance, CoAsS 
with Co partially :p 3 placed by Fe and Ni, Co 
compounds also occur as oxide, sulp^te, 
arsenate, (bo., chiefly with compounds of Ni, Fe, 
and Mn. Compounds of Co were used for pro¬ 
ducing blue glasses in ancient times. ' Smalt ’ 
was prepared in Sazonj in the 16th century. 
Cobalt was first recognised as an element by 
Brandt in 1735. The name is said to be derived 
from' Eobold * (- sprite or goblin) a term applied 
by miners in the middle ages to mineralB whhfli 
were employed in the arts, but from which im 
useful metu could be extracted. 

Formatwn .—The ore is roasted to 
move arsenio and sulphur; the residutfW ira- 
solved in HOlAq with a little HNO.; Fe ppd. 
by CbO,H,; Ou, Bi, Ac. are ppd. ^ E^S; ad¬ 
dition of bleaching powder pps. ; 

this is heated, and the 06^ femed is i^uoed 
by beating with oharocMl 

Preparation,-^!, The ohtef Hlpurittes'tobe 
removed are As and other sm$|1| ppd. if 
^S, Fe, andNi Tha roasted orb from 
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gangue may be fused with nitre, treated with 
water to diasolve K arsenate, the residue dis* 
BoWed in aqw regia, evaporated, diluted, satu¬ 
rated with HsS, and filtered; the filtrate may 
then be mixed with so mnob of a ferrio salt that 
a brown pp. (ferrio arsenite and Fe^O.Hs) forms 
on partiiu neutralisation, EjiOO^q isthet: added 
BO long as the pp. is brown, and until a few drops 
of the filtrate give a reddish pp. (showing ppn. 
of Ni) with aluU; almost every trace of As is 
thus removed; the filtrate may be acidulated 
with HCl and reppd. by To the filtrate 
(which should be only slightly acid) solution of 
bleaching powder or KaClO is added, so long as 
the pp. is black (Co,OJ, a reddish-brown colour 
indicates ppn. of Ni oxides; the pp. is washed, 
and dissolved in nitric acid, the liquid is con- 
oentrated and neutralised by EOH, mixed with 
KNO^q, strongly acidified by acetic acid, and 
allowed to stand for a few days; the pp. ot 
K-Co nitrite is washed, dried, and strongly 


heated; K is removed by washing with water; 
the residual Co oxide is mssolved in oxalic acid, 
and the Co oxalate is reduced 'oy strongly heat¬ 
ing in a closed crucible (Hermbstadt, J, pr. 31, 
106; Patera, X pr. 67,14).—2. The oxide, pre¬ 
pared as descried in 1 , is reduced in a stream 
of H at temp, above 320° (Muller, P. 136, 61).— 
8 . The oxide is dissolved in HClAq and the solu¬ 
tion is evaporated to crystallisation, the crystals 
of 0oCl,.6H,0 are dried and heated in a scream 
of 01; and the GoCl, thus obtained is reduced 
by heating in H (Peligot, C. R. 19, 670J.~4. A 
solution of the oxide is saturated with NH, 
oxi^te, and the liquid is warmed, a little solid 
NHf oxalate is dissolved in the hot liquid which 
is then electrolysed, using a Ft basin as negative, 
and a piece of Pt foil as positive, electrode 
(Classen a. Von Beis, B. 14,1622). 

Properfies.—Steel-grey, lustrous, crystalline 
|>lates; nearly white when polished; hard; 
■omewhat malleable; very ductile at red heat 
and upwards; slightly magnetic, even at full 
red heat (Pouillet). The compact metal does 
not oxidise in air at ordinary temperatures, but 
when heated it forms Cc^O^; the finely divided 
metal obtained by reducing the oxide or chloride 
in H at moderate temperatures is pyrophoric. 
Cknnbines directly with Cl. Oxidised superfi- 
oiiJlyl^HyO^q. I)eoomp(^es steam at red heat, 
and NH| to N and H. Dissolves in mineral 
adds toning cobaltous salts. Cobalt wire 
heated till superficially oxidised, and at once 
plunged into fuming nitric acid, does not dis¬ 
solve; it shows 'passivity’ (Nicklte, C. B. 88 , 
2S4) due eitiier to the formation of a protecting 
laytf of N oxides, or to a layer of cobalt oxide 
Uf.paeHvi^ of iron, under IbokI. Co in thin 
leaves is said to absorb H muen as Pd docs 
(Bdttoher, /. 1874.296). 

Cobalt is distinctly metallic in its chemical 
behaviour; CoO forms a serios of*weU-marked 


normal salts, many basic salts are also known; 
CoX>> dissolves in acids probably forming salts, 
but these are very soon decomposed to cobaltous 
salts; doulde cowrie salts azs, however, stable, 
«.i7.C^O|)«JEKO^tr.al8oOoBAiAXMi27B8). When 
Co) is added to inotsn EOH, the compound 
(CotO^SfO is said to bs produced, in which Co 


s part of tilie acid radicle (o. OohwtATJu). 
•tuphidss of Go show no acidic character. 


The atomic weight of Co has been deter¬ 
mined ( 1 ) from analyses of the sulphate and 
chloride (Mar^nac, At, Se. 1,373); (2) by reduc¬ 
tion of CoO in H (Bussell, C. X. [2] 1, 51); 

(3) by reduction of NH^-Go cyanide and phenyl- 
ammonium cobalt cyanide (Weselsky, B.2,692); 

(4) by reduction (by heat) of strychnine- and 
bruoine-eobalt cyanide (Lee, O. N. 24, 234); ( 6 ) 
by reducing CoO in H (Zimmenuann, A. 232, 
824). Determinations of the S.H. have shown 
that 58'8 and not a multiple of this number is 
to be adopted.'' This result has been confirmed 
by the isomorphism of several Co salts with the 
corresponding salts of Ni and Fe. 

Cobalt is very closely related in its chemical 
properties to Ni, it is classed ^th this metal and 
Fe, and it also shows analogies with Mn; v. Ibon 

QROnP OF ELEMENTS. 

Reactions&nd Combinations.—l.Vfithsteam 
at red heat forms CoO and H.—2. Strongly 
heated in air burns to COgO,.—3. Decomposes 
ammonia at red heat to N and H.—4. Dissolves 
in mineral acids with formation of salts; with 
HjS 04 evolves SOj, and with HNOj gives N 
oxides. Thomsen {Th. 3, 806) gives these 
thermal data; [Co.H^SO’Aq]^ 19,710 giving 
CoSO, + H,: [Co,H*Cl-Aq] = 16,190.—6. Combines 
with chlorine, bromine, and iodine, by heating 
in contact with these elements, forming CoCl^, 
CoBr,, and Colj, respectively. [Co.CP]* 76,480; 
[Co,Cl»,Aq] = 94,820; fCo.Br^Aq] - 72,940; 
[Co,D,Aq}=s42,620 {Th.3, 306).—6.Heated with 
sulphur forms CoS and 00 , 8 ,.—7. Combines 
with selenion to form GoSe, by heating the two 
elements together (v. Cobalt, selsnide of).— 
8. Combines with arsenic {v. Cobalt, absbnideb 
of). —9 Absorbs (? combines with) small quan¬ 
tities oi carbon when strongly heated with it, 
forming a hard grey mass resembling steel.— 
10. Forms alloys with several metals, especially 
Sb, Bi, Au, Fe, Pb, Pt, Ag, Sn, and Zn; little is 
known of these bodies. n 

Detection and estimation. —Co compounds 
give a clear blue colour with a bead of b^az or 
microcosmic salt in both blowpipe flames. Black 
CoS is ppd. by alkaline sulphides, but not by 
H^S in acid solutions, ^m^nomapps. blue basic 
salts, soluble in excess to a reddish liquid which 
absorbs 0 from the air and becomes brownish; 
KOHAq pps. part of the Co as hydrated oxide 
from tins solution. Traces of Co are detected 
by adding excess of NH;,Aq, and then E,FeGy,Aq, 
when a dark yellowish red colour is produced 
^key, C. N. 16, 111); or by adding excess of 
kCNAq followed by NH, sulpUde, when a blood- 
red colour is formed which slowly disappears 
(Tattersall, C. N. 39, 66 ; Papasogli, B. 12,2971. 
Go may be estimated by ppn. as oxalate, whion 
is then decomposed by heat to metal. The Co 
may be separated from Ni by e^porating an 
acid solution to a small bulk, adding sUghi 
excess of EOHAq, acidifying with acetic acid, 
adding excess of a cone, solution of ENO, 
strongly acidified by acetic acid, allowing to 
stand for 24 hours in a warm place, and wasMng 
the ppd. Oo,(NOs)a. 6 KNOs with solution of 1 
part E acetate in 9 parts H,0. The pp. is dis¬ 
solved in HClAq; liquid is evaporated nntii very 
cone, and all free amd is removed, ^OtO«Aq is 
added drop by drop nntil the pp. whion forms is 
dissolved, a little water is a^ed« the Uqaid if 
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Keated to boiling, and rather more than an 
•qu^ volume ol 80 p.o. aoetio aoid ia added very 
tUnoly ; after etandiog 6 hours at^bout the 
ppd. Oo oxfidate is :^tered off, washed with a 
mixture of equal volumes of oono. aoetio acid, 
alcohol, and water, and dried; it is heated in a 
closed crucible, then strongly in the air (to 
oxidise 0 ), and the oxide is reduced by strongly 
heating in H. After weighing, the Oo should 
be washed in hot water and again heated 
in H (Classen, Fr. 18, 189). Classen recom¬ 
mends the eleotjolvtio estimaflon of Co by 
depositing the metal from a solution in excess 
of warm KjCjO^Aq (v. Classen’s Quantitative 
Analyte dutch EUctrolyntt Berlin, 1886. A 
description of thd apparatus will be found in 
Dittmar’s Exercitet in Quantitative Chemical 
Analysis, Glasgow, 1887). Wolff {Fr. 18, 38) 
proposes to determine minute quantities of Co 
by a spectroscopic method based on the absorp- 
tioi-speotrum of very dilute solutions of Co to 
which excess of«NH^q and a little NH^SCy 
have been added. 

Technical applications. —By adding a fraction 
of a per cent, of Mg to Oo an easily worked 
metal is obtained, which is very compact and 
lustrous, and resists the action of the air (Fleit- ; 
mann, B. 12, 454; Biedermann's Chem.-techn. \ 
Jahrber. 1884-6. 25). Many metals may be j 
covered with a thin deposit of Co by electrolysing 1 
a fairly oono. solution of C 0 OI 2 .NH 4 CI (Bdttcher, 
W. J. 1876. 219; Gaiffe, 0. B. 87,100) {v. Co¬ 
balt COLOUBINO JfATTEIlS, p. 229.) 

References. —Besides those in the text the 
following are of importance: (1) Begarding the 
metallurgy and preparation of Co; ManhSs (B. 
17, 622), WShler (P. 6 , 227), Liebig (P. 18,164), 
Langier (4. Ch. 9, 267), Stromeyer (d. 96, 218). 
(2) Begarding the properties of Co •, Dovillo (D. 
P. J. 140, 428), Barrett (J. 1873.131). (3) Ee- 
garding teohnical applications of Co; Wiggin 
(W. J. 188fc 69: V. also W. J. 1883.149). (4) 
Begarding separation and estimation of Co; 
Fischer P. 74,118), Braun (Fr. 7, 813), Liebig 
(d. 66 , 244 ; 87, 128), Fleischer (J.pr. 1870, 2, 
48 , Donath (B. 12, 1868). 

Cobalt, alloys of. Little is known of these 
bodies; Co seems to form alloys with Sb, Bi, 
Au, Fe, Pb, Ft, Ag, Sn, and Zn. 

Cobalt, ammonia eomponndi of v. Cobalt- 
iiUNits, p. 222. 

Cobalt, antimonato of. Co{3bOJritH,0 
(Heflter, P. 86,418; ef. vol. i. p. 285). 

Cobalt, arsonates of. CoHj(AbO,), and 
Co,(AbO,),8H,0 ; «. toI. L p. 308. 

Cobalt, arsenldfls of. Co and As are said to 
form a grey-blaok, porous, mass, when heated 
together in the ratio oW parts Co to 8 parts As. 
The mineral smalHn6 is more or less pure Co 
arsenide, G^&s,: and skuttsrudtcs is nearly pure 
CoAs,. _ 

Cobalt, dFienito of. Co,H,(A80,),.H,0; v, 
Tol. i. p. 806. 

Cobalt, borato of. Probably 
30oB,O,.CoO,H,.8^O (H. Eoso, P. 88 , 299). 

Cobalt, bromide of. OSBrj. Mol. w. unknown. 
[0o,Br>,Ai-72,940 (TA.8,306). Agroen.deli- 
quesoont, luitrona aolid; prepared either by 


of CoBr,6H,0, and heating to o. 130° (Hartley, 
0. J. [2] 12, 214). The orystala of CoBr,.6H,0 
melt at 100 °, giving the puijile-grey hydrate 
0 oBr 2 . 2 H 2 O (Hartley). CoBr, absorbs NH, form¬ 
ing CoBr,. 6 NH„ from which all NH, can be 
removed by heat (®. CoBiLiiiiisBS). OoBrpkq 
and PIBrjAq evaporated yield oannine, rhom- 
bohedral, very deliquescent, orystals of 
CoBr,PtBr,.12H,0; S.0.2-763 (TopsoS, J. 1868. 
276). 

Cobalt bromide, hydrated; v. Cobalt, bbomidb 


heating Oo i& Bv vapour (Bammeltberg, P. 56i 
244) J or by warming Co in oontaot with Br and 
evaporating over drying the oryataU 


ur. 

Cobalt, carbides of. Co absorbs C when 
heated with obarooal, forming a hard, grey, steel¬ 
like solid. It is not known whether definite car¬ 
bides are formed or not. 

Cobalt, chloride of, CoCl,. Mol. w. unknown. 
[Co.Cl*]-76,480; [CoCF,Aq] -18,340 (TA. 8 , 
306). Absorp^on-spectrum, v. Russell, Fr. 32, 
268. 

Preparation.—X. CoO,or CoCOs, is dissolved 
in dilute HClAq, the solution is evaporated until 
a blue-green solid separates, which is sublimed 
in a stream of dfy Cl or dry HCL—2. Finely di¬ 
vided Co or CoS is heated in a stream of Cl.— 

3 . C 0 CI 2 . 6 H 2 O, obtained by crystallising solution 
of CoO in HClAq, is heated to 120®; traces of 
oxychloride are always formed thus (Potilitzin, 

B. 17, 276). 

Properties and Reactions .—Blue crystalline 
scales: easily soluble in water forming reddish 
liquid, also in absolute alcohol. CoCljAq of dif¬ 
ferent S.G. contains as follows (Franz, J. pr. [2] 

6,274) 

8.O. OoCl.p.o. S.a. Oo01,p.o. 

1‘0496 6 1-2246 20 

10997 10 1*3002 25 

1‘1679 16 1*3613 saturated at 17*6®. 

A saturated alcoholic solution contains 23*6 p.o 
CoCL, appears blue by reflected light and almost 
black by transmitted light, becomes colourless 
when diluted so that one part CoClj is contained 
in 10,000 parts of solution, but blue colourretums 
on warming; S.G. of this solution is 1*0107. Ad¬ 
dition of water to the blue alcoholic solution pro¬ 
duces violet and then red colour; a method of 
determining water in alcohol or in organic com¬ 
pounds miscible with alcohol has been founded 
on this reaction (^^nkler, J. 91,209). An 
aqueous solution of CoCl^ becomes blue on addi¬ 
tion of cone. HClAq, H,S 04 , or other dehydratmg 
agent; also on heatmg,the temperature of change 
beingthelowerthe morecotfo.is the solution,thus 
a 50 p.o. solution changes colour at 60®-100 , a 26 
p.c. solution at 85®-136®, and a 10 p.o. soluUon 
at 180®-207® (Tichborne, J. 1872. 27). Ad^Uon 
of HCl tocono. CoCl^q PPS-crystak oontai^g 
•torn 1 to li H,0 (Ditto, A. Oh. [^ 22, Ml). 
The change of colour of solution of CoCl, tom 
blue to rod is accompanied by hydration poti- 
litzin, B. 17,276t; it is not an isomeric change 
as supposed by Bersoh (W. A, B. 86 ,7iM). 

CmibinatioM.—l. With wofsr to form va¬ 
rious hydrates (o. Potilitzin, B. 17,276). The 
heiahydrate, CoCl,.6H,0, separates by cai^ 
fully evaporating are! solntion of OoOotOoTO, 
in HClAo: dark red monoohmo orystala; S.ii. 

-l“ 4 ;fosewatorat 30 °- 36 °,and.t 46 »- 60 °to 

tha dihvdrate; slowly lose water over H,SO, 
to^nSitho dibydratoi [0oCl',6H'OJ-21,190| 
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fOoCl*.6H»0^ * - 2850 (Th, 8,806). The di- 
hydrate, 0oG42H,O, forme a rose-red findy 
eryetaUine powdtf; prepared as desoribed above; 
a^rbt water from the air formiog the hezahy- 
drate. The monohydrate, Co01s.H,0, is ob¬ 
tained by beati^ the dihydrate to c. 100 °, or by 
•lowly evaporating a solution in absolute^alcohol 
of theheza-or di-hydrate, the temperature being 
gradually raised to 95°. Lnstrous, violet-blue, 
erystalline needles: dehydrated at il 0 °- 120 °.— 
9. WithammomatoformtheoompoundsM.OKH,, 
M.dN]^ and M.2K]^ where M «OoCl, (u. Oo- 
BAiAAxsas).— 8 . With ammonium chlonde to 
form GoGVNH« 01 . 6 HtO; prepared by evapo¬ 
rating a mixture of solution of CoO in 2 parts 
HGlAq and KH« fri 1 part HClAq (Hantz, A. 
66 , 884); not obtained from mixed solutions 
of CoOl, and NH«01 (Merrick, J. 1876. 251); 
forms ruby-red, deliquescent .crystals. — 4. 
With anilineiparatolutdin«t and Kylidine, The 
antiine compounds ate OoG 4 .(G^ 5 .KH 2 ), and 
Oo 04 ( 0 fH|.NH^,. 2 Gt£^O; the former, lustrous 
blue eiysti^ is obtained b^ dissolving O 0 C 4 
in hot aniline and crystaluting from abso¬ 
lute alcohol; the latter, rose-red leaflets, by 
adding aniline to an alcoholic solution of 
Cod,; at 100° alcohol is completely removed. 
The toluidine and zvlidine compounds, ob¬ 
tained siznilarly to me aniline compound, 
are blue needles: OoCl,.(G^ 4 . 0 H,.NH 2)3 and 
Oo04.(GaH,(OH|)rNHJ,(Lippmanna.Yortmann, 
J3, 11, 1069; 12, 79).— 6 . With cadmium chlo- 
ruZs, gold ehlorid*, and einc chloride to form 
0oGl,.8GdGl,.12H,0, Go 01 ,. 2 AuGlt.SH 20 , and 
Ck>Cn,.Zn01,.6H,0, respectively; by evaporating 
mixed solutions of the constituent chlorides.— 
6 . With cobaltous oxide ; when dilute NHjAq 
is added drop by drop to boiling GoCi^Aq a bine 
ppv is formed, which turns peach-red; this pp. 
when dried probably has the composition 
SOoCVOGoO.T^O (Habermann, M. 5, 442). 

Cobalt ehloride, hydrated; v. Cobilt, ohlo- 
anm ov; Oombinations, Ko. 1 . 

Cobalt, ohromates of; v. Guboxites. 

Cobalt, oyanidei of, also Cobalto- and Cobalti- 
Ojaaides; 0. OTAKxnss. 

Cobalt, fluoride of, Go 73 . 2 H, 0 . MoL w. un¬ 
known. Bose-red crystals; by dissolving GoO in 
exoeetof HFAq*, soluble ii^ Aq containing HF, 
or in a Utile oold water; decomposed by much 
hot water to ozyflnoride Co,OF 2 .H ,0 (Berze¬ 
lius). Combines with potaeeium fluoride, sodium 
fluorido, and ammonium fluoride, to form double 
salts; OoF,.0'.H,0. OoF,.NaF.H,0, and 
OoF,^KH^.2H,0 (Berzelius; Wagner, B. 19, 
897). 

Cobalt, haloid oompounds of.—These com- 

g onnds all belong to the form CoX,; X * F, Ot, 
r, or L None has been gasifled, and therefore 
the mcfleenlar wtighf of none is l^wn with cer¬ 
tain* These oompounds are greenish-blue 
solids; all form hymtes, which are reddish. 
All axs soluble in water, and aU seem to form 
double compounds with alkaU haloid oompounds. 
A very few ozyhaloid oompoxmds have b^n pre¬ 
pared. 

Cobalt, hydrated ozldef of; 0. Oobaiit, oxmss 
AU> HiskozzDss or. 

Cobalt, hydroxides of; «» OobuiT, oxmEB and 

sxssmamoy. 


Cobalt, iodide of, Col,. Mol. w. unknown. A 
black, graphite-like, soUd; obtained by digesting 
Go with wate^ and iodine, filtering, evaporating 
the red liquid till it gets thiokish, cooling over 
H,S 04 , and heating the crystals to 180° (Hartley, 
0, J. [2] 12,502). The Uqnid prepared as aesoribM 
yields green crystals of 0 ol,. 2 ^O; these are ex¬ 
ceedingly deliquescent. When the same solution 
is kept at 16° or so for some days red crystals of 
CoI,. 6 H 30 separate (Hartley; Brdmann, /. pr. 
7, 364; Bammelsberg, P. 48, 156). Ool, com¬ 
bines with N&, to form OoL.4NH, (Bammels- 
berg, P. 66,245). 

Cobalt, oxides and hydroxides of.—Oobalt 
forms three well-marked oxides: CoO, 00 , 0 ,, 
and G 03 O 3 ; four other ozide^ are known, which 
are usually regarded as compounds of the first 
and third of these, viz. Co 20 ,. 20 o 0 , CO 3 OS. 8 C 0 O, 
Go,0,.4GoO, and CojOj.fiCoO. The monoxide 
GoO is distinctly basic; the sesquioxide 00 , 0 , 
dissolves in acids, probably with formatidh of 
salts, but very few salts oon^aponding to this 
oxide have been obtained as they are very easily 
reduced to salts of GoO; the other oxides do not 
form corresponding salts. The monoxide is 
stable when heated to a moderate temperature, 
but at full redness it is oxidised to 0 o, 04 ; CojO, 
is deoxidised by heating strongly with formation 
of CO 3 O 4 . Several hydrates of the various oxides 
are known. 

I. Cobaltous ozn>E GoO. {Cobalt monoxide, 

cobalt oxide.) Mol. w. unknown. A greenish, 
brown powder, slightly hygroscopic. S.G. 5’59 
to 5*75 (Playfair a. Joule, (7. 8. Mem. 8 , 57). 
Prepared by heating GoCO, or Co(OH), (g. v.) in 
complete absence of air (Beetz, P. 61,478); or 
by heating CoGl, in steam (Schwarzenberg, A, 
97, 211); or by heating 00,04 in a stream of GO, 
(Bussell, O. S. 16, 51). CoO is unchanged in air, 
but when strongly heated it is oxidised to Go, 04 ; 
it is reduced to Co by heating in H or CO, or with 
G; it is quickly changed to CoS by heating in 
H,S. ° 

Cobaltous bylboxipe Oo{OH),. (Cobalt hy- 
drate. Hydrated cobaltous oxide.) [Co,0,H’0] 
*63,400 (Th. 8 , 806). Obtained by adding 
potash to solution of a cobaltous salt in absence 
of air; the pp« is a blue basic salt, which slowly 
changes to the rose-red hydrate; the change is 
quickened by heating (Winkelblech, A, 13,148, 
258 ; Beetz, P. 61,473). If potash is added to 
a boiling solution the pp. contains alkali and 
some basic salt (Fremy, A. 60, 277; 83, 227, 
289). A rose-red powder; absorbs 0 from air 
turning brown; heated in absence of air gives 
CoO. Cobaltous oxide and hydroxide dissolve 
in acids forming stable cobaltous salts (v. Cobalt, 
SALTS or, p. 221). [Co©*H»3WAq]-24,670; 
[CoO*H^HWfq]-21,140 (Th. 3, 807). 

II. OoBALTio OXIDE Go,0,. (Coboit scsquioxide. 
Cobalt peroxide.) Mol. w. unknown. A steel- 
grey, lastrous solid. Heated in flfr gives Co, 04 . 
Bissolves in cono. acids, but very few salts have 
been obtained corresponding to ^e oxide; solu¬ 
tion in cono. cold acetic acid gives brown pp. of 
Co,0,.8H,0 with an &lkaU; some double salts 
are known, e.g. Co,(HOJf.BSNO, («. Cobalt, salts 
or, p. 221). Prepared by gently-heated Oo2NO, 
so long as reddisn vapours are evolved, powder¬ 
ing finely and again gently heating; or by heat¬ 
ing Oo,0,.8H,0 to 600°-700°. 
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OoBAXfTxo HTSBOxz£>ES. Tho oompoond 
Ooj(OH}, or Co,Or8H,0 is obtained by expose 
ing a solotiott ol a oobaltoos salt^'^ith exoesa of 
NH,Aq added, to the air until brown, and ppg. 
by KOHAq; or by ppg. a oobaltous salt sola- 
tion by a hypooblorite in presence of alkali; or 

passing Ci into, or adding BrAq to, Oo(OH}| 
or OoCOt suspended in water; the pp. is dried 
by pressing between paper. Adsrk-brown powder 
[Co».0«,8H^03 -149,880 ; [2CoO*H^O,H’0] - 

22,680 {Th. 8, 806). By drying at 100*', or by 
prolonged exposure over H2SO4, fhe hydrate 
Co,, 0,.2H20 [? Oo* 0(OH)4] is obtained. The 
same hydrate is formed as a black lustroos 
deposit on the positive pole, when a slightly 
alkaline solution Of oobaltouB-potassiam tartrate 
is electrolysed, using Ft electrodes (Wernicke, P. 
141,119); S.G. as thus obtained-2*488. The 
hydrate SGoA'^^iO is obtained by heating 
CoGl] and Ck>,(NH,)jo01g in the ratio 2:1 mols., 
witi water in a open vessel (Mills, JPM, [4] 85, 
267). , 

The cobaltio hydrates lose water when gently 
heated, giving Co^Og; when strongly heated they 
yield €> 0 , 04 . They dissolve in cold oonc. acids, 
forming brown solutions; these solutions are 
decomposed on warming and thus give cobalt- 
ouB salts; the solution in cone, acetic acid is 
fairly stable; potash pps. CojOg.SlloO from 
this solution. Freshly ppd. Cofi^SKiO dis¬ 
solves in neutral (NH 4 ).jSOj,Aq forming a solu¬ 
tion of CojOi.lONHj.eSOj (deuther, A. 128, 
167). 

IIL OOBALTO-COBALTIO OXIDE CO 8 O 4 . {Block 
oxide of Cobalt,) Mol. w. unknown. Obtained 
by strongly heating in air, or in 0, CoO, Co(OH)„ 
Co,0, or any of its hydrates, C 0 CO 3 , Co(NO,) 2 , or 
C 0 C 2 O 4 . A black amorphous powder which slowly 
absorbs water from the air. S.G. 6*833-6*296 
(Rammelsberg, /. 2, 282). Obtained as lustrous, 
metal-like, greyish-black microscopic octahedra, 
by strongly* heating a mixture of C 0 G 4 and 
KH 4 OI in a stream of air or 0 , or a mixture of 
CoC ,04 and NH 4 GI in 0 , and treating the residue 
with hot cono. HGlAq. The crystals are unacted 
on by many cono. acids, but dissolve slowly in 
cono. H 2 d 04 (Schwarzenberg, A, 97, 211); they 
are non-magnetic. 

Hidbates of coBALTO-ooBALTio OXIDE. ^ Three 
have been described. Gog 04 . 2 H 20 , obtained by 
exposing to ordinary air G 03 O 4 prepared by heat- 
bg CoCO,; Co,04.3H20, obtained by boiling a 
solution of Toseo-cobaltio sulphate (Gcnth a. 
Gibbs, Am, 8. 23,267); Co 804 . 7 H 20 , obtained by 
allowing Co(OH )2 ppd. by adding excess of 
alkali to a oobaltous solution to stand in the air 
(Fremy). 

IV. OXHEB COBALT«-OOBA£>TXO OXIDES. (i.) 
G 02 O 8 . 2 C 0 O; a black powder, obtained by heat¬ 
ing dried CoC^D, to 100'^-160°in a'bloBod crucible, 
or by heatmg luteo- or purpureo-oobalt chloride 
with 80-40 ptrts water to 70^-100^ in a scaled 
tube (MiUs, P. M. [4] 86.267). (ii.) COjOs.SCoO; 
obtained by heating purpureo-oobalt chloride 
with 2 mols. O 0 OI 3 and some water to lOO'^ in a 
sealed tube (Mills, (iii.) Co^Og^dCoO; a 
black powder, unchanged by boiUng with HNO, 
or HgSOg, obtained by strongly heating cobalt- 
ous salts m air. (iv.) GojOg.OCoO; obtained 
with 6^0 by ad^ng NH^q to Co(NOj),Aq and 
allowing to stand in air tUl pp* is yellow. 


Cobalt, oxyhaloid eomponads of. Tory few 
of these compounds Imve been prepared. 
20oG1^6Co0.7^0, v. Cobalt, obloeide 
CombvnaHonst No. 6. GoF,.GoO.HsO, v. Cobalt^ 
TLDOEma or. 

Cobalt, oxysalpbide of, Co,OS. J-GoO.Co^. 
Dark-^y powder; by heating OoSO, in H. 
Dilute acids dissolve GoO; cono. acids also 
evolve EgS; heated, gives CoO and 80^ 

Cobalt, phosphide of, Go,?,. Black powder; 
obtained by ppg. GoOl^Aq by NoaHFOgAq and 
beating the ppd. phosphate in a stream of H; 
also by heating CoCl, in FH,. Insoluble in 
cono. HClAq; euily soluble in HNO,Aq. Go 
and P combine, by heatmg Go with a mixture of 
FgOg and charcoal. 

Cobalt, salts ol Compounds obtained by 
replacing the H of adds by Co. Many of these 
salts are kno^n; most of them belong to the 
class of cobaltous salts GoX, where X=GI, NO,, 
SO q IFO 4, &o, ; a few double cobaltio salts CoX| 

are known. The.Go salts are generally obtained 
by dissolving CoO or GoO.HjO in acids, or by 
double decomposition from other Go salts. 
Oobaltous haloid salts, sulphate, nitrate, and 
some others, are soluble In water; the carbonate 
and phosphate, (ko., are insoluble. Go forms 
many basic salts. Aqueous solutions of oobaltous 
salts are generally pink; when very cono. they 
usually become blue to blue-green; this colour- 
change is accompanied by dehydration and 
rehydration {cf. Cobalt, chlobide of ; Properties 
: and Beactions). For some aoooimt of the resem¬ 
blances between Fe, Ni, and Co v. Ibon Gbou? or 
Metals. Oobaltous salts closely resemble Ni 
salts: many of them are also very similar to, 
and isomorpbous with, ferrous salts. Gobaltto 
hydrate COjOfSHjO dissolves in cone, cold acids 
probably forming cobaltio salts; on warming, 
these solutions are generally quickly decom¬ 
posed with production of (x>baltous salts; a 
solution in acetic acid is fairly stable. When 
00, is added to an acetic acid solution of a 
oobaltous salt a pp. of the double oobaltic 
B^t Go(N02),.8£NO, is obtained. As no com¬ 
pound of Co has been gasified the formula of 
the Co salts are not necessarily molecular. The 
chief salts of oxyaoids are the carbonates, m- 
(rates, phosphates,'* and sulphates; ehUrrate, 
bi'omate, iodate, nitrite, phosphite, sulphite, and 
a few others, are also known {v. Garboeates, 
NITRATES, <fco.). A great many doable com¬ 
pounds of Go salts with ammonia are known 
(v. COBALTAMXHES, p. 222). 

Cobalt, selenide of. GoSe. Go and Se com¬ 
bine when heated together, forc^g a metal-like, 
llis^us, greyish moss, which is fusible at zed 
heat (Berzelius). The compound CoSe is ob¬ 
tained by passing vapour of Se over hot Go in 
an atmosp^ro of H; S.G. 7*66; when melted 
under borax it forms a yellow, erystalliae, metal¬ 
like solid (Little, A. 112. 211). 

Cobalt, tulphldei of. Go and S oombine. 
directly in different proportions. Sulphides are 
also formed by ad&g alkali solphides to eo- 
baltouB salts, and by passing £L8 into an aoetio 
acid solution of OogO,, orCoO, and inyarioua other 
ways. The following sulphides are known: 
G04S,, OoS, Co,Sg, Co A, OoS,; these ace tbf 
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lampleit lormals that can be given, but they 
are not neoeBsarily moleoular. The galphidea 
of Co are baeio; C^S combines with A 8 ,S. and 

SbA- 

I. OoBALTons stTLPHXDB CoS. (Oobalt mono- 

Ooonrs native as Prepared 

by neating Co with S, or CoO with S» or CoSO^ 
with BaS and excess of NaCl; forms bronze* 
ooloured, lustrons needles, soluble in acids. 
Also obtained as a black amorphous powder by 
ad^ngKH 4 sulphide to an aqueous solution of 
a wbutous salt, or by passing H 2 S into a dilute 
acetic acid solution of CoO, or into water hold¬ 
ing Oo(OH), in suspension; the black pp. is 
soluble in dilute mineral aoi^, but not in acetic 
acid; insoluble in alkali sulphides; when moist 
it oxidises rapidly in air to C 0 SO 4 . Non¬ 
magnetic (Hjordtdahl, C. i{. 65, 75). Com¬ 
pounds of CoS with As and ^^Sb sulphides, 
MfSs.2CoS, are obtained by adding Go solutions 
to Na thio-arsenite, < 60 . 

II. CoBABTIO SULPHtDE Co^S,. {Coholt S6S- 
guiaulphide,) Occurs native d,sfiohalt-pyriUs in 
ootahedra. Prepared by beating CoS or CofOH), 
in a stream of H,S, or by strongly heating a 
mixture of CoO, S, and KOH, and washing with 
water; forms a graphite-like crystalline powder. 
Also obtained as an amorphous black pp. by 
passing H^S into a solution of C 03 O, in acetic 
acid, or by adding NH^ sulphide to the solution 
of a roseo- or purpureo-cobalt salt. Insoluble in 
KCNAq, thus differing from NiS. 

HI. Cobalt disulphids CoS^ {Cobalt per- 
sulphide.) Cohalt-glance is approximately pure 
CoSyCoAsp Obtained by moderately heating a 
mixtnre of 1 part dry CoO with 3 parts S, or of 
1 part CoGO, with parts S, until excess of S 
has been removed (Setterberg, P. 7,40). A black 
lustrous powder; heated in absence of air to red¬ 
ness forms CoS; unacted on by acids except 
oono. HNOs and aqua regia. 

ly. OOBALTO-OOBALTIO SULPHIDB COjS,. 

Ooours native as LinnceiU. Formed, as a 
greenish-blaok powder, by heating CoCl^q with 
E polysolphide solution to 160^ (S^narmont, 
A. Oh, [ 8 ] 80,187). 

V. The sulphide Co^Sj is said to be obtained 
by heating CoSO, to whiteness in a carbon 
orqoible, or by ^trongly beating Co with S, or 
CoO wi^ H^S (Hjortdahl, G, JR. 65,75). A grey 
metiJ-like, lastrous mass, solnble in hot HClAq 
with evolution of H^S. 

Oobal^ inlphooTiuiide of, Co(SCy)i; v, Sul- 
BBOCTANxnxs, usder Otakides. 

■ * Cobalt, borotungstate of; v. BoaoTUNasTATEs, 
under Tukobtsh. M. M. P. M. 

C0BALTAKI1IB8. {CohaUamTTumium com¬ 
pounds. Cobalt-ammoma compotmd&. Ammo- 
mo-cohaU aalU, Ammoniacal cobalt basesf} 
Compounds of ammonia, oobalt, and negative 
radides, formed either by combination of NHg 
with ooWtous salts in absence of air, or by re¬ 
actions between oobaltous salts and ammonia in 
presence of air. 

Bergmann noticed the solubility of oobalt 
salts in ammonia. Tassaert (A, Oh. [1] 28, 95, 
[179^]) noted tha> ooloumsbanges occur when 
tbese solotiont stand in the air. !xli4nard (A. Ch. 
[1] 42.211 [1808]) and Proust (A. Ch. [1] GO, 264 
[1806]) eiqplainM these charges as caused by 
absorptionof oxygenfromtbe air. Quantitative 


measurements of the changes in question were 
made by L. C^elin (S. 86,286' Pfaff {8. 85,486), 
Dingier (S. J710, 189), Hess (P.26, 647),and 
Winkeibleoh {A. 18, 259). Beetz (P. 61, 489; 
B:J. 25,169) and H. Bose (P. 20, 147) carried 
further the investigation of the compounds pro¬ 
duced. In 1850-60 Gibbs (P. Am. A .; v. post) 
began his investigations of the oompounds formed 
when ammoniacal solutions of cobalt salts are 
exposed to air; these researches form the basis 
of our knowle^e of the subject. The chemists 
who have chieny contributed Ao the elucidation 
of the subject of ammonio-cobalt sdts, besides 
Gibbs, are Fremy, Claudet, Genth, Braun, Mills, 
Vortmann, F. Bose, and Jorgensen (references 
will be given to original memoirs by these 
and other chemists under the individual com¬ 
pounds). 

Some cobaltouB salts combine with ammonia 
in absence of air, forming salts which orystaUiso 
from ammoniacal solutions but are decomposed 
by water; these ammo7iio-<3obaltoua salts, or 
eobalto-amines, generally belong to the form 
M. 6 NH, where M » a oobaltous compound, e.g. 
CoCl) or C 0 SO 4 . Many oobaltous salts in solu¬ 
tion react with ammonia in presence of air to 
form compounds of the type CojXg.xNB^ where 
X = an acidic radicle. These ammonio-cobaltic- 
salts, or oohalti-amines, may be olassiffed, pri¬ 
marily, according to the value of x in the general 
formma CO 3 X 4 .XNH,, and secondarily according 
to the nature and relation to the rest of the salt 
of the acidic radicle X. 

Becent researches have shown that when 
ammonia is added to a cobaltous salt solution in 
presence of air, the oobaltous compound probably 
oxidises, and at the same time combines with 
ammonia, and that the various ammonio-cobaltio 
compounds subsequently produced are derived 
from these oxidised compounds by removal of 
oxygen and ammonia, followed in some cases by 
recombination with more ammoniaf The final 
production of this or that ammonio- compound 
seems to depend chiefly on the relative masses 
of the oobaltous salt and ammonia or ammonium 
compound originally present. 

The oobaltamines form compounds with many* 
acids and with metallic salts. The mutual rela- 
tions of the various classes of cobaltamines, and 
the constitution of each class, are not yet 
thoroughly elucidated. The following olasBifioa- 
tion is a fairly satisfactory scheme of arrange¬ 
ment, and is generally adopted:— 

l. COBALTO-AMINES or AMMONIO-CO- 

BALTOUS SALTS. Formed by the reaction of 
oobaltous salts in solution with ammonia in 
absence of air. These compounds belong to the 
form M.XNH 4 where MA‘a oobaltous compound 
and X is generally« 6 . ' . 

It OXY-COBALTAMINES or AMMONIO- 
OXYCOBALTIO SALTS. Forme^y prolonged 
oxidation of ammoniacal solutionsof oobalt s^te 
by a stream of air. Most of these oompounds 
may be represented as beloz^ing to one or 
, other of the series Oo,(NHt),^ 4 . 0 H.O.OH and 
Co,(N]^),JB 4 . 0 . 0 H, wnereB^aa acidic radicle 

Cl,Br,I, 

2 

m. COBALTI-AMINES or AMMONIO-CO- 
BALXIO 6ALIt>. Formed byexpoimg Muao 
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oisoal solations of oobaltous salts to the air, and 
adding an acid or a salt. These compoands may 
be divided into fonr main series 

(i.)HEXAuiNEB or HaxAUMON:0'0OBiJ:.Ti0 salts; 
Co,(NH,)^*, e,g. Co,{NH,),(SOJg.6H,0. These 
salts are also called dichrocobalHo scUts. 

(ii.) OOTAmimS or OOTAMSfONXO-COBALTXO SALTS ; 

Co,(NH,)«R*, e.g. Co,{NH,)gCI,.2H,0. 

(iii.) Decaminbs or Dbcammomxo • cobaltio 
SALTS ; Co,(NH,),jR*, 0 .Q. Ooj(NH 8 ),p{OH)*. 

(iy.) DocEOAHtNEs or Dodeoaumonio-oobaltxc 
SALTS; Co,{NH,), 2 R*e e.g. Oo,(NH,yCO,)3.7H,0. 
The fourth series *is also called we series of 
Uiteo ' <x>bafltamine3 or luteo • ammonia • cobaltic 
ialts. 

The octamims and decamines are generally 
divided each into three divisions:— 


OCTAMINES. 


(a) Praseo-cobaltie salts; normal salts, 
e.g, Coj(NH,)8(S0,)s.4H,O. 

(o) Fusoo-cobaltic salts; basic salts,c-j/. 
Coj(NH,)aCl,(OH),AHp. 

(e) Oroceo-eobaltie salts, also called 
nikammes of the octanUne series; derived from 
prasco-salts by replacing | of It by NOj e.g- 
Co,(NH,),SO,(NOg), 


Beoamines. 

(а) RoseO’Cobaltic salts ; 
Co2(NH,),oOl8.2H,0 

(б) Purpureo-cobaltic salts; 

Co,(NH3),oCt 


differ in 
quantity 
of H,0 
they 
contain. 


(e) XanthO'Cobaltic salts , also called 
nitramines of the decamine series; derived from 
purpureo* or roseo-salts by replacing ^ of R by 
NO, 6.g. Co,(NH,)„Cl,(NO,),.2H„0. 

Many oooaltamines of different classes com¬ 
bine with acids and with metallic salts to form 
double compounds. 

The empirical formuls given to the cobalt- 
amj^es do not sufficiently represent the proper¬ 
ties of these compounds. It is sometimes neces¬ 
sary to distinguish between the functions of 
different radicles in the same compound; and 
isomerism is exhibited by some of these bodies. 
Thus, in the octamine series, two octaioine chlo¬ 
rides exist, Co.j(NH,)gCl„. 2 H 20 ; one is green, it 
loses all its water at lOOS its aqueous solution 
is easily decomposed givingapp. of Co^Oj.SHjO; 
when the solution of this salt is treated with 
fairly cone. HClAq a violet salt crystallises out, 
having the same composition as the green salt; 
this violet salt does not begin to lose water at 
120 ^, it is considerably more stable than the green 
salt. These two salts are representatives of two 
subdivisions of tbedivisiop praseo-saffs; the 
subdivisions are known as octamine - praseo-salts 
andocto»»MW-^*wpureo-saZfs respectively. Again, 
in the decamine series; the chloride Co,(NH,) ,„01g 
is a violet-red ^Ud which dissolves in water, 
and when digened with dilute HClAq yields a 
red dichiolc powder having the composition 
Co,(NH,)„Cl,.2H,0; this salt is very unstable, 
it is changed to the violet-red compound on 
wanning or on solution in water; a solution of 
this salt is not ppd. by Na 4 pjO,Aq, while a solu¬ 
tion of the yiolet-red salt is ppd. by this reagent. 
These two salts are representatives of two divi- 
uons of the dsoaxibk seoies, viz. purpureo - 


and roaeo-deamiMs. Some of the pnrpnreo^ 
salts crystallise with sHgO, e.g. 
Oo 2 {NHg),g(S 04 ),.H, 0 ; but such salts lose water 
without unde^ing essential change, hence the 
water is water of crystallisation, whereas in the 
roseo- salts the water seems to be rather water of 
constitution. A^ain, there is a compound of the 
purpureo - division of the decamine series, 
Co,(NH,), 9 ( 804 ),(NOj),, which is isomeric with 
another compound of the same division, and 
both are isomeric with a roseo-salt of the de¬ 
mine series. So also in one of the series of <9y- 
oobaltamines, viz. the series Go,(NH,),«Rs*O.OH, 
of the radicle R are more firmly held to the 
rest of the salt than the remaining one-fifth. 

It is generally possible to give formula to 
each series, or division, which shall more or loss 
satisfactorily represent the typical reactions of 
the oompounds.as connected with the arrange¬ 
ment of the different radicles, and ammonia, 
relatively to the cobalt atoms; but, considering 
the present state of knowledge of the constitu¬ 
tion of complex mineral compounds, such for¬ 
mula have little i^ermanent value. 

In this article accounts will be given of the 
leading properties of each class, series, and divi¬ 
sion, of the ammonio-cobalt compounds, and 
descriptions will be added of the methods of 
preparation of one or two of the best-known 
members of each group; the less-known com¬ 
pounds will merely be recorded. For details 
concerning individual compounds other than 
those described, reference must be made to the 
original memoirs. (A good account of the 
oobaltamines will be found in the article ' Ko- 
halt ’ in Ladenburg’s HandwGrterbuch der Che- 
mie, 5,601 et seq.) 

Class I.—COBALTO-AMINES or AMMO- 
NIO-COBALTOUS SALTS, M.a;NH,; M*co- 
baltous salt, x generally =3 6. These salts were 
first examined by H. ^^se (P. 20,147). They 
are produced by combination of NH, with dry 
oobaltous salts, or adding cone. NH,Aq to cone, 
solutions of oobaltous salts in absence of air; 
they are decomposed by heat with loss of NH,; 
their aqueous solutions also undergo decomposi¬ 
tion, especially on warming. 

Ammonio-oobaltotts chloride CoCl,. 6 NH,; 
obtained by adding cone. NH,Aq to cone. CoCl,Aq 
until the blue pp. wMch forms is dissolved, in 
absence of air, and allowing to crystallise. Bed 
ootahedra; unchanged in a closed vessel; in 
the air, or over H,S 04 , or by warming with Aq, 
NH, is separated. Soluble, without change, in 
dilute NHjAq, scarcely sol. in cone. NH,Aq, insol.* 
alcohol. The compound GoCl,.4NH, is formed 
when NH, is absorbed by d^ CoCl,; and 
CoGly2NH, is produced by heating CoCl,. 6 NH, 
to 420® (H. Rose, P. 20,147). 

Ammonio-oobaltous nitrate 
Co{NO,),.6NH^2H,0; obtained similarly to the 
chloride. Bed or}«taIs, whiob quickly turn 
brown; decompose by water with removal of 
NH, (Fremy, A. Ch. [ 8 ] 85,267). 

Asunoiuo-oobaltoas sulphate Ck^ 04 . 6 NH,; 
o*btained by adding alcohol to an ammoniaoal 
solution of O 0 SO 4 (Fremy), or by combination of 
dry O 0 SO 4 with Nl^ (Rose). 

The compounds OoBr^ 6 NH„ O 0 L. 6 NH,, and 
Ck}L.4NH, are also known (Bammelabecg, 

245; 48,165). 
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Claii n.^X7-OOBALTAMINBS or AM. 
MONIO OXTCOBALTIC SALTS, or OXYCO- 
BALTIAO SALTS, Oo,(NH^,JR*<.OH.O.OH, and 
OotpTHJ.^t.O.OH, where » monovalent 
aoidie raoiole. These salts are obtained by the 
combined action of NH, and air on oobaltous 
salts; when a stream of air is passed ^nto an 
ammoniacal solution of a oobaltous salt, the 
colour of the liquid changes to brown, and if the 
solution is sufficiently oono. the oxjoobaltamine 
InMuentlr separates; in some oases the salt is 
ob«^ed by adding a salt or an acid to the sola* 
tion obtained as described. The oxyoobaltamines 
generally partially decompose when heated alone 
or in NH^q, giving of! oxygen and forming 
■alts of the ootamine {/uaco>) series, which, by 
oombination with NHg, form salts of decamine 
and dodeoamine series. The oxyoobaltamines 
are decomposed by warm wat^r with ppn. of 
OoaO^HgO or a basic oobaltous salt and 
svolution of oxygen. Dilute acids partially 
decompose the oxyoobaltamines of tne form 
Oo,(KH,)|^ 4 . 0 H.O.OH with production of green 
salts and separation of water.* The green salts 
thus formeu are regarded by Yortmann (M. 
6 , 404) as anhydro-<)xycoh(UtaimnM\ e.g. oxy> 
Qobaltamine ohloride Co,(NH^, 4 Gl 4 . 0 H.O.OH 
with oono.HClAq gives anhydro^oxyoobaltamine 
ohloride 0 o,(NH,), 4 Cl,.G 1 . 0 . 0 H, thus 
Co,(NH,)„Cl 4 . 0 H.O.OH+HCl 
» Cot(NHt}„ 0 l 4 .Cl.O.OH + HsO. The oxyoobalt* 
amines were formerly represented as containing 
the group CO 3 O,; and the anhydro’oxycobalt* 
amines were regarded as acid salts derived from 
tile ozyoob^tamines (Maquenne, Cf. B. 96, 844): 
the change from the ohloride to the anhydro- 
ohloride, for instance, was formulated thus 
Oo,O^NH,),4Cl4.H,0 4 HCl 
••COaOj^NH^ifOvOlH+HjO. But Yortmann’s 
obcMration wat solutions of riie oxycobaltamines 
^uoe KMn 04 Aq and pointe to the 

presence of the £^onp O.OH; and the formation 
of octamine salts witn evolution of ammonia and 
oxygen bv heating ammoniacal solutions of oxy. 
oobaltamlnes oondrms this supposirion; thus 
Co,{NH,)„(NO,) 4.0H.O.OH.H,0 
« Oo,(ra,),(NO,),(OH), + 2NH, + H,0 + 0. 
Whether the green salts obtained by the reaction 
acids with the oxyoobaUamines are regarded 
as acid salts of the oxycobutamines (Maquenne), 
or M anhydro'oxyoobaltamines (Yortmann), 
in ^ler case | of the acid radicle is repre* 
eented as related to the rest of the salt dif. 
ferently from the other four.dfths; thus the 
nitrate is either Co,p^H,)|«(NOg) 4 .NO,.O.OH or 
Co,Ot(NH,),g.(NOJ 4 .!NO,H. If Yortmann’s 
formula for the oxycobaltamineBu adopted, it is 
better to regard the green salts as anhydio-oey> 
oobaltamlnes. One-fifth of the acid radicle is 
r^arded by Yortmann as directly ^sooiated with 
the Co atom. The existence of amd salts of the 
oxyoebaltaznines, diffSring in properties from the 
anhydro-oxyoobaltatninea, and very probably 
belonging to the same tm as the oxycobalt¬ 
amines G 0 g(NHth«(HO|) 4 . 0 H. 0 . 0 ELHN 0 t)* 
tends to uiow that w green salts are better 
remurded as anhydro-oxjroobaltamines than as 
aod salts of oxyoobaltamines. 

BsrAes 1 . Oxt-oobuaiao salts, or Amuomio- 
on^ooBUffio SAXOS, 00|(MEt))gBi«.OH.O.OH. 


Oxy-eohattaintne iodide 

Co,(NH,),;[ 4 . 0 H.O.OH (Yortmann, If. 6 , 404^ 
obtained by adding cold oono. EIAqto an oxidised 
ammoniacal solution of OoOlg. Green needles; 
onohanged in air; decomposed by much HgO 
with evolution of 0. Dilute acids separate I and 
evolve 0 ; hot oono. HKOg forms luteo-cobalt 
nitrate Co,(NH,),a{NO,),. 

Ozy-cobaltasune ebJloride 
Coj(NH^,oCl 4 . 0 H.O.OH (Yortmann, ilf. 6 , 404); 
obtoineu by dissolving crystals of GoCl, in 
parts NHj,A.q* 8 .G. *912, with gentle wanning, 
passing air into the cold solution until the pp. of 
Co 01 g.fl;NH„ which forme, redissolves, saturating 
with NH 4 CI, and adding alcohol; ppn. is aidoa 
by rubbing with a glass rod. Greenish-brown 
powder; very unstable, easily giving off 0 , and 
then passing into fusoo-oobalt chloride 
Cog(NH,)g.Ol 4 (OH), (c/. Premy, A. Ch. [3] 35, 
267). 

Oxy-oobaltamine nitrate c 

Co,(NHa)„(N 04 ) 4 . 0 H.O.OH (Fremy, l.c.; Vort- 
mann, l.c. ; Gibbs, P. Am. A. 10 [1876] 1; 11, 
1 ); obtained by leading air into saturated 
Co2NO,Aq, to which saturated NH.NOgAq, and 
6 parts of NH,Aq S.G. *938, have been added. 
Dark brown prismatic crystals. Yery unstable; 
loses water and a little KH, in dry air; when 
heated appears to form fusco-cobalt nitrate 
Co,(NH,)a(NO.) 4 (OH),. 

Ozy-oobaltamine sulphate 
Coj(N^), 4 (S 04 )yOH.O.OH(Fremy; Yortmann); 
obtained similarly to, but more easily than, the 
nitrate. Dark brown crystals; more stable than 
the nitrate; heated to 110 '’- 120 ° it loses H^O, 
NH„ and 0, and forms fusco-cobalt sulphate 
Cog(NHg) 4 (S 04 )g(OH)g. 

Oxy - cobaltanune acid mtrate, sulphate, 
sulphato-ohloride, t&c. These salts are obtained 
by dissolving the nitrate or sulphate in cone. 
HNO| or H,S 04 respectively, or by dissolving 
the sulphate or nitrate in cono. HplAq. Their 
compositions are expressed by the formula 
Co-(NH,)„{NO,) 4 . 0 H.O.OH.HNO„ 
OoJnH,),, S 04 ),. 0 H. 0 . 0 H. 2 H, 804 . 

Co, NH,), 4 (S 04 lClg.OH.O.OH. 4 H 01 , 
Co,(NH,)„(NO,),Cl,.OH.O.OH.4H01, 
and Co.(NH,),p{S 04 ){NO,),.OH.O.OH. 4 HNO,. 
These salts are ail very easily decomposed by 
heat, giving green salts, the change probably 
consisting in removal of the excess of acid. 

Series IL ANHTnBo-ozYOOBALmo silts, 
or ANBTDBO-OZr-OOBALTAtinNXS, 
Coj(NH,)„B* 4 .R‘.O.OH (Yortmann, M. 6 , 404). 

Anhydxo-^xy-oebaltamine ohloride 
Co,(NH,).oCl 4 . 01 . 0 . 0 H.HgO; obtained by digest- 
ing freshly prepared oxy-cobaltamine chloride in 
cold conc. HOlAq until the colour is green, and 
crystallising from warm dilate HClAq. Small 
green needleS; stable in air; toses NH. and 
H 2 O on warming;, e. sol. water, the solution 
rapidly decomposes; when a so^tion in HCIA^ 
is boiled, purpureo-ohloride, (^,(NH,),.01„ is 
formed; heated with NH,Aq, purpureo-ohloride 
is formed, along with luteo-ohloride 
Co 2 (N^)„(^. Posns double salts with 
2 Pt 0 l 4 . 6 H, 0 , andSHgOi,. 

Anbydro^ozy-oobaltamlns nitrate 
Coj(NH,)„(NO,).NO,.O.OH.H, 0 ; obtained by 
adding ozy-cobeutamine nitrate to a mlztw of 
equal voli. oono. HNO| and H^O, digesting in tha 
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aold ana tnen warming antU all is dissolved; 
on cooling a blue-green dnely orjstallina pp. 
forms, si. sol. vater» solution sapidlj deoom- 
poses; solution in dilute acids may be boiled 
without change. 

The other important salts of the ankydro^oxy- 
cobaltamine series are the following:— 

Sulphate (Co,(NHs),„. 0 . 0 Hh(S 0 J,. 8 H 30 . 
Diohromate (Co,{NH,),0.O.OH)2(Or2O,)s.8HjO. 
Chloronitrates 

Co,(NH,)„(NO,)A-01.O.0H.H,O^and 

Co.(NH,)„(NO,)AO.0H.H,O. 

Acid sulphates 

{Oo,{NH,).o.O.OH),(S04),.®HjSO*.nHaO 5 ««1 

and 2, and 2 at^ 3. 

Aeld nitrato-sulphate 
Co,(NH,)„(SO,),(NO,).O.OH.H2SO..H,0. 

Class III.—COBALTI-AMINES, or AMMO- 
NIO-COBALTIC SALTS Co2(NII,)^J,; «=>6, 
8, 12. This olass comprises by far the 

greater number of the ammunio-cobalt salts. 
It is divided into ?oar series, and some of these 
are again subdivided. The scries are: 

(i.) Eexamines Co^{NHj,)^j. 

(ii.) Octamincs Cojj(NH,)sR6. 

(iii.) Decamincs Co^(NH.,),oB8. 

(iv.) Dodecamines Co.^(NH3),^8. 

Series I . Hexaminiss, or IIkxauuokio- 
coBALTio SALTS Co3(NHj)«R*,. Also Called 
dkhro’cobaltic salts. These salts are very un¬ 
stable ; they are readily decomposed by potash. 

Hexamine chloride Co2(NH,),Cl<j.H20 {Di- 
chrocobaltic-chloride). Octamine cobalt car¬ 
bonate, COa(NH,h(C03)„ is obtained by dissolv¬ 
ing CoCO, in NH^q in presence of (NH^jCOa, 
exposing to air for some time, evaporating on 
water-bath to a small volume, adding {NH^lsCOa 
and evaporating again; this salt is dissolved 
in NHjAq, (NHJjCOa is added, and the solution 
is evaporated to dryness on the water-bath; 
evaporation after addition of a little water and 
(N^<)3C0, is repeated two or three times; the 
crude carbonate thus obtained is treated with 
dilute HClAq; the turbid liquid is heated nearly 
to boiling, and then quickly cooled, when the 
hexamine chloride separates as small green 
crystals (Vortmann, B. 10,1451; 15,1890). Crys¬ 
tallises from neutral solution in green crystals, 
appearing almost black when large; crystallises 
from acidified solution in red-brown tables. 
DIchroism is best seen by evaporating a drop of 
solution of salt on an object-glass, and examin¬ 
ing under microscope. Water is not completely 
removed at 120®. Fairly soluble in water; on 
warming solution becomes violet, and contains 
octamine purpureo-ohloride Co3(NH,)jCl«.2HjO 
which may be ppd. by QOl; solution in HClAq 
on warming gives pp. of decoiluno purpureo- 
chloride 0o3(IIH,),901,. Forms la double salt 
with HgCl,. 

The chiefs salts of the hexamine series, 
besides the chloride, ore the foUowing : 
M-Co,{NH,),. 

Basie carbonate M.(0H),(C09)2.3H,0. 
Nitrates M.(NO,),.8HjCi; and 
M.(NO,),{OK),.2H.O. 

Sulphate M.(S64)9.6E[,0. 
mtxxa M-fNCj), (Erdmann, J.pr. 97,406). 
Series II. Ocxamisbs, or OoTAiOfONio* 

pOBALxzc SALTS The salts of this 

Vox*. IL 


series are arranged in three divisions, the praseo-, 
the and the crocso- eobaltic salts. 

Division L Praseo-eobaltic salts. 

Fraseo^cobaltio chloride 0o3(KH,)301,.2H20 
Q^ortmann, B. 10, 1451; 15, 1890; F. Bose, 
Untersvehungen ilber ammomakalische Koball- 
verbindfmgen [Heidelberg, 1871]). This salt 
exists in two modifications generally known 
as praseo-cobalUc chloride and octamme-pur- 
pureo-co^lt chloride, respectively. Praseo- 
chloride forms green lustrous crystals; e. sol. 
water, the solution readily decomposes, turning 
violet, and HCl then pps. deoamine-purpureo- 
ohloride Co3(NH,),oCl„.2H,0; dried at 100® 
this salt becomes anhydrous. Ootamine- 
purpureo-chloride fomm deep violet octa- 
hedra; does not lose any HjO at 120®. 

The praseo-salt is generally found in the 
mother-liquor when any cobalt salt is exposed 
to air in presoij'ce of ammonia, and the solution 
is ppd. by HCl; it is separated from such liquid 
by addition of NH^Cl. The pp. is separated 
from admixed decamine-purpuroo-chloride by 
washing with alcohol, drying, dissolving in cono. 
H^SO^, and carefully ppg. by HClAq added drop 
by drop; it is then dissolved in ice-cold water, 
and at once ppd. by a little HClAq. 

The purpuieO'Salt is obtained by oxidis¬ 
ing an ammoniacal cobalt chloride solution in 
the air, evaporating to a small bulk after addi¬ 
tion of (NHJjCOj, filtering from ppd. luteo- 
chloride {Co2(NHj)„CI,) and allowing to stand. 

When a praseo-ohloride solution is warmed 
with fairly dilute HClAq, a violet liquid is ob¬ 
tained, from which octamine-purpureo-ohloride ■ 
separates on cooling. When cono. H2SO4 is 
added to an aqueous solution of the purpureo- 
ohloride crystals of the praseo-salt gradually 
separate. 

Praaeo-chloride forms two double salts 
with HgClj, viz., M.Hg01, and M.2HgCl,. Pur- 
pureo-obloride forms the double salts 
M.6HgCl2.2H20 and M-SHgCl^-HjO; where M* 
Co.(NH,)sClg. When a solution of octamine 
carbonate, formed as described under hexamine 
chloride (v. supra), is ppd. by cold HClAq, small 
red crystals are obtained; these have the com¬ 
position Coj(NH,)*C 1|.2H30.2H30 ; at 120® the 
i crystals lose 2H2O, becoming octamine pur- 
’ pureo-ohloride. This salt is usually known as 
I octamine roseo-<fobalt chloride; itforms 
a double salt Co2(NH,)3Cl«.2H20.6HgCl,.8H,0. 

1 The two salts, praseo-cobalt chloride and 
; octamine-purpureo-cbloride, are isomeric; in 
I the second the two molecules of water are more 
] firmly held to the rest of the salt than in the 
' praseo- compound. The roseo-chloride differs 
from the two others by containing two molecules 
oL water loosely held to the rest of the salt. 
Each of these salts is the representative of a 
subdivision of proseo-cobaltio salts; the 
praseo-salts froper, the octamine^rpureo-saUt, 
and the octamine roseo-salts. The chief salts 
in these subdivistons are the foUowing 
M-Co,(NH,),. ^ .V,-,.. 

* Praseo-oobalt ohromato-onlonaa 
M.Cl,CrAH,0. 

Fraieo-cobalt nitrato-oUorla. 
M.C1,.(N0,),2H,0. 

Octamine purpureo-eoboit chronata 
M.(Cr04),.2H,0.2n,0. 
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OeUmixi»^rpu60-oob«lt nlpUaM 1 the cowo-Balte; they ere ohenged to the latl^ 

11.(80 J|.8H,0.2^0. by long-oontinned warming is presence of water, 

Oetamine rosee-eebalt sslphate by long-oontianed digestion with dilate acids at 

M.{S0,),.2H,0.4H|0. the ordina^ temperatore, or. generally by pro- 

Ootamiae eebalt earboaates M.(C0J,.8H,0; ceases whion result in bydbration, but not merdy 
and M.{G0|)t.H,CO,.8H,O. by solution in water and orystallisation. The 

Ootamine cobalt 8iilphato*carbonate«' xantho-salts bear a somewhat similar nlation 

M.(C0,),604.8 Hi 0. to the parpnreO'salts that the orooeo-compounds 

Ootamine cobalt nitrate H.(N0,},.2H20. of the ootamine series bear to the praseo-com- 
Bivision IL Fuioo-oohaltic salts pounds of the same series; the xantho-salts are 
(Fremy, A. CH. [8]85»367). These compounds, dinitro-derivativeB of the purpureo-salts, the 
which are basic salts of the ootamine series, are orooeo-salts are tetra-nitro-derivatives of the 
obtained from the brown liquids formed by praaeo-salts. * 

aUowing ammoniacal cobalt solutions to stand Bivtsion 1. Bosso-oobaittc salts, 
for a long time in air; they are also formed by These salts are obtained as products of the de* 
decomposing oxy-oobsltamines by water. They composition of the oxy-eobaltamines, from 
are non-orystallisable; alcohol, or passage of an aqueous solutions of which they are ppd. by 
ammonia-stream, pps. them from their solutions, acids in the cold. They are obtainedfrompur- 
Boiled with water, especially if ^Ikali is present, pureo-salts by long-continued digestion with 
they are decomposed with separauon of dilute acids, or, more readily, by treating these 
Go,D,.8]^0. The chief salts are the following: salts with ^^is, e.g. dilute solution of N^, or 
M-Co,(NHJ,(OH) 2. NaOH, AgjO and water, or BaCO,—and suose* 

Fnsco-cobalt cMoride M.Gl4.2H,0. quent saturation with acidi. The roseo-salts 

Fuseo-eobalt nitrate form red to peach-coloured crystals, which ex- 

Fosoo-cobalt sulphate M.(S04 )s. 2!^0. hibit dichrotsm; they are fairly easily soluble in 

Bivision III. Croeeo-cobaltie $alts. water; their ammoniacal solutions are decom- 
These compounds, which are tetra-nitro-deriva- posed on boiling with ppn. of CotO,.3H30. 
lives of the praseo-salts, are produced by the These salts lose water by treatment with oonc. 
action of ammonia and nitrous acid (or ammo- acids, and form parpureo-salts. Boseo-salts in 
nium or potassium nitrite) on solution of solution give a pp. of rosoo-pyrophosphate on 
Ck}2N0, or CoSO,; dark-coloured solutions are addition of sodium pyrophosphate; potassium 
thusfonned.fromwhichtheoroceo-saltsseparate ferrocyanide also gives a pp. with these salts; 
in yellow crystals mixed with Co(OH)2. these reactions serve to distinguish roseo- from 

Croceo-cobaltio sulphate purpureo-salts (Jdrgensen, J. pr. [2] 81, 49) 

Co.(NH,),(N 03)4.S04. FreparedbyaddingNHjAq The roseo-salts show many analogies— $.g. ii 
and (NHJnO, to CoS04Aq, and recrystalliaing crystalline form, methods of formation, an< 
from hot dilate H,S04Aq. Tellow lustrous general reactions—with the dodecammonio- (o 
tables; large wine-red crystals from dilute solu- luteo-) salts Co2(NH,),^4. Jdrgensen (/. jpf 
tions. 81. sol. hot or cold water. The other [2] 31, 49) regards the roseo-deoamines as luteo 
important croceo-salts are represented by the salts in which 2NH, is replaced by 2H2O. Boseo 
following formulffi, where M » Co,(>1113)4(^02)4: chloride, nitrate, oxalate, Ac., in aqueous solution 
Chloride H.Cl,; forms double salts M.Cl,.PtCl4 react with BaOI,Aq and Ba(NO,),Aq to give onl 
and ]li.Cl,.2AaCl,; Bromide Chromate roseo-salts. Boseo-chloride is sofubleind'^ph 

M.CSrO,; BidtromafeM-CrjO,; J^ritrafeM.(NO,),; water at 10^ while purpureo-ohloride reqmrc 
Bertod^ M.I,.l4. 287 pts. water for solution at 10^. Aqueous sc 

Series III. Bscauihbs, or Beoammokio- lutions of the two chlorides often give differet 
ooBALTm SALTS, C0,(NH,),,&,. This series compounds by reacting with the same re agent 
oontaina very many compoanas; these com- e.g.\ 

Wilh BiClft.roseO’Chloride gives M.Cl,.2PtG1..5H20; saL^purpureo-ehloride gives M.Ol4.2PtOl4. 

„ And, „ < „ M.01,.2AaCl,.2^0; „ h *> M.Cl4.2AaCl,. 

„ „ M.(C,04),.6a20; „ „ „ U.Ol^{Oj:)dr 

M- Co,(NH,)„. 


pounds are well-marked and stable bodies, fre¬ 
quently obtained from cobaltamines by decom¬ 
posing these by acids. The series is arranged in 
three divisions: the roseo-, the purpureo-, 
and the xantho-salts. ^e following are 
typical representatives of these divisions: rogeo *' 
eobaUic chloride Co,(NH,)t,CI,(H,0),; purpureo- 
cobalUc cAlorufr Ck)^NH,),,Cl«; xantho-cobaltic 
ehlofide Co.(KH,),,(NOc)Xl^ The roseo- and 
purpo^-salts differ in we qoantities of water 
they contain, the pnrporeo-salts are generally 
anhydrous, the roseo-suto asuallyoontain 2H,0; 
inasmuch as these salts fonn ver^ distinct coni- 
pounds witib different properties, it seems neces¬ 
sary to eonelode that the 2H,0 of the roseo-salts 
is not water of crystallisation, bat forms an inte- 
part of the molecule of each of these salts, 
fbs porpateo-salts are less lolabls la water than 


Boseo-cebaltle chloride Oo2(NH,)„(H30),( 
^drgensen, J. pr. (2] 18, 209; 81,49; Gibbs 
Genth, Researches on the Ammonia-eobalt bat 
[Washington, 1856}; Mills, P. M. [4] 85, 24 
Geuther, Lehrbuch Chemie, 44^. Obtain 
from an ammoniacal eolation of CoOl, by oxid 
ing in air, Or by EMja04Aq (Mills), and p] 
by HGl, avoiding rise of temperature; also 
digesting purpureo-ohloride (q^o.) with dih 
HCLAq, or by dissolving the same salt in NH,. 
and ppg. by HCl in the cold (Jbrgensen, 1. 
Geuther, 1.0.). A red, dichrolc powder, appear 
orystalline under t^e microscope. Loses 2£ 
at 100®, giving purpureo-ohloride. Soluble 
4*8 pts. water at 10®. Very unstable, easily go 
to purpureo-ohloride. Forms a gold salt, M.2Aa( 
by reaction with AuCl,NaCi: forms three Pt sai 
M.PtCl4.aH,0. M.aPtCl4.H,0,andM.8PtCn,.62 
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(ltxgmsm,U.): terms t*o Hg aalts: M.2HgCL 
and M.6HgCa,.2HjO (Jorgensen, It). 

[M- CO,(NH,)„(OHJ,oL. 1 
^bbs ( 1 . 0 .) describes a yellow form of roaeo- 
chloride obtained by decomposing the yellow 
term ot roseo-sulphate (j .«.) by BaCl^q; this 
term does not yield pnrpureo-chloride by reaction 
with HGlAq. 

Boseo-ocbaltic sulphate 

Co,{NH,)|,(H,0)j(SO,),.3H.jO (Premy, A. Ch. [8] 
35,257; Gibbs a. Genth, Research^ on the Am¬ 
monia-cobalt bosesJWashington, 1866]; Gibbs, 
P. Ani. A. 10, 1; 11,1; Braun, A. 138, 109; 
112, 50 j JSrgensen, J. pr. [2] 31, 49 ; 35,417). 
Obtained by adding the proper quantity of 
HjSOjAq to a solufion of roseo-carbonate, and 
evaporating over HBO„ or ppg. by alcohol; the 
roseo-carbonate solution is prepared by decom¬ 
posing purpureo-ohloride or bromide by AgjCOj 
(Genth, A. 80, 275; Claudet, P. M. [4] 2, 253 i 
J.irginsen, J. pr. [2] 18, 209; 19, 49). Eoseo- 
sulpliate terms reddish crystals ; soluble in 
94'G pts. water at 17°. and in 58 pts. water 
at 27°. Two other terms of the sulphate are 
described by Gibbs a. Genth (P. Am. d. 10,1: 

11 i\. e_ 


with cone. H,S04, nor i« it pptf by AgNO,Aq 
even oii warming (JSrgensen). It is convenient 
to consider the purpureo-salts in four main sec¬ 
tions: theehlor<purpureo-salta Co,(NH,),.Cl,.Br„ 
the bromopurpureo-aalta Coj(Nm,,Br,B‘, the 
mtrato^wpareo-ealte CI04(NH,)„(NO,)j.Ei,, and 
the aulphato-purpureo-aalU Cm(NH,),.(SOJ.B‘.. 

Chloro-purpureo-cobaUio ohloride 
Oo4(NH4),„C1j. 01, (MiUs, P. M. [4] 85, 246: 
Pornmbaru, 0. B. 91, 933 ; 93, 342; Genth, d. 
80, 276; Claudet, P. M. [4] 2, 253; Terrell, , 
C. R. 62, 139; Braun, A. 138, 109; 142, 60). 
This salt is termed when an ammoniacal solu¬ 
tion of GoClj is allowed to oxidise in the air; 
boiling with excess of HOAq pps. the salt as a 
carmine-red powder. The reaction of HOlAq or 
NH,ClAq with very many oobaltamines pro¬ 
duces this salt. Instead of oxidising 0o01,iii 
NHjAq in air, which process takes a long time 
to accomplish, it is advisable to use KMnO.Aq 
(Terreil), bleaching powder (Mills), or ozoni^ 
turpentine or indigo-blue (Braun). Chloro- 
purpureo-chlorid^ is a carmine-red crystalline 
powder; in larger crystals it appears carmine- 
red to black; these crystals are tetragonal 


11, 1); they differ chiefly in solubility from ; pyramids, isomorphous with roseo-chloride; 
the ordinary term. An acid rouo-aidpJtate ' they are dichroic; S.G. 2a 1-802; sol. 287 pts. 
Co,(NH,)|4(OH);(SO,)4.2U.SO,.HjO is described j water at 10-2°, 255 pts. at 11-5°, and 244 pts at 
by Fretny {l.c.) {v. also Jorgensen, l.c.}. The : 16-5° (F. Bose); insol. alcohol according' to 
normal sulphate forms a gold and also a Pt salt: i Fremy (A. Ch. [31 35, 267). An aoueous or 
M ISO IPh oanf.l /va. aqueous or 


M.(SO,),C4.2AaCl, and M.(SO,),Cl,.PtCl, (J6r- 
' geiisen, i.c.) (M- Coj(NH,)„(OH,),,). 

The chief salts of the roseo- division besides 
the chloride and sulphate are represented by the 
following formula), where M = COj(NH,)|,(H .0);:— 
Dichromalc, M.(CrjO,),.8HjO (Gibbs). Bromide, 
M.Br. terming Pt salts with 2PtBr,.211,0, and 
3PtBr,.4I^O (Jdrgeneen). Iodide, M.I„ (Jorgen¬ 
sen). Afifmte, M.(NOj)„ (Gibbs; Jorgensen); 
forming a Pt salt, M(NO,),Cl,.2PtCl,.211,0. 
Nitrate-sulphate, M.(NO,),,(SOj, (J.). Oxalate, 
M.(Cj0,)a.4H,0. Sulphato-oxalate, 
M.(e,0,).,(S0,).S0,.2a,O (Gibbs a. Genth). 
Orthophosphates, M.(P0,),.H,P0,.4H,0; 
M.(OH),(PO,H).,.2H,0 (J.). Pyrophosphates, 
M,,.(P.,0,),.12H,0; M.(P,0,H), (J.); also 

M.(P,0:Na)j.23H,0 (Gibbs, Braun, Porumbaru, 
C. R. 91, 933; 93, 842). Bromo-sulphate, 
M.Br.,(S0 j,; formsagold salt M.Br,(SO,),.2AuBr, 
(J.). lodoaulphate, M.I,(SO,)2(Krok, Actof/nivers. 
Lund. 1870). SulphiU, M.(S0,),.3H,0 (Gibbs); 
forming a double salt M.(S0,),.C0j(S0,),.9tt,0 
(Kunzel, J. pr, 72, 209; Geuther, l.c.}. 

Division II. Purpureo-cobaltic salts. 
Co,(NH,)„E' 4. These salts are the moat stable 
of all the oobaltamines. They are formed from 
the roseo-salts by heating with cone, acids, or 
oomotimos by continued'digestion wiUi cone, 
acids in the cold; also by the acticgi of acids on 
fusco- and xanlmi-cobaltic salts. The purpureo- 
salts are generally anhydrous ; they are leas 
soluble in waterfthan the roseo-soits, into which 
salts they are changed bj- prolonged digestion 
with dilute acids. Solutions of purpureo-salts 
are decomposed by boiling with alkalis, giving 
pps. of Co,0|.8H.,0. These* salts probably con¬ 
tain two acidic radicles more closely asso¬ 
ciated with the rest ot the salt than the other 
teur radicles; e-g. they form xantho-salts 
®?>(^^H,)„(N0J3'4: again, chloro-purpureo-sul- 
phate Co,(NH,)„Cl,(SOJ, does not give HOI 


alkaline, but not an acid, solution, pps. 
COjO-ySH^O on boiling. Heated in air GoOl, 
and Co arc obtained; at a higher temperature 
with free access of air COjO, is produced. Many 
double salts of chloropufpureo-chloride are 
known, e.y. M.Cl,.2PtCl,; M.01..2AuCl,; 

M.Cl,.6HgC4; M(SiF.). [M - Co,(NH,)„CU. 

The other chief salts of the chloropuspureo- 
section ot purpureo-cobaltic salts are the fol¬ 
lowing :— 

M=»Co,(NH,),.01,. 

Bromide, M.Br,; doublesalts, M.Br,.2PtBr,. 
(M.Br,),.9HgBr,. 

Iodide, M.I,; doable salts, M.I,.4HgI« 
M.I,.2Hgl4. ^ 

Carbonates, M.(COJ,H.O. 

Chromate, M.(CrOJj (Jdrgensen, J. pr. [2] 18, 
209). 

Bichromate, M.(Cr,0,), (Jdrgensen). 

Nitrate, M.(NO,), (8.). 

Oxalate, M.(C,0,), (J.). 

Pyrophosphates, M.(P,0,).a:H,0; 
M.(PjO,).H|PjO, (J.); double salts, 
M.(2PO,H.6MoOX M.(2PO.NH,.5MoOJ (W. 

Sulphates, M.(SO,).4BLO; M.(SOJ,; 
M,.(SOJ.(HSO.). (J.). 

Dithionate, M.(S,0,), (J.). 

Thiosulphate, M.(S,Oj, (J.). 

•Tartrate, M.(C,H,0,),.6H.O (J.j. 

Brcmo-purpurec-cobsitic bromide 
Co,(NH,),jBryBr, (Jdrgensen, J. pr. [2] 10,49). 
Obtained by oxidisidg ammoniacal OoBr^Aq and 
heating with HBrAq; or by heating roseo- 
snlpbate with cone. HBrAq, and in other ways. 
Blue-violet, dichroic, microscopic octahsdn; 
from solutions in very dilate i^rAq separates 
as large black octaheiba. S.G. 2-488. Lees 
sol. water than the ohloride; 1 pt. dissolves in 
630 water at 16°; insol. HBrAq, EBrAq, and 
alcohol, but si. sol. in warm water acidolated 
with HBr, long digestion with tills liqnid pro- 
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dooes Toseo'^omide; dei^ompoa^ to bromo- 
puTpuroo-cbloride by digestion with excess of 
&gCl \ A%0 01 AggGO, produces solutions of roseo- 
hydroxide and carbonate respeotirely. Forms 
double salts, e.g. M^T,.6HgBr,; M.(SiF,),; 
M.Br,.2PtBr, [M « Oo.,(NH,),^r30. 

The following are the chief salt/ of the 
brwnopwrnureo- section of parpureo*cobaltic 
compounas: 

M-Co,(NH,),,Br^ 

CA{(>n^,M.Cl4; double salts, M.Cl4.2PtGl4, 
lf.Cl,.6HgClj (J.). 

Chromatr, M.(Cr04), (J.). 

Niirate, M.(NO,). (J.). 

OxalaU, M.(C,OJ, (J.). 

SufyhaU, M.ISOJ, (J.). 

IHthionaU, M.(S,oj, (J.). 

HitratO’parpureo-cobaltic nitrate 
Co,(NH,)„(NOJa.(NO,), (Genth, A, 80, 275; 
Fremy, A. Ch, [3] 35, 267 ; Gibbs, Researchest 
^80 P. Am. A. 10,1; 11,1). Obtained by 
dissolving CoCO, in the minimum of warm 
dilute HKOjAq, adding twice the volume of 
cono. NH,Aq, boiling with addition of 127 ms. I 
for every 59 pts. Co used, littering after I is all 
dissolved (from ppd. luteo-salt), and warming 
the filtrate with HNO,Aq, whereby I is changed 
to HlOt and tbo nitrato>sa!t separates out (Jdr* 
genaen, J, pr. [2] 23, 227). Bed powder with 
shade of violet; 1 pt. dissolves in 273 pts. water 
at 16®; decomposed by boiling with water, giving 
Oo,0«.8H,0. The nitrato-salts are more easily 
changed by hot water to roseo-salts than are 
the i^loro- and bromo-purpureo salts. Basic 
nitrates are known; Co.(NH3),fl(OH)2(N08)4.6HjO 
(Gibbs); and Co2(NH,)i,(OH)(NO,)j {Kiinzel, 
Xi»'.72, 209). 

The following nitrato-compowids form the 
mcro important members of the section: 

M:-C02(NH,)„(N0,)2. 

CAtoride, M.C1,; double 8aU8,M.Cl4.2PtCl8, 
M.Cl,.2HgCl2 (J.). 

Brnmide, M.Br, (J.). 

OhromaiSt M.(CrO,),. 

Dichromate, H.(Gr30,)}.2H30 (J.). 

Oxalate, M.iCjOJa (J.). 

SulphaU, M.(S04)3.2a20 (J.). 

Dithionate, M.(S208)2.21l20 (J.). 

Diamine-pohalt nilrUe M.2[Co2(NH,)4(NO,)J 

(d.). 

Bnlphato-pnrpnreo-cobaltie sulphate 
Co.(NH,),-(SOJ.(SO,) 3.H20 (Gibbs, P. Am. A. 
10, 1; 11, X; Jorgensen, J*. pr. [2] 31, 202). 
Obtained by adding alcohol to an o;tidised 
ammoaiacaf solution of CoSO, (Gibbs), or to a 
2tp.o. aqueous solution of the acid sulphate 
Co,(NH,),,( 804).(804[80^H]3).4H20 (J.). Violet- 
red, mioroscopie, oiehroio needles; v. sol. 
water, from which solution roseo-sulphate 
separates on evaporation. Forms a Pt salt, 
Co2(NEy,8(S04).S0..01rPtC1..2Q,0, The chief 
sulphato-salts are we following: 

M«Oo5^aL(SOJ. 

Bromiie, M.(SOjBr. (J.). 

NU^, U.{BO^)QSOX (j.) 

A few other purporeo-cofiaitie salts are known 
betides those belonging to the foot sections 
already described; the ^ef are 

Purpureo-cobaltio iodidSt 
Co,(«:if,Ai, (A, J. or. [S3 81.262). 

rurpur$0’Cobaltic phromah «&a di’ 


chroma Coj(NHj)„(OH),(CrOJ„ 
Co,(NHj)„{CrjjO.),.H,0 (Gibbs). 

bivisioff III. Xantho>cobaltic salts. 
These salts are derived from the purpureo- 
compounds by replacing one-third of the acidic 
radicle by the group NO,; they may be called 
mtro-purpureO‘ salts, COj(NHj),^,.(N 0 . 2 ) 2 . These 
salts are produced by the action of nitrous acid 
or nitrites on ammoniacal solutions of cobaltoua 
salts, or on neutral or acid solutions of purpureo- 
or roseO'Cobaltio salts. The xantho-salts are 
yellow or broit^nisb yellow; they are more soluble 
in water, and more easily ddbomposed b^ water, 
than the other salts of the dooamine senes. By 
reacting with mineral acids they form purpureo- 
salts. The following are* the chief xantho- 
salts :— 

(Gibbs a. Genth, Researcltes on the Arntnonia- 
cobalt bases [Washington, 1856]). 

M = Co 2 (NH,),o(N 03 ),. 

CAZorids, M.Cl.; double salts, • 
M.Cl,. 2 AuCl 3 . 2 H, 0 ; M.C1..2PtC1..2^0 J 
M.C1..4HgCl2.2HA 

Iodide, M.I,. 

Chromate, M.{Cr0.)a.2H,0. 

Dichromaie, M.(Cr.p,),. 

Oxalate, M.(C 204 ) 2 . 

Sulphate, M.(SO,) 5 . 

Jodo-sulphate, M.l 3 (S 04 ). 

Nitrate, M.(NO,).. 

Chloro-nitrate, M.CyNO,),; double salts, 

M.Cl2(NO,)2.2AuCl,; M.CL(NO,)3.PtCl4, 

Bromo-nitraU, M.Brj(NO,)a. 

Nitnte, M.(N 0 ,) 4 . 4 H ,0 ; double salt, 
M.(N 05 ) 4 . 2 (Co.(N 03 )j. 

Series IV. Dodkcamikeb, or Dodkoim- 

MOKIO-CODALTIO BALTS, OF LuTEO-COBALTIO 8AL1«, 

Co 3 (NH,)„B<,. These salts are formed, along 
with other eobaltamines, by the oxidation of 
ammoniacal solutions of oobaltous compounds, 
especially in presence of much salammoniac; 
they are also produced by treating fusco-cobaltio 
salts with dilute acids, and by boiling rosqo- or 
purpureo-cobaltic salts with ammonia. The 
luteo-salts are yellow to bronze-yellow in colour; 
easily crystallisable; generally more soluble in 
water than the corresponding roseo-salts. Acid 
solutions of these salts are stable; aqueous and 
alkaline solutions are decomposed on boiling 
with ppn. of Co,08.3H20. Those luteo-salts 
which contain water of crystallisation effloresce 
in air or over H 38 O 4 in vacuo. The Inteo-salts 
are closely analogous to the roseo-salts of the 
deoamine series, Co 2 (NH 3 ),o(OH,) 2 B 8 ; the crys¬ 
talline forms of many luteo- and roseo-salts are 
the same; the solubilities are similar; both 
series of salts give similar pps. with K 4 Fe(CIN) 8 Aq 
and NaiPjOrAq; habid salts of both series are 
decomposed by Ag salts giving up the whole of 
their halogSn. Ammonia reacll differently with 
the two aeries; the roseo-salts are dissolved 
with formation of basic compounds, while the 
luteo-salts are unchanged. Jdrgensen (J,pr. [2] 
81, 49) regards the luteo-salts as roseo- com* 
pounds in which 2B,0 has jeen replaced by 
2 NHy c 

luteo-cobaltie eblorids Oo,(NH,)„CI, (Mills, 
P. M. [4] 86 , 246; Genth, A. 80, 976 ; Braun, 
A. 188, 109; 143, 50; Jdrgenian, /. pr. [2] 86 , 
417). Obtained by heating an amm^acal 
solution of CoOl, in presence of KH|C 1 sai4 *a 
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iQoh u PbO«, MnO„ of EMqO^ ; olso by 
digeiiing pufpofoo^hlorido with KHtAq to 
60^-60^ in ft oloBod tnbOi and in^othef waya. 
Bod*yelIow, diohroic, moooelimo crystals; 8.G. 
1*7016 at 20°; when dry it is nnchanged in 
air at 180°; solnble in 16*8 parts water at 11*4° 
(F. Bose); crystallises from hot water on cooling; 
aqaeoas solotion is ppd. by alkali chlorides, 
mineral acids and alcohol; unchanged by beat* 
ing with cone. HOlAq at 100° in a closed tube; 
slowly decomposed by heating with NHsAq, 
more rapidly by EOl^Aq. Forms various do u b le 
salts of which the chief areM.2AuGI, 
(JbrgensenK M.2PtCh.H,0, M.PtCl,. 2 H 40 , 
M.SPtCh.CHjO, M^.8PtCh.4a,0, M.2HgCL„ 
M.6HgGl3.2KO. M.^d 01,.10H,0 (J.; also Braun) 
[M-COa{NH,)„ClJ. 


Lnteo^baltie sulphate 

Co,(NH|),.(SO(),.6H,0. Obtained by passing air 
for sime d^s into an aminoniacal solution of 
GoSO, and doGl, m^ed with NH^Gl, treating the 
yellow pp. of luteo-ohloride and sulphate which 
forms with hot water, adding Ag.,.S 04 ^nd a few 
drops of H^SO^Aq to the solution, and crystal* 
lising by evaporation (Gibbs a. Genth, Researches^ 
<&c.). Also by rubbing together luteo-ohloride 
and Ag^O with water, filtering, acidulating the 
filtrate with HjSOf, and evaporating (Jdrgensen, 
pr. [2] 36, 417). Yellow, rhombic, dichrolo, 
crystals; slightly soluble in cold, more soluble 
in hot, water; loses 4H^O over ; aqueous 
solution is only slowly decomposed on boiling; 
not ppd. by acids from aqueous solution. Forma 
double salts with sulphates of Co and La; 
M.3LaSO,.H,0, M.3Ceao,.H.O. M.Ce.,(SO,),.!!,0 
(Wing, Am. S. 49,3C3). [M - Co*(NH0,,(SO,),]. 

The chief luteo-salts besides the chloride and 
sulphate are the following : - M COj(NH,), 2 . 

Carbonate, M.(COa)j.VH..O (Gibbs a. Genth, 
Researches, do.). 

Chromatet, M.(Cr 04 ),. 6 H ,0 (G. a. G.). 
^Oichromate, M.(Cr 20 ,) 3 .xH 50 . 


Bromide, U.BTfi double salt, 
M.Br4.2PtBr4.2H,0 (Jdrgensen). 

Iodide, M.I, (J.; G. a. Q.). 

Nitrate, M!(NO,)4; doable salt, 
M.(H0,)2.Cl4.2PtCl4.2H30 (J.; also Fremy.d.CA. 
[8] 86, 257). 

Nitrato-sutphate, M.(NO,),.(S04)j (J.). 
Oealate, M.(0,04),.4H,0 ; double salt, 
M.(C,04)a.Ci,.2AuCh.4H20 (G. a. G.). 

Phosphates, M.(P0,)2.8H»0 (J.); 
M.(P0,H),.4H20 (J.); M.(P,0,Na)2.23H,0 (J.); 
M.(P,0,),.20H,0; M.(P,0,H), (J.). 

ChlorO’Sulphate, M«(S04)2.Cl2 ; double 
salts, M.(SOj2.CL.2AuCl3, M.(S04)j.Cl2.2HgC4 
(J.; G. a. G.« 8&W, A. 123, 1; 121, 124; 
Krok, Acta Univ, Ltmd, 1870). 

Bromo-sul^fuite, M.(S04)xBr, (J.); doable 
•ftlt, M.(S04),Jlr,.2AnGV 

I6do~8tUphat4, M.{S04}gIt (Erok). 

Double salts of nitrUi, sulphite, and di- 
ihionate, M.(NO,)-.Co,(BO,), (Sadtler. Am, 
5.49, 198); M.{86j,.Co,(BO 0,.2H,O (Geuther, 
A, 128,158 ; Kfinzd, J, pr. 72. 209) ; 
M.(8O0..2Go,(SO,),. 16H,O (Genther, Etlnael); 
8[M.(B,OJr(6B)J;0^S«O^r(0H).(O.i alsoE.). 


COBALTAMINE 8 KOT INCLtJDED IN ANT 
OF THE FOEEGOING GLASSES. 

Erdmann’s salt Ooj(NH,)*^(NOJ,K, (Erd- 
mann, J.pr. 97,405). Brown, instrous, prisms, 
separating from a solution of CoOl, in presence 
of much^NH.Cl on addition of KNO,. Solutions 
of this salt {pve pps. of analogous compositions 
with solutions of many metallic s^ts, ea. of 
Pb, Hg, Ag, T1 (Gibbs, P. Am. A. 10,1; 11,1). 

Uelano-oobaltio chloride 
Oo 2 (NH})^NH,OLCl 4 (P. Rose; Vortmann, S. 10, 
1461; 16, 1890). Greyish violet, very hygro- 
Boopio, crystals; obtained by oxidising an am* 
moniaoal solution of a oobaltous salt, adding 
HCLAq, filtering after an hour or so from pur- 
pureo'ohloride, and dropping the filtrate into an 
equal volume of ioe-cold fuming HGlAq. This 
compound forms double salts, and derivatives, 
especially MJCl 4 .PtCl 4 . M.(OH),.Ol,.PtCl 4 . 
M.( 0 H},.Gl 2 . 8 HgGl 2 .H ,0 (Vortmann). 
[M-Co 2 (NH,) 4 .NH 2 C 1 .]. 

Ammonie-oobaltio oxychloride 
Co,(NH,) 20 ,C 45 S ^0 {Fremy,d.OA. [ 8 ] 86,267). 
Black crystals; obtained by exposing ammo* 
niacal CoCl^Aq to the air for some months, 
boiling with NHjAq, filtering from purpureo- 
ohloride, and boil^g again. M. M. P. M. 

C0BALTATE8. When CoO, Co(OH) 2 , or 
CoGO, is dropped into parts molten potash, 
a blue colour is formed which after a time 
changes to brown; if fusion is continued until 
dark-coloured crystals begin to form, the 
mass is then allowed to cool and treated with 
water, thin, black, lustrous, six-sided tablets 
remain. These crystals have the composition 
(Co,Oj) 3 .Kp.a;HjO; according to Sohwarzenberg 
a;« 8 , or if the crystals are dried at 200 ° a;«>l 
{A. 97, 212; also Mayer, A. 101, 266). Von 
Pebal {A. 100, 267) says that all water is ]«• 
moved at 100°. The crystals of potassium 
cobaltate are insoluble in water; they are de¬ 
composed at a little over 200 °, water then dis¬ 
solves out K,0 and GOjO, remains. Mayer ^.) 
says that long-continued washing or bouing 
with water removes potash from the original 
crystals, and that dilute HClAq removes Go 
(c/. also Russell, Pr. 32, 258). M. M. P. M. 

COBAITZ-OYANXBES and C0BALT0-C7AN- 
IBES V. Otanioss. 

COBALT COLOOlUIIQ UAITBBS. Addi- 
tion of a Go salt to potash glass produces a deep 
blue colour. Boasted Go ore is fused with 
pearl-ash and quartz-sand, the molten mass is 
poured into water, and then finely powdered; it 
18 used as a colouring matter under the name 
of Smalt. Smalt is essentially a doable silicate 
of Go and E approaching the composition 
OoO.KjO(SiO,) 4 . CobalUvitramturine or Thi- 
naid's blue, mid Ocandeum, are essentially salts 
of Go chiefly phosphates and arsenates. Cobalt’ 
green or Rir»nan)t green oontaim^ Co and Zn 
oxides, and sometimes a litUe As^Og; it is jpre* 
pared by evaporating mixed solutions of Go and 
Zn salts and strongly heating the residue. (For 
‘details of these colouring matters v. BioixoiuaT 
09 TSOBiaCAL OHSKUTBT.) M. M. P. U. 

GOBEA POISON (A. Pedler, Pr. 27, 17 1 
Blyih, Analyst, L 204; Warden, 0. N. 64,197). 
Two-thirds of the organic matter in the poison 
of tripudiant is U aHnuninoai Qlu^t«r» 
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Ottiufi ppd. by aloobol, the poieonoas eubatanoe 
It soluble in alcohol. is not an antidote^ 
bat EGl retards tiie phyaiological aotiont while 
Ed and platinio chloride form a salt, 
(C|;H^ 40 ^Cl)gPtCl 4 (?h which is notpoisonous. 
AuOl, and ESfn 04 mizea with the poison before 
ii^ection preyent death; but after the poison 
hu been injected, the subsequent injection of 
these liquids will not prevent death (T. L. Brun- 
ton a. Sir J. Fayrer, iV. 27,465). A poisonous 
crystalline substance may be obtained by dia¬ 
lysing the poison. 

COCAINE Ci,Hj,N 04 . Benzoyl-methyl- 
ecgonine. [98®]. S. *14 at 12®. 

Occurrence.—In the leaves of Erythroxylon 
Coca of South America (Niemann, Ar, Ph. [2] 
108,120,291; A. 114, 213). These leaves are 
chewed by the inhabitants. 

formation.—In small quantity by heating 
together ecgonine, benzoic anhydride and 
methyl-iodide at 100® for 10 hours (Merck, B. 
18, 2052). 

Preparations,--!. Coca leaves are digested 
with ether t the ether is evaporated and the 
residue extracted with boiling water; the solu- I 
tion is mixed with magnesia and evaporated and 
the eocene extracted by amyl alcohol (Tru- 
pheme, C. C. 1881, 447).—2. The leaves are 
extracted with alcohol, colouring matter is ppd. 
by lime, and the filtrate evaporated to a small; 
bulk and mixed with water. The alkaloid is i 
then ppd. by K^GO, and dissolved in ether and ; 
decolorised by animal charcoal (Schull, Ph, [8] 
10, 408). 

Properfica.—Small monoclinic prisms; a:b:c 
•.l*186:l:l-223; 8«73® 60' (Tscheraiak, Sitz. 
W. 48, i. 34); v. si. sol. water, v. sol. hot alcohol | 
and ether. Cone. H 2 SO 4 dissolves it without 
colour. It produces insensibility to pain in the 
tongue, eye, or other part touched by it. Taken 
intemally it acts somewhat like opium (Ken¬ 
nedy, Ph. [ 8 ] 10, 66 ; J. Gra.^set, C. R. 99, 983, 
1122; 100,864; Richard, 0. B. 100,1409 ; Laf- 
font, C.B. 106,1278; Sighicelli, C. C. 1887,1150). 
An inieotion of cocaine acts as a cerebro-spinal ! 
stimmlant or anti-narcotic (MossO, Ar. Ph. [3] 26, \ 
179). Solutions of salts of cocaine are ppd. by ; 
KOU,NH|, and Na^COa; the pp. is soluble only 
in a large excess of KOH, but insol. NH,. Am¬ 
monium carbonate gives a pp. sol. excess. Picric 
acid, tonnin and HCl, potalsio-mercuric iodide, 
iodine solution, SnCls, AuCl^, and PCCI 4 also give 


ppg. ^ heating with cone. HCl cocaine is split 
np into ecgonine methyl alcohol, and 

benzoic acid (Lossen, A. 133, 851). Cocaine, 
freshly ppd. by NH, and left under water, slowly 
decomposes forming MeOH and benzoyl-ccgonine 
(Paul, Ph. [8] 18,783). The specific rotation in 
chloroform solution at 20® is given by tk.e 
formula: (16*827+ '00586 q), where 

q « weight of emorofonn in 100 pts. by weight of 
the solution, and the tube is ^00 ifim. long. If 
q-0 then [«3 d--16-827. 

Salts.—BBICI: the melting-point varies 
in difierent pr^arations between [181®] and 
[185®]. For its medicinal employment its abso-' 
lute purity is essential, and this is best deter¬ 
mined by its spe^c rotation. In dilute 
alcoholic solunon at 20®, with a tube 100 


mm. long, the spedfio rotation is given by I 
the formula : • - (62*18+*1688 q), and j 


Mb--( 67'982--16827o). where q-weight oj"! 
dilute alcohol of S.G. ^ *9368 (mixture of 6 pts. 
by weight of absol. alcohol to 9 pts. bv weight of 
water) in 100 pts. by weight of the solution, and 
0 - weight of cocaine hydrochloride in 100 pts. 
by vol. of the solution. When q-O, then 
[a]„»=-62‘2; when q» 100, then [a]D*»68’0 (An- 
trick. B. 20, SIO).—B' 2 HjPtCl 4 .—B'HAuCi 4 .— 
B'HjCjO,: feathery crystals. 

Amorphous cooaine. An amorphous alka¬ 
loid accompanies coca^fne in coca-leaves. It is 
v. sol. alcohol And ether. Its hydroohlcride is 
amorphous, and its solution^partially decom¬ 
poses on evaporation, becoming acid (Paul, Ph. 
[3] 18, 784). According to Hesse {Ph. [3] 18, 
71) this base is isomerlo with booaine (e/. Stock¬ 
man, Ph. [8] 17, 861; Howard, Ph. [8] 18, 71} 
Bender, C. C. 1885, 490. V. aho Ecoominb). 

C0CATANNICACIfiC,4H,«O,. [189®]. Occurs 
in coca leaves (Warden, Ph. [3] 18,985). Gives 
a red colour with KOH. FeSO, and Fe^Cl^ ^ve 
a dark-green colour. Pb(OAc)^. gives a rose-red 
pp. It reduces alkaline silver solution, but not 
Fehling’s solution. Potash-fusion gives butyric 
and traces of benzoic acids. 

COCCERIC ACID OaiHa^O^. [93®]. Formed, 
together with cocceryl alcohol, by saponification 
of coccerin, the wax of cochineal. White crys¬ 
talline powder. Sol. hot alcohol, ether, benzene, 
&c., si. sol. the cold solvents. On oxidation 
with CrO, and acetic acid it gives pentadecoio 
acid, the same product as from cocceryl alcohol 
(Liebermann a. Bergami, B. 20, 964).—A'^Ca 
and A'jBa: flocoulent pps. 

Ethyl ether k"Et. [c. 70®] (Liebermann, 
5.18, 1980). 

COCCERIN C2oH,,(O.C„H„,02)2. Cocceryl coc- 
cerate. [106®]. Occurs in cochineal in quantity 
varying from 1 p.c. to 4 p.c. and is obtained by 
extraction wth benzene. The cocoons of the 
cochineal insect consist of coccerin to the extent 
of 'j of their weight (Liebermann, 'B. 19, 328). 
Thin glistening plates. SI. sol. all cold sol¬ 
vents, nearly insol. alcohol and etlier. On 
saponification mth alcoholic EOH it gives coc¬ 
ceryl alcohol C 34 H 4 o(OH)j and cocceric acid 
C„H4.,0, (Liebermann, B. 18,1976). 

COCCERYL ALCOHOL C24H«,(OIi)2. [101®- 
101®]. Formed, together with cocceric acid, by 
saponification of coccerin, the wax of cochineal 
(Liebermann, B. 18, 1976). White crystalline 
powder. On oxidation with CrO, and acetic acid 
it gives pentadecoio acid CuHjbOj and probably 
also an acid C 9 oH„ 0 ,. 

Acetyl derivative C 9 oH 5 (,(OAc)a; [60®]; 
crystalline solid; v. sol. ether, warm alwhol, 
and acetic acid; v. si. spl. acetone. 

Benzoyl derivative OwHaa(OBz)j; [62®]; 
crystalline solid; v. sol. ether, warm alcohol, 
and acetic acid, v. si. sol. acetone (Liebermann 
a. Bergami, B. 20,969). ^ 

COCOININ V. CxBtfiHio Aoxn. 

C0CC06N1N A crystalline sub* 

stance occurring in the seeds of Daphne Meze» 
reutn. 81. sol. water^v. soL alcohol and ether. 
May be sublimed, when it emits an odour like 
coumarin. Boiling dilute H^SO, forms no gin- 
cose from it (Casselmann, Z. [2] 6,681). 

COOOtnilN Occurs in oocoult^i 

indicus. Found in smul quantities in the pre* 
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pArttlon of piorotoiin ({•v.K from whioh it can | 
^Mparsted by means of absolute ealcohol, and ' 
reorystallised from hot water acidulated with 
HOI. Oono. HjSO* colours it pale yellow, dis¬ 
appearing on stirring (LOwenhardt, A. 223,353). 

COCBTHYLIKB C„H«NO«. [109®]. Ob¬ 
tained by heating benzoyl-eogonine with ethyl 
iodide for 8 hours ^t 100®. Splendid glistening 
prisms. Has an ansssthetio action. Pt0l4 gives 
with very dilute solutions of the hydrochloride a 
yellow pp. of the platino-ohloride B', 2 H,C 4 PtCl 4 , 
wbioh crystallises ftom a large quantity of hot 
water in glittering yellow rhombio plates. AuGl, 
gives a very sparingly soluble yellow pp. HgClj 
forms a white pp., % sol. hot water (Merck, B. 
18, 2964). 

COCHLEABIA OIL. The essential oil of 
scurvy-grass (CochUaria officinalis) is isobutyl 
thiocarbimide (Hofmann, B, 7, 608). 

C(^0A NOT OIL or cocoa butter. The fol¬ 
lowing acids have been described as present in 
the product of sapAiification of this fatty oil: 
hezoic, ootoic, deooio, laurio C, 2 H 2402 , an iso- 
merid® of laurio [68®], trideooic myris- 

tic, palmitic, stearic, oleic, and arachio acids. 
Kingzett (0. J> 33, 38) also found an acid 
C„H,jgO, [72®] (Bromeis, A. 36, 86; Fehling, A. 
63, 399; Qcergey, A. 66, 290; Oudemans, J.pr. 
81, 367; Carr Eobinson, Tr. E. 28, 277; Traub, 
Ar. Ph. [3] 21, 19). 

CODAMINE C 20 H 2 JNO 4 . [126®] (from benz¬ 
ene) ; [121®] (from alcohol or ether). An alkaloid 
occurring in the aqueous extract of opium (Hesse, 
A. 153, 66 ; Suppl. 8 , 280). Six-sided prisms 
(from ether); m. sol. boiling water, v. sol. benz¬ 
ene, alcohol, chloroform, and ether. Cone. HNO 3 
gives a green solution. Pe.^CljAq gives a green 
colour. Cone. H 28 O 4 gives a blue colour, changing 
to green, and to dark violet on warming. NH, 
and KOH give pps. sol. excess.—B' 2 H 2 PtCl, 2 aq. 
B'HI Uaq. 

CODEINE* OjjHjjNOa. MetkyUmorphine. 
Codeia. [160®]. 8.G. 1’32. 8 . 126 at 15®, 
6*88 at 100®. [a]D--134° (in alcohol). S. 

(amyl alcohol) 16‘68; 8. (benzene) 9*60 (Kubly, 
/. 1866, 823). 

SyntJtesis.—'By gently heating morphine 
(1 mol.) with NaOH (1 mol.) and Mel (1 mol.) 
dissolved in alcohol (Grimaux, C. R. 92, 1140, 
1228; Hesse, A. 222, 210). The yield is small, 
but by doubling the quantity of Mel a good yield 
of codeine mothylo-iodide may be obtained. 
The codeine so prepared is laavorotatory; [o]o“ 
-180®. 

Preparation. —Aqueous extract of opium is 
freed from meconio acid by ppg. with CaClj, 
and the filtrate evaporated to crystallisation. 
The mixed hydroohlorioes of morphine and 
codeine are disolved in water and ppd. by am¬ 
monia ; morphine is ppd. but cod^e remains 
in solution. evaporating the filtrate codeine 
hydrochloride crystallises out (Bobiquet, A. Ch. 
[2] 61, 269; A. 6, 106; Gregory, A. 7, 263; 
Anderson. A. 77, 841; Ed. PJiU. Prans. 20, 
67; c/. Oouerbe, A. Oh. [2^69, 168; Begnault, 
A. Oh. m 68, 186; Gerhardt, Bev. Sdent. 10, 
208; Winokler, Pharm. 44, 469; Merck, 
A. 11, 279; Plugge, Ar. Ph. [8] 26. 848). 

’AnperfiM.— Trimetrio crystals (oonteining 
iq)< Aom 08| it separates in anhydrous tri- 
metrio crystals aiho i^80;l:'609 (Armni, Z. K. 


1,802). XiSTorotatory; [a]i (in aloohdi) -186®; 
(in CHOI,)- -112® (Hesse, A. 176, 191; 
Grimbert, J. Ph. [ 6 ] 16, 2961. The rotatory 
power is much affected by tne presence and 
amount of acid in solution (Hesse ; Tykool- 
mer, B. 9 T. 0. 1, 144). It is a strong base, 
reddens litmus, and pps. salts of Pb, Fe, On, 
&c. Sol. ether. Codeine is insoluble in aque¬ 
ous EOH and hardly more soluble in aqueous 
NH, than in pure water. Its physiological ac¬ 
tion resembles that of morphine. 

Colour reactions. —1. H 2 SO 4 forms a greenish 
solution which, after a week, becomes indigo 
blue.— 2 . Fe 2 CI, gives no colour.—3. H 2 SO 4 and 
FejCl, gives an intense blue (Lindo, 0. N. 37, 
Chloride of iodine gives a yellowish 
pp. in solutions of salts of codeine.— 6 . EsCrOi 
gives the chromate.— 6 . K.FeCy, gives no pp. 
(Plugge, Ar. Ph: [3] 26,793). 

BeactioTis. —1. Hot H^SOi decomposes it, and 
after diluting, NajCO, pps. ‘ amorphous codeine * 
as a grey powder [ 100 ®], v. sol. alcohol, but ppd. 
therefrom by ethe%—2. Heating with EOH gives 
off triraethylamine.—3, Heating with a large 
excess of oono. HClAq forms * ohlorooodide ’ 
CisHjoClNO,, apomorphine, and MeCl.—4. HBi 
gives * bromocodide * C^HjdBrNOj, * deoxy-co- 
Seine * OigH^NO, (sol. ether), and ‘ bromo-tetra- 
oodeine ’ CjjHgsBrN^Oij (insol. ether) (Matthies- 
sen a. Wright, Pr. 17, 460; 18, 83 ; Wright, Pr. 

19, 371, 604).—5. HI and P at 100® to 130® 
forms some amorphous substances (Wright, Pr. 

20 , 8 ).— 6 . Codeine (1 pt.) evaporated with 
HPO, (3 pts.) and water (5 pts.) is partly con¬ 
verted into dicodeine C^Hf^NjO, and tetraoo- 
deine C^ 2 H 84 N 40,2 (Matthiessen a. Wright, Pr. 
18, 87).—7. Alkaline KMn 04 expels half the 
nitrogen as NH,(Wanklyn a, Gamgee, C.J. 21, 
25).—8. PCI, forms two bases C,gHj,ClNO, and 
C, 8 H, 4 C 1 ..N 0 , (v. Gerichten, A. 210, 107).—9 
Cyanogen^ passed into a cono. alcoholic solutioi 
of codeine, forms crystals of C„H„NO,Cy,. 

8 a 1 18 .—B'HCl 2aq; radiate groups of prisms 
8 . 6 at 16-6® [o]j«-108®.—B',H,PtCl,4aq; 
light yellow powder, gradually becoming cryS' 
talline.—B'HI aq: long thin needles. 8 . 1‘8.— 
B'HI, : red crystals with violet reflex. —BTH,.— 
B'HNO,: small prisms, v. sol. hot water.— 
B'jHjCjO, 3aq: prisms or scales. 8 .3*3 at 16*6® 
200 at 100 ®.—B'H 3 PG 4 l^aq: scales or prisms.— 
B'jH,S 04 6 aq: trimetrio prisms. 8 . 8*8 in the 
cold [a]] - - 101 ® at 20 ®.—B H^SA^aq: pnsnis 
S. 6 - 6 .—B'HSCy ^aq. [100®]. Badiatinj 
needles. Chloro-aoetate B'C.AH,0,[164°].— 
Di-ch loro-acetate [166®].— 

Tri-ch loro-acetate B'C,Ci,HOy [98®].— 
Ohloro-orotonate AO,. [171®].— 

Tid-chloro-butyrate BAHAA* [178^.-- 
Di^bromo-pyruvate B'C,HAfA* 
(Dacoomo, 1884,1386). 

Acetyl dirivqtive C„H,oAoNO,. [186®] 
Prom codeine and AnA 1031 

Hesse, A. 222, 212 ).—B'HCl 2aq.— 

Propionyl aerivative 
C,,H„(aH 40 )NO,. From codeine and pro 
piomo anhydride. V. sol. alcohol, ether, an« 
benzene. Oono. H,S 04 gives a blue oolom 
Forms well-orystadlised salts.—B'HOlfiaq.- 
B'.E,Ptdr—B'HIaq.—B'HAsOiSaq (Hesse, ^ 
282 212 ). 

Butytyl Asrivafioe 0 |gH||( 04 H|d)KO; 
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Amorphous (Boekott a. Wright, 0. J. 28, IE).— 
BHCHag.-BWtOV 

Btmoyl dtrivativt 0„H„(C,H,0)N0r 
CrystolUses fromethar.—^BTSCl oq.— 

Suceinoxyl derivative 
C„E^O,(CO.OB2.CH2.CO^) Si^. Fanned b; 
heating oodeine (Ipt.) with saoeinioaoid (2 pts.) 
at 180° (Beokett a. Wright, 0. J. 28, 689). 
Insol. water, ether, and bensene.—B'HCIaq.— 
B'APtCl,. 

Oamphoryl derivative 

»0,). From codeine and cani> 
phono aoia at 180'^. Crystalline.—B^Cl 3aq.— 

Mtthylo'iodide C|«H2,NO,MeI. Prepared 
from codeine and methyl iodide, or from mor* 
phine, methyl iodide and sodinm in presence of 
alcohol. Fine needles when hydrated; hard 
voluminous crystals when anhydrous. With 
moist silver oxide yields a hydroxyl derivative 
converted by dehydration into methyl codeine 
fe.o.) gJrimaux, A. Ch. [5] 27, 270; G. R. 93, 
^l). tfy successive treatmeiu with Ac^O and 
A^Ac it is converted into Ci7H,,0, [131°] which 
orystalUses from alcohol in needles (Fischer, B. 
Id, 794). 

EihylO'iodide OjgHjjNOjEtl. Formed by 
heating codeine with £tl and alcohol at 100° 
(How, C. /. 6, 125). Crystalline mass, v. sol. 
water. Kot decomposed by EOH but converted 
by AgjO into a very alkaline hydroxide. The 
hydroxide changes, when its alkaline solution is 
evaporated, into etbyhcodeine. Acetyl deri¬ 
vative CisH^cNOgEtl ^aq: crystals, v. si. 
soL cold alcohol (Beckett a. Wright, C. J, 28, 
818). Gives rise to CnHygAoNOjEtCl and 
(0|,H,^oKOgEtGl)2PtCl4. Butyryl deriva¬ 
tive 0j,Hjg(C4H70)N03EtIiaq. 

Chloride ChHjbCINOj. Codeyl chloride. 
[147°]. Formed by treating codeine with PClj 
mixed with FOCI«. Colourless leaflets ; insol. 
water, sol. alcohol and ether (v. Gerichton, A. 
910,105).-B',H,PtCIg. 

Ohloro-codide CigHjgClNO,. Formed by 
pmlooged heating of codeine (1 pt.) with cone. 
HOI (12 pts^ at 100° (Matthiesson a. Wright, Pr. 
17,4W; 18,63; A. SuppU 7, 304). Amorphous; 
V. soL idoohol .and ether. Water at 140° gives 
HOI and codeine. Gonoc HCl at 140° gives 
MeGl and apomorphine.—B13C1: amorphous.— 
B'APtCl,. 

Bromo-co<f*de O.gHjoBrNOg. From codeine 
and HBrAq (8.G. l-sVat 100° (Wright, Pr. 19, 
871). Unstable.—B'iffir: gummy. 

Ohloro-codelse CigHgoOiNOgl^aq. [170°]. 
From codeine, EG10„ and HCl. Crystalline 
powder: si. sol. ether and hot water, v. e. sol. 
NHgAq.—B',HaS04 4aq: prisms.—B'^jPtClg^ 

Chloride CigHjgCi^Oj. Chloro-co^yl 
chloride. [196°]. Formed by haating codeine 
h mol.) with PClg (2^ mols.f and POCl, at 70° 
(v. Genchten, A. 210,105). Trimetrio prisms; 
lasoL water, v. sol. lUoohol, ether, and benzene. 
Its hydroohloridft orystalUses in gronpqd 
needles.—B^tH^tCfly. 

Bromo-oodsina 0,fH^TNOr [162°]. From 
eod^ae and bromine-water. Needles (oontaining 
4 aq •or li aq). Y. sL sol. water, v. e. sol. 

B^HBraq; prisms. 

Etkylt-kydrah B'BtOH. BecompoMS 


on evaporation of ita aqueous solution forming 


I Chloride 0,aHJBr01NOj|. [131°]. Prom 
bromo-codeine and rOl,. Prisms; sol. alcohol 
and ether. 

Tri-bromo-codelne 0 .aH,aBr,N 03 . From 
bromo-oodoine and bromine-water (Anderson). 
Amorphous powder.—B'j^HBr.—B'gHjjPtClg. 

Bi-lodo-codelne OigHjgLNOg (?). From 
codeine hydrochloride and ICl. Crystals (&om 
alcohol). Insol. water.—B'^HJ^tClg aq. 

Nitro.oodeineO„H 2 „(NO^O,. Fromcodelne 
and hot dilute HKO, (S.G. 1*06). Silky lamina) 
(from aloohol). SI. sol. boiling water (Ander¬ 
son).—B' 3 HjPtClg 4 aq.—B' 2 HS 042 aq (at 100°): 
radiating needles. 

Bioodeine (CigHjiNO,)^ 2aq. Formed by beat¬ 
ing codeine with dUute H^SO^, with PjOj, or with 
oxalic acid (Anderson, Ed. Phil. Trans. 20 [1] 57; 
Armstrong, C. J. 24, 56 ; Wright, C. J. 25, 506; 
28, 312, 696). Amorphous powder. Insol. vfater, 
Rol. alcohol and ether. Immediately ppd. from 
its salts by Na^CO, (codeine comes down only 
after some time). Fe^Cl^ gives no colour. 
UNO, gives a pale orange tint. Hot oono. HCl 
converts it into CTjHgjClN^OjjHjCl^. HI and 
phosphorus at 120° form CijgHjjjTNgOjpHglg (?). 

Salt.—B"H,C1,6aq. 

Acetyl derivaiioe (C,gH 2 „AcNOg)j. From 
dicodeine and Ao,G (Beckett a. Wright, G. J. 28, 
15). Amorphous; v. sol. ether.—6aq: 
crystalline.—B''HPtCl8. 

Tricodeine (C,gHj,NO,) 3 . A product of the 
action of H^SO, or of ZnCU on codeine (Wright, 
C. J. 25, 607; 27, 101; Pr. 20. 203). Amor- 
phous. Sol. alcohol and ether. Its hydro¬ 
chloride is amorphous and extremely deliques¬ 
cent. Cone. HCl converts it on heating into 
apocodeine. Fe,Clg gives no colour at flrst, but 
afterwards a reddish-purple- HNOggives a blood- 
red colour- Na^COj immediately pps. it from 
solutions of its salts (difference from codeine). 
Hot concentrated hydrochloric acid foims 

CiogHi^N^OigHgClg. 

Tetracodeine (0 ,rH 2,N0,)4. From codeine 
and P.Gj. Formed also by boiling codeine with 
benzene and NaOEt (Wright, C. J. 27,107 ; 28, 
324). Amorphous; sol. alcohol; insol. ether. 
Its nydrochloride is amorphous and deliquescent. 
FegCig gives immediately a reddish-purple colour. 
HNO, gives a blood-red colour. E^CrjO, and 
HjSOg gives an evanescent red colour (this re¬ 
action is given also by tricodeine, but no colour, 
is got with codeine or dicodeine). NajGOg im¬ 
mediately pps. tetracodeine from its salts. 
Boiling aqueous HCl has no action. Boiling 
HI and phosphorus form C„^H,jal 3 NgO*|HgI, (?). 

Acetyl (CigH^oNOgh* From 

tetracodeine and AOgO at 1^°. ^Amorphous.— 
B^jH^PtClg. 

Brcmo-tetracodeine OnHggBrNgO^ From 
codeine and HBr. HCl forms 0„IIs,011:^0,gB[«0l4. 
Hydrio bromide forms biomo-tetramor- 
phine Og,H,jBrN 40 ,j. 

Salt-C^^ggBrNqO.gHgBrg. 

Beozycodelne Oi^siNO^. From codeine and 
HBr. InsoL water, sol. aloohol and ether. 
Toms brown in air.—B'HBr: small crystals. 

Apooodelne 0},H,gNO^. Formed by heating 
codeine hydrochloride with a oono. solution of 
ZnCl, lor U minutes (MdlttiiesBen a. Bomside, ' 
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IV* 10,71)« Gummy muB; ksol. water, sol. 
alcohol and ether. Gives a bV)od-ied oolonr 
with HNO,.—B'HOl: amorphons. Acts as a 
niUd emetic. 

Metbyl-oode'ine 0 ,»H 2 ,K 0 «. DumethyU 
tnorphm 0 . [119^. Prepared by evaporating the 
product of the action of silver oxide, or of KOH, 
on codeine methylo-iodide. The substance sepa¬ 
rates out as an oil, which solidifies on desiccation. 
Hard, brilliant lamins. It appears to possoss 
all the properties of a tertiary base and to be 
formed by the dihydration of methyl codeine 
hydroxide. With sulphuric acid it gives a 
brown colouration, turning violet on addition of 
water (Grimaux,4* Ch. [6] 27, 283). 

Bthyl'Oode'me CigH^^EtNOs. Formed by 
evaporation of a solution of codeine ethylo- 
hydroxide. 

IfcfAy ^o-iodideOjsHjjEtNOgMoI. Readily 
foijned by the union of Mel with ethyl-codeine. 

Methylo‘hydroxide B'MeOH. Formed 
by the action of moist AgjO on the methylo- 
iodide. On heating to 130® it decomposes into 
methyl-ethyl-propyl-amine and a body CjjHioOj 
(Gerichten a. Schrotter, B. 15, 1486). The 
compound C,jH,oO^ [C/)"*] is converted into 
pheiianthrene by ^stillation with zinc-dust. 
According to Grimaux {C. B. 93,591), a crystal¬ 
line tertiary base (? metnyl-ethyl-codeme) [132°] j 
is formed by heating ethyl-codeino methylo- 
iodide with moist Ag^O or KOH. 

Bromo-etbyl*codeino CjgHjoEtBrNOa. Long 
white needles. Sol. acids and strong KHg. 
Tertiary base. Formed by evaporation of a 
solution of the ethylo-hydrate of bromo-codcine. 

Ethylo-hydrateWl/LoOB.* Formed by the 
action of moist Ag^O on the methylo-iodidc. On 
evaporating the solution to dryness it decom¬ 
poses into mclhyl-ethyl-propyl-amine and a 
body Ci^HoBrOj (Gerichten a. Schidtter, B. 15, 
1485). This compound CjjHgBrOo [122°] is 
converted by CrO, into a substance which is 
apparently a quinone. 

WCODETHINE v. Ethylme-mRvnvan, 

CODETHYLEKE v. BfApLuoRPHiNE. 

CffiRXTLEIN M. 

0 



Forrnation.~l> By heating galloinwith con¬ 
centrated sulphuiic acid at 190°-200°, an olive- 
brown solution is formed, from which the coeru- 
1^ is precipitated by water.—2. By oxidation 
of ccerulm. 

Properties. —Dark-blue, metallic glistening 
crystals, si. sol. water, alcohol and ether. 
When heatei 'vith einO’dust pbenyLanthracene 
is produced. 

Triace^l derivative Oj,H, 03 {OAo)j, 
red needles, sol. alcohol, acetone and chloro¬ 
form, readily decomposed with separation of 
coerulein (Buchka, A. 209, 272)> 

CfERULIN 4 *. 

action of concentrated Bulphurio acid on galUn; 
formed also by redaction of coerulein with am¬ 
monia and zino-duat (Baeyer, B. 4,6W, 663): the 
lolution is aoidifiw and agisted with ether, on 


evaporation of whidi eoBmlla !i left as a red 
substance, sol. alcohol, ether and acetic acid 
with golden-green duorssoenoe. It is readily 
oxidised to coerulein. 

Tetra-aeetyl derivative 

[256°]. Oannot be prepared 
direoGy ftrom ooerulin, but indirectly from cceru- 
loin, acetic anhydride and zinc-dust; yellow 
nee^es sol. alcohol, chloroform and benzeno, 
converted on oxidation into tri-aoetyl-ccerulem. 

Conetitution. —Cosrulin bears to gallin {a. v.) 
the same relation that phenol-phthalidin Dears 
to phenol-phthalin, as shown by its analogous 
method of formation (Buchka, A. 209, 274). 

CffiEKLIGN OL O.oH, A 0„H„(OMe)(OH). 
Bkie^oil (241° cor.). 8,G. 1'06. Obtained 

first by Reichenbach among tbe higher boiling 
portions of beech-tar oil, and characterised by 
giving a blue colouration with baryta water. Is 
best separated by boiling the oil for some time 
with acetic acid just strong enough to dissolve 
it. On pouring the solution into water the 
compound separates out. Colourless oil, of crea- 
sote-like odour, m. sol. hot water, alcohol, ether 
and acetic acid. From its reaction with nitro¬ 
benzene and strong sulphuric acid it appears to 
be a homologue of pyroeatechin, probably of 
guaiacol (Pastrovioh, M. 4,188). It gives a blue 
colouration with baryta water or bleaching pow¬ 
der ; with ferric chloride in alcoholic solution, 
a green, but in aqueous solution, a carmine-red 
colouration. Heated with hydrochloric acid it 
forms a substance G^HjA 
crystallising in prisms [66°]. On melting it 
evolves methyl chloride. 

Acetyl derivative C,jH„Ao02 (265°); 
viscid, colourless oil, once obtained in fan¬ 
shaped crystals. 

Nitro-derivative CioHjjNOA [124°], 
obtained together with oxalic acid, the principal 
product, by the action of nitric acid (S.G. 1*12) 
on coBrulignol. Light yellow crystals, sol. water 
and alcohol. 

CCERlTLIONOirB U. O.C,Hj(OMe), 

(!).(!iX(OM(s), 

Tetramethyl-ether of teira-oxy-diphenylene- 
guinone. Cedriret. One of the products ob¬ 
tained by Reichenbach from beeohwood tar 
IJ.pr. 1, 1). The crude acetic acid prepared 
from wood is treated with KjCrjO, which oxi¬ 
dises the di-metiiyl-ether of pyrogallol that is 
present (Liebermaun, B. 6,746; 6,381; A. 169, 
231; Hofmann, B. 11, 335). It is purified by 
solution in phenol and ppn. by alcohol or ether. 
Small dark steel-blue needles. Insoi. ordinary 
solvents; cannot bo distilled. Dissolves in oono. 
H-^SO, with blue colour, but is decomposed 
thereby with elimination of one or two methyl 
groups. Heated with aqueous KOH it forms a 
green solution, quickly becoming yellow. Potash- 
fusion gives an mtonse but fugitive violet colour. 
Reducing agents convert it into hydrooffirulignone 
OjaHjsO, [190°] which is the tetra-methyl-ether 

of HBXA-OXI-DIPHBNYXi (g. O.). 

Cteralignone of the ethyl Miies 
0,H,(0Et),.0 , ,, , 

^ Greenish-goldwi glistening 

p^m^^^kepared by the oxidation of diethyl- 
pyrogallol with chromic acid in acetic acid. 
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M»T b* wduorf to the hydro - deriyativo ! 
C.4(OBtWOH).OA(OEt),(OH) CmT which, 
oryawliaes in long white needles (Hoxmanny JS> 

11,801). _ 

Di-hromo-hydroeorolignone o. Hxxa-orx- 
niPBSKTL. 

C0F?£S V, CuTBiMS and Oivnon. • 
COLCHICINE 0 ANO. 
0 „H,(OMe),(NHAo)(COjMe) (?). Methyl ethw 
of eolMa/in [145°]. Oocars in all parts of the 
meadow-saffron (CoUUevm autmnnaU), espe¬ 
cially in the seeds (Pelletier a. Caventon, 4. Oth 
[2] 14, 69; Geiger a. Hesse, A. 7, 274; Habsoh- 
inann, .4r. Ph. [2] 92, 880; Asohofl, 

[2] 89, 4; Bley, Ar. Ph. [2] 89, 18; Hubler, 

0.^ C. 1865, 686; Fliickiger, Ph. [8] 7 , 872; 
Hertel, 0. C. 1881,601; Ph. [3] 12, 498; Bosen- 
wasser, Ph. [3] 8, 607; HoudJs, O.B. 98,1^42; 
Zeisel, G, B. 98,1687; M. 4,162 ; 7, 657 ; 9,1). 

Prepamtion.—Tbe whole seeds are extracted 
with hot 90 p.o. alcohol, and the residue digested 
with water. The aqueous solution is shaken with 
CHCl,. On evaporation the chlorotorm leaves 
a syrupy residue, which after some days begins 
to crystallise. It is reorystallised repeatedly 
from alcohol and chloroform, and finally from 
water (Zeisel). , 

Prqpcrfies.—Yellowish-white powder. Sol. 
water and alcohol, insol. ether; darkens when 
exposed to the light. It is lavorotatory. Minet^ 
acids colonr the solution yellow. Weak alkalis 
also give a yellow colour; concentrated acids 
yield a yellow resinous pp. Cone. HNO, gives a 
violet colonr. Cone. H,SO, with a trace of nitrate 
gives a yellow green. Br water a yellow pp. 

■ Iodine in KI a brown pp. Fe-Cl. no colour ex¬ 
cept on warming, when a green colonr is pro¬ 
duced. ElgClj in neutral solutions gives a slight 
turbidity, when acid a yellow pp. AuCl, yellow 
needles, Cdl,, potassium bismuth iodide, potas¬ 
sium mercuric chloride, phosphotungstic and 
phosphomolybdic acids, and chromates give 
yellowpps. Tannic acid in acid and neutral solu¬ 
tion a white pp. It forms an addition compound 
with CHCl, of the formula Ca^NO,.2CHCl, 
with evolution of heat. Yellow needles decom¬ 
posed by water. Phenol gives a milkiness, and 
finally a yellow resin. Colchicine acta as a 
diuretic, purgative, and irritant poison (Mairet 
a, Combemale, C. B. 104, 439, 616). 

Salts.— Colchicine is a’weak base, most of 
its salts being decomposed by water. The auro- 
ohloride BHAuCl, is stable. 

Colohiee'in C,,HhNO, , 

0 ,jH,(OMe),(NHAo)(CO^). Tn-methyl.acelyU 
eolMoinic acid [c. 166°]. 

Preparation.—Bj warming an aqueous solu¬ 
tion of pure colchicine with 2 p.c. HjSO, or 1 p.o. 
HCl. Separates in white needles. There aye 
also formed methyl alcohol, an acid substance, 

and a new or possibly two new bas^. 

* PropsrftM.—Shining whit^neeiHes (contain- 

ing Jaq); becomes anhydrous at 140°-160°. 
Lffivorotatory. V. e. sol. adcohol and chloroform, 
insol. ether and benzene. Sol. mineral acids giv¬ 
ing a yellow solntion, in the case of HQ with >Me 
of temperature. AlkaUa also dissolve it, geld- 
ing yeUow solutions. Cone. HjSO, and 
behave with it as with oolohioine. Br water, phos- 
uhomolybdic acid and aqueons ptool jwd^shght 
..n- in k\t» sAxieana amntion- but Drt other va- 


agents. In HOI aolntion it beUvM Uke coWU 
cine with most reagents. From cone. HOI mIo- 
tion AuCl, pptl. an orange-gold compound, which 

can bo subsequently crystallised in needles. Lead 

and copper acetates give pps. HOI converts it 
into the hydrochloride of tri-methyl-oolohiomic 
acid 0,JH„NO.H01 which forms a Pt salt 
(0,A!N0iH01),K01.2aq. The dimethyl-col- 
chicinic aoid and colohioinio acid are also pro- 
duced. 

Salts.—B'HAaCl,.—{0„H„NOJ,Cu 6aq 
(Zeisel, Jf. 7, 686; 9,8). 

Amids of eolchicoin 
0„H,.N,0. ii 0,.H.(OMe),(N^o)(OON^) (?). 
Formed when oolohiome and alcoholic NH, ore 
heated together in a sealed tabs. Altar evapo¬ 
rating the alcohol a yellow crystalline mass is 
left, which is recrystallised from alcohol. Two 
kinds of crystals separate. Those which effloresce 
contain t mol. alcohol. 

Properftes.—Heated with NaHO it formseol- 
chiceln and NH,. It behaves M a base, being sol. 
HCl, insol. water. Fe,01, give! a brown coloura¬ 
tion, and in HOI solution KNO, gives a violet 
colour, and the alkaloidal reagents give pre¬ 
cipitates. Cone. H,SO, dissolves it, giving a 
yellow-red colouration (Zeisel, M. 9, 26). 

COICHIOIBIO ACID C|,H„NO. t.e. 
C„H,(OH),(NHJ(CO,H)(?). 

Preparation.—The hydrochloride remains in 
the mother-liquor after separating the dimethyl- 
and trimethyl-derivatives formed from oololiicein 
by heating with HCl. Alter drying at 109° the 
oolohicinlo acid is obtained as a yellow powder. 

Properties.—BCl solution is ppd. by Br water, 
KI, HgOl,, PtCl„ AuCl,, Cdl,, and by the usual 
alkaloidal reagents. Phenol gives no pp. Cone. 
H-SO, gives a brown colouration; if a nitrate bo 
present, and then excess of NHj added, a red 
colour is produced. Fo.^Clg gives a red-brown 

colouration (Zeisel, if. 9, 22). M,o<n 

JDifnethyl’deTivottve J* 

The hydrochloride is formed with the trimethyi- 
derivative. It crystallises from hot water as 
BUCl aq, from which the free acid is obtamed 
in yellow microscopic prisms by the addition of 
weak NaHO. These prisms contain 4iaq. A 
solution gives the naual alkaloid reactions (Zeisei, 

Trimethyl derivative C„Ha,NOs 
C,.H,(OMe),(NBy(COi)? [160°]. From the 
hydrochloride formed from colchioeln (g.v.). 
Microscopic prisms (containing 2 aq). It forms 
aPt8alt(B'HCl),PtCl,2aq. 

COLElN C,JH,.0, (?) A bntt e r^ res^ 
which may be extracted by acidulated alcohol 
from the leaves of Coleus Verschaffeltii (Chmtch, 
C. J. 81, 258). , 

OOLLAOKN ». Psoxi'ins, Appmdia 0. 
OOIXIBUfJ ». TBi-traTHTt-framnoi and 
METHVL-BTHTa-rVBlDnnB. J 

COLUNIO ACID obtained by*Fr6hde (J.pr. 
80, 344) by oxifflsing gelatin with CrO, is Benzoic 
icm. 

OOLIODIOH «. Osfg,uiiOSZ. 

OOUOIDS. Name given by Graham to those 
substances which do not diffuse through pOTOUs 
membranes. CoUoide sre contrasted with Orye^ 
taUoids. Y. Dnwusio*, and Pattaaot migona, 
OOUOTVBlirB t). Loffnpi. 
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OOtOOTWHIK 0^0„ (?) S. (cold) 6; (hot) 
5*8. The bitter priaeiple occurring in the pulp 
){the trait of Citrullus Colo&ynthis^i\xq}ie]int 
IPhysM, 888 ; Braoonnot, J.Pfc.10,416; Her- 
berger, Buchner's Bcmrt. 36,368; Bastlck, Ph. 
10,239; Walz, Ar. Pk. [2] 98,141; 99,838 ; Le. 
bourdais, A, CA'[3] 24,68; Henke, Ar. Pk. [ 8 ] 
21 , 200 ). 

Prcparation.’-~The fruit is extracted with 
alcohol, the alcohol is evaporated, and the resi* 
duetaken up by cold water; lead acetate is added, 
and in the filtrate, after removing the excess of 
lead by H^SO^, the coTooynthin is ppd. by tannin. 
The compound with tannin is then decomposed 
by lead carbonate. 

Properties .—Yellowish prisms or powder. Sol. 
water and alcohol, inaol. ether, GS^, benzene, 
chloroform, and ligroin. Cone. H^SO, gives a red 
colouration. It easily reduces Fehling’s solution. 
Boiling aqueous HCl gives a dark green greasy 
pp., aftd the solution still reduces Fehling’s 
solution. According ^ Walz, colocynthin is split 
up by boiling dilute I 1 .BO 4 l^to glucose (2 mols.) 
and a resin oolocyntboin G 4 ^He 40 „.’ 

'COIOHBIN V. COLOMBIN. 

COLOFH£N£. This name is applied by Arm¬ 
strong and Tilden to the viscid yellow oil left 
after distilling all that is volatile in steam from 
the crude product of the action of H 2 SO 4 on the 
terpenes. It is probably a mixture of polymer- 
ides of these hydrocarbons (C. J. 35, 748). De- 
ville {A. Ck. [2] 76, 66 ; [3] 27, 85) applied the 
name to the portion of the product of the action 
of H 2 SO 4 on French turpentine that boils a Uttle 
above 800*’. This might be called dicamphene, 
OjsH,,. A similar product occurs among the 
products of the distillation of colophony, but it 
iiffers from Deville’s colopbone in forming a 
grease when rubbed with slaked lime. V. ^0 
rXBFENBS. 

COLOPHONY V. Terpenes and Turpentine. 

CQMMBIO'AOID O„ll,,0„aq? An acid 
which may be extracted by lime-water from Co- 
[umbo root (Bodecker, A, 69, 47). Amorphous, 
nearly insol. water, v. sol. alcohol, si. sol. cold 
2thor.-Pb^'4Pb(OH)2aq ?. 

COLTTMaiN [182°]. 9. (alcohol) 

i at 78°. Occurs in tlie Coluinboroot (from Me- 
ni!i2>frmu7n palmatin, together with berWin and 
a substance [220°j whicli crystallises from HOAc 
in prisms. Prepared by extracting the root with 
ether. On evaporation a crystalline residue, to¬ 
gether with a fatty substance, separates out; the 
latter is removed by washing with ether, and the 
former crystallised from alcohol (Wittstook, P. 
19, 298; Liebig, P. 21, 36; R5se, P. 19, 441; 
BOdooker, A. 69, 89; Fatevno and Oglialoro, G. 
9,66; Alessandri, PA. [8]12,996). Tastes very 
bitter. V. si. soif cold water, alcohol, and ether. 

COMANIC ACID 0,H,O^CO,H ie. 

^260°]. 

Preparation, —1. Gomenic acid (g.u.) is 
treated with PC1« and the di-ohloro-comanio 
acid produced is reduced by HI (b.p. 127°) (Ost, 
Jipr. [2] 29 ,62).-«2. Chelidonio acid is neated 
in vacico at 280° (Haitinger a. Lieben, M. 6, 
379). 

Prqpsrtisf.—Oblique prisms. SI. ioL water. 
Bives no colour with F^Ols. 


Beactiant, —1, Decomposed by excess of * 
hasyta with precipitation of the seJi of an acid 
which gives a brown colour with FegCl,. On 
warming ttie pp. with excess of baryta it changes 
to baric oxalate, acetone being evolved (compare 
chelidonio acid).—2. Heated by itself it splits 
up into ODj and CJH 4 O,, pyrocomane, a neutral 

substance, insol. water, [32°] (c. 213°)._ 

8 . Warmed with cono. NH, it reacts thus (com¬ 
pare the behaviour of comenio and of oxy- 
comenio aoidsj: C,H 404 •¥ NHg = CjHjNO, + H^O. 
The product is oxy-pyridine carboxylic (3-oxy. 
picolinio) acid C 4 H-N(OH)(CO;;H).—4. When 
comanio acid (10 g.), hyaroxylamme hydro¬ 
chloride (6 g.), Na^CO, (4‘6 g.) and water (100 g.) 
are warmed together, the sparingly soluble 
oximido- acid separates CjH,0(NOH).CO.H. 
Crystallised from water, it forms crystals which 
decompose at 20Q°. With fuming HOI at 200° 
this forms G^H^NOj, a crystalline body that is 
very soluble in water. The oximido- acid 
is reduced Zn and HCl to oxy-pyridine 
carboxylic acid. From this it would appear 
that the oximido- %oid is di-oxy-pyridine car¬ 
boxylic (di-oxy-picolinic) acid (H. Ost, J. pr. 
[2] 29, 378).—^. Ethylamine converts comanio 
acid into oxy-ethyl-pyridine-carboxylio (oxy- 
ethyl-picolinic) acid, 04 H^(OH)(COjH)Et. This 
acid splits up at 160° into GO, and (?) oxy-ethyl* 
pyridine. 

Salts.—^BaA'jOq: v. sol. water.—BaA', 3aq. 
AgA. 

Ethyl ether E%k'. [103°]. Prisms; not 
acted upon by AcCl. 

Chloro-comanio acid C 8 HJCIO 4 . [247°]. 
Formed, together with the following, from co¬ 
menio acid by successive treatment with PCI, 
and water. Needles. 

Di-chloro^jomanio acid C,H,C 1 , 04 . [217°]. 
Needles (from alcohol). HI converts it into 
comanio acid. 

COMBINATION, CHEMICAL, LAWS OF.— 
Chemistry concerns itself with the changes of 
composition and properties which certain defi¬ 
nite kinds of matter undergo. Those kinds of 
matter which are studied in chemistry are 
divided into two classes, elements and com¬ 
pounds. Elements are those kinds of matter 
which undergo chemical change only by com¬ 
bining with other elements or compounds. Com¬ 
pounds may combine with other compounds or 
with elements, or they may be separated into 
two or more elements or compounds each unlike 
the others, and each weighing less than the ori¬ 
ginal quantity of the compound used. 

The expression * homogeneous bodies' has 
sometimes been employed to denote elements 
and compounds, and to distinguish these from 
mixtures which palpably consist of unlike 
portions. 

The law of conservation of matter holds 
good in all ohemioalf as in all physical, changes. 
This law may be stated as follows as regards chemi¬ 
cal occurrences:— When homogeneous bodies in¬ 
teract to produce new bodies, the sutn of the 
nt^ses of the bodies produced is equal to the sum 
of the masses of those ‘Which have interact to 
produce them. 

The proof of this law is found in the whole 
body of chemical and physical science. A few 
numbers are here given, taken fnma the re- 
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MtrohM of Stu, vhioh vara oonduoted vith 
vef^grest can and acooiao]'. 

(1) SilTor iodide ia the aole produet of the 
combination of iodine and silver; if the law of 
the conservation of mass holds good, the mass 
of ^ver iodide formed should be esactlf equal 
to the sam of the masses of silver and* iodine 
used. 


lodiae 

used. 


surer 

used 


Sum of surer 
and lodioe. 


surer 

iodtde 

formed. 


DifTereQoee. 


82-4666 27-6223 60*0888 60-086 --0028 

46-8282 89-8406 86 6687 86-6653 --0034 

44-7699 88-0796 82-8894 82-8376 -*0019 

160-2762 136*3548 296*6300 290-624 —0000 

96-7964 82-8631 179-1696 179-169 --0005 


The mess of silver iodide formed was in every 
case slightly less than the sum of the masses of 
silver and Iodine used; but this i& accounted for 
by the fact that it is impossible to collect abso* 
lutely the whole of Ae silver iodide formed. The 
differences amount to about of the total 
weight, and fall within the lifoits of necessary 
experimental errors. 

(2) In another series of experiments Stas 
heated silver iodate, and so decomposed it into 
silver iodide and oxygen; the differences between 
the mass of iodate used and the sum of the 
masses of iodide and oxygen obtained amounted 
to about of the totid weight. Hero are a 
few of the results 


Iodate Sa Dlffereuce 

U8-2C81 81-6880 16-6816 98*2695 +-0014 

166*7869 180-1766 26-6085 166-7840 --0019. 


HomogeMous bodies interact to produce new 
homogeneous bodies in certain definite and fixed 
raUos! ^ cot(stant ratio between the 

masses of the interacting bodieSy and also be¬ 
tween the mass of each interacting body and the 
mass of the product, or of each of theproducts, of 
the change. 

The validity of this statement is assumed in 
all chemical investigations. Btas carried out a 
series of elaborate researches in order to deter* 
mine whether the statement is or is not abso* 
Intely accurate; The following numbers taken 
from Staf’ memoirs are * illustrations of his 
results. 


The divergences from the mean are tery uM 
and are wholly accounted for by necessary ea» 
perimental erfors. 

(2) A solution of silver was added to a sola* 
tion of potassium bromide until the whole of 
^6 broimne was precipitated as silver bromide, 
and from the results was calculated the mass of 
potassium bromide which reacted with 100 parts 
by weight of silver. The numbers obtained 
established the absolute identity of the ratio of 
silver to potassium bromide in every experiment. 
Thus five experiments gave the following re* 
suits:— ' 


Fotassium 

bromide 

Silver 

Potassium bro¬ 
mide reacting 
with 100 parts of 
silver 

Difference 

from 

mean 

9'20,526 

8-34305 

110-332 

-•008 

20-12316 

18-23665 

110-343 

+ •003 

16'8310 

11-3451 

110-357 

+ 017 

110613 

10*0253 

rllO'334 

-•006 

16-3032 

14-77495 

110-335 

-•005 



Mean 110*340 



The relations between the masses of interacting 
homogeneous bodies are expressed in the three 
laws of chemical combination, usually known as 
the law of fixity of composition, or the law of 
constant proportions; the law of multiple pro* 
portions; and the law of reciprocal proportions, 
or the law of combining weights. These laws 
may be stated in various forms of words; the 
following are fairly satisfactory. 

Law of constant proportions, The masses of 
the constituent elements of every compound stand 
in an unalterable ratio to each other, and also to 
the mass of the compound formed. 

Law of mnltiple proportions. Tkhcn two ele¬ 
ments combine to form more than one compewnd, 
the of one of the elements which combine 

with a constant mass of the other element bear a 
simple relation to each other. 

Law of reciprocal proporUons; or law of oom< 
bining weights. The masses of different elements 
which severally combine with one and the same 
mass of another element are also the masses of 
these different elements which combine with each 
other, or they bear a simple relation to these 
masses. 


(1) Potassium chloride was caused to react 
win nitric acid to form potassium nitrate; the 
masses of potassium chloride and of potassium 
oitiato were determined. 


Petenthim 

eUenride 

Potassium 

nitrate 

formed 

Potef^inm nitrate 
Irotn 100|)arts 
of ohlonde 

DiQerence 

froiW 

mean 

.. mi66 

68-6938 

.135-t43 

-002 

80-2610 

108-8665 

135-638 

--007 

73-1023 

99-8060 

186-647 

+ -002 

60-2175 

68-1200 

185-649 

+ -004 

48-9274 

63-3675 

186-645 

-000' 

69-8886 

64-7900 

185-640 

--006 

14-3678 

19-3416 

185-655 

+ -010 



Ueaa 186-645 



When gaseous homogeneous bodies react to 
produce new gaseous b^ies, the relations be¬ 
tween the volumes of the interacting bodies and 
the volume of the product, or the volumes of the 
products, are expressed in the law of volumes or 
the law of Gay-LussaCc 

Law of volumes. When gaseous elements or 
compounds irtieract, the volumes tf the interact¬ 
ing bodies bear a simple relation to each othert 
and also to the volumes of the g^eous products 
of the reacUon. 

The law of constant proportions asserts tbs 
absolute invariability of ^e composition of every 
chemical compoundc This law was finally gained 
as one restilt of the long controversy waged be¬ 
tween BerthoUet and Proust throughout tlm years 
1801 to 1808. Many of the older ohemisis re¬ 
garded every chemical compound as of fixed 
oomporitioa; the investigations of Bergm^na 


OOMBmATIOK, OHEMiCAt, LAWS OT. m 


»sd L&voisie?, for inst&noo, implicitly assomod 
ihe validity of this law of fixity of oomposition. 
Indeed, even bo far back as the*mid^e of the 
17th century Van Helmont spoke of the satura¬ 
tion-point which is reaohea when a definite 
quantity of an acid is added to a specified quan¬ 
tity of a base. The experiments of Eichter in 
the last years of the 18th century rendered it 
probable that the masses of two acids, which 
severally neutralise one and the same mass of a 
given base, bear a constant ratio to each other 
independently of |he nature of the base with 
which they react. 

Berthollet, in his Es$aid68tatiQU$cMmigue, 
published in 1803| stated the fundamental law 
of chemical action, to the effect that the amount 
of a chemical change is dependent on the affi¬ 
nities and the masses of the reacting bodies. 
One of tbe conclusions which he drew from this 
genaralisation was, that the composition of tho 
proauots of a chemical reaction may vary within 
certain limits, which are determined by the re¬ 
lative masses of the interacting bodies, and by 
the physical states of these bo^os, and of those 
produced in the change. Proust opposed this 
notion of variability of composition. He analysed 
with great care many series of compounds, chiefly 
metallic oxides and sulphides, and as a final re¬ 
sult he established tho law of fixity of composi¬ 
tion, or of constant proportion, on a firm basis of 
experimentally determined facts. 

Proust admitted that two elements might 
combine in more than one ratio. Indeed he 
analysed various pairs of oxides and sulphides 
of the same metal; for instance, he gave the 
following analyses of oxides of copper and of 
tin:— 

Copper oxides Tin oxides 

(1) (2) , (1) (2) 

Copper 80 Tin *»87 78*4 

Oxygon =J13'8 20 Oxygon-13 21*6 

• Proust contented himself with stating the 
reeultfl of his analyses of compounds in percent¬ 
ages of the constituent elements. Had he calou- j 
lated the masses of oxygen which were com- | 
bined with the same mass of copper, or the same 
loass of tin, he might perhaps have forestalled 
Dalton and announced the law of multiple pro¬ 
portions. For Proust’s analyses quoted above, if 
thus treated, give these results:— 

Copper oxides Tin oxides 

( 1 ) ( 2 ) ( 1 ) ( 2 ) 

Copper -86-2 86*2 Tin -87 87 

Oxygen -13*8 21-6 Oxygen -13 24 

Dalton analysed two compounds of carbon 
and hydrogen, and fourffi that tlio ratio of carbon 
to hydrogen ^ one compound wga twice that of 
carbon to hyorogen in the other; in other words, 
he found that a fixed mass of hydrogen com¬ 
bined with a fiefinite mass of carbon to form one 
compound, and with twice that mass of carbon 
to form another compound. Dalton ^d not 
oonduot tbe experiments which led to this result, 
solely with the view of fftiding the quantitative 
laws of chemical combination, but rather with 
the object of rendering clear tbe atomic concep¬ 
tion of ohemioal change which at this time was 
occupying bis attention. While determining 
the oumpcttiUon ot teriM of oompoonds, ha baa 


always in his mind the conception of <fiiamioal 
combination as consisting in the union of ex¬ 
tremely minute portions of the combining bodies. 
These minute portions, or atoms, of an element, 
he pictured to himself as ohomically indivisible, 
and as all of the same mass; hence, he argued 
if two llements combine to form more than one 
compound, the masses of one of these elements 
which combine with a fixed mass of the other 
element must bear a very simple relation to each 
other, one must be a whole multiple of the other, 
because portions of atoms cannot combine, and all 
tbe atoms of the same element have the samemass. 

The law of multiple proportions was a neces¬ 
sary consequence of tho Daltonian atomic theory. 

As a matter of fact, the law was deduced from 
experimental data by reasoning directed by the 
mechanic^ conceptions of this theory (t>. Atomic 
AND MOLECUUJi WEiOHTS, vol. i. pp. 336-7). Dal- 
ton’s analyses were not very accurate. There can 
be little doubt that it was not the analytical results 
which led him to the disooveiy of the law of 
multiple proportions, but that the law was ten¬ 
tatively deduced^rom the atomic conception he 
had formed of chemical processes, and was then 
confirmed by the results of his analyses of com¬ 
pounds. 

The announcement of the law of multiple 
proportions at once threw a flood of light on the 
empirical data already amassed regarding chemi¬ 
cal composition; and it also led to more careful 
analyses of numerous compounds, by showing 
tho importance of these analyses, and by inter¬ 
preting their results in terms capable of general 
application. 

After the publication of Dalton’s Neio System 
of Chemical Pivilosophy in 1808, chemists every¬ 
where busied themselves with making accurate 
analyses of compounds. Some chemists accepted 
the atomic theory of Dalton, others preferred to 
speak of combining proportions, or equivalents, 
rather than of atoms, of elements; but whether 
accepting or rejecting his theory, were influ¬ 
enced by Dalton’s teaching. The development 
of the atomic theory and the verification of the 
laws of chemical combination are indissolubly 
bound together. 

If the atomic theory were granted, not only 
the law of multiple proportions, but also that of 
reciprocal proportions, followed as a necessary 
; consequence. For the masses of two or more 
elements which combine with each other must 
be tho masses, or whole multiples, or sub¬ 
multiples, of the masses, of those elements which 
severally combine with a fixed mass of sopaa 
other specified element; because oombination 
occurs between atoms, and atoms are ohemioally ^ 
indivisible, and all the atoms of any element are 
df the same mass. 

The outcome of the rosearohes of Beneliui 
and bis followers into the composition of com¬ 
pounds was to dstablish the laws of ohemiqal 
combination on a firm basis; but bo intimately 
were those investigations connected with the 
development of the atomio theory, and with the 
controversies which attended that development, 
that many chemists who demurred to the theory' 
were inclined to deny the absolute validity of the 
laws as expressions of fact, and to think that 
these laws must stand or fall with the theory 
which bad first given them importance. 
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The result of the* laboriona researohes o! 
Stas' have ebown that the laws of chemical com> 
binatioD bj mass are perfectly aocarate state« 
ments of facts which hold good in all chemical 
pTOoesses. 

Some of the results obtained by Stas hare 
been already given ^ (p. 236). The fallowing 
analyses of silver chloride, and of mnmonlum 
chloride, prepared by different methods, serve to 
i^ow that the composition of each of these two 
eompounds at any rate is absolutely fixed:— 
Grams of silver 
Method of chlorideohtaiiied 

prepantloD of silver chloride from 100 of silver 
1. Ag burnt in Cl gas . . 132*842 

S. Ag dissolved in HNOjAq, 

and ppd. by HCl gas . 132*847 

8 . Ag dissolved in HNO,Aq, 

end ppd. by HClAq . 132*848 

4 , Ag dissolved in HNO,Aq,' 

and ppd. by KH,ClAq . 132*842 

The ammonium chloride analysed was pre¬ 
pared in four different ways:— 

(1) Commercial salammot^ao was dissolved 
in water and boiled with nitric acid to destroy 
oiganic matter; the liquid was decomposed by 
pure lime; the ammonia produced was led into 
water and then neutralised by bydrochlorlo acid; 
the ammonium chloride was sublimed in a stream 
of ammonia. 

(2) Commercial sulphate of ammonia was 
heated with sulphuric acid, then boiled with 
nitric acid i the solution was treated in the same 
way as described in (1). 

(8) A solution of potassium nitrite was mixed 
with potash, zinc-dust was added, and the liquid 
warmed; the nitrite was thus reduced to am> 
monia, which was led into water, and then 
neutralised by hydrochloric acid, the ammonium 
ehlo ide was sublimed in an ammonia-stream. 

(4) A part of the ammonium chloride pre¬ 
pared in (3) was sublimed in vacuo. 

Weighed quantities of the different prepara¬ 
tions were dissolved in water, and the quantity 
of silver required for the precipitation of all the 
chlorine was very accurately determined; ex¬ 
periments were conducted at different tempera¬ 
tures. A selection is given from the results 
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One of the forms in which the law of reci¬ 
procal proportions may be stated is as follows; 
The element/eomhine in the ratios of their pom- 
bining weightst or in ratios which hear a stm^ile 
relation to th^e. By the combining weight of 
an element is here understood the smallest mass 
of that element which combines with unit mass 
of a standard element (v. Goubinxnq wxiqhts or 
£Laux^rrs). Suppose the standard element were 
oxygen; then if the combining weight of an 
element were determined from analyses of dif¬ 
ferent compounds of that element, all of whioh 
compounds contained oxygen, the law asserts 
either that the same value for the combining 
weight should be deduced from all the analyses, 
or ^at the different values found should bear a 
simple relation to each other. Stas proved the 
absolute accuracy of the law as regards silver, 
by determining the mass of this element com¬ 
bined with 16 parts by weight of oxygen in 
various compounds. The compounds oAoson 
were, silver iodate, bromatep chlorate, and sul¬ 
phate. Stas reduced these compounds to silver 
iodide, bromide, chloride, and sulphide, respec¬ 
tively, and then determined the amount of silver 
in these salts. 

The following values were obtained for the 
mass of silver combined with iodine, Ac., and 16 
parts by weight of oxygen: (1) From analyses 
of iodide prepared by reducing iodate 107 028; 
(2) from analyses of bromide prepared by re¬ 
ducing bromate 107*921; (8) from analyses of 
chlorate prepared by reducing chloride 107*937; 
(4) from analyses of sulphide prepared by re¬ 
ducing sulphate 107*920. Stas fur^er reduced 
potassium chlorate to chloride and then deter¬ 
mined the mass of silver needed to precipitate 
the chlorine which was combined with 16 parts 
of oxygen in the original chlorate; he thus in¬ 
directly obtained a value for the combining weight 
of silver, meaning thereby the mass of this 
element which combines with that mass of 
chlorine which enters into union with 16 parts 
by weight of oxygen; the number found was 
107*930. Another method which Stas used lor 
testing the accuracy of the law of reciprocal pro¬ 
portions consisted in finding the ratio of the 
masses in which two elements united to form a 
binary compound, and also the ratio of the 
masses in which the same pair of elements were 
united in a compound formed by the addition of 
a third element to the first binary compound. 
Stas determined Uie ratio of silver to iodine in 
silver iodide and iodate, of silver to chlorine in 
silver chloride and chlorate, and of silver to 
bromine in silver bromide and bromate. The 
results proved the absolute accuracy of the law. 

There can be no doubt as to the accuracy of 
the laws of chemical oombinatjpn by weight. 
These laws are perfectly accurate statements of 
facts, aud they bold good in every chemical 
ehange. ^ 

2 !h6 law of oombination of gaseous elementa 
and compounds by volume, enunciated by Oay- 
Lussao, has not yet been subjected to so rigorous 
an examination as that whiim the laws of com¬ 
bination by weight have undergone. 

The ratio of the volumes in whioh hydrogen 
and oxygen combine to form water was deter¬ 
mined by Lavoisier, in 1788, to bo 1*91:1. Other 
ohemists stated the ratio to be approzinuUdly 
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t:L Ift 1S05 Ofty^Lassao and Homboldi an- 
nonnoed that the ratio was exactly 2:1, and in 
1808 Gay-Lnssao made the generalisation, which 
be based on numerous experiments, that the 
roiames of gaseous elements or compounds 
which combine to form gaseous products can be 
expressed by small whole numbers, and that the 
relume of the gaseous product of such oombina* 
tions is either the sum of the rolumesof the ooa< 
gtituents or it bears a very simple relation (^, 

L (fee.) to this sum. Oay-Lussao's experiments 
showed, for instance, that 1 volume of nitrogen 
combines with d flumes of hydrogen to form 
2 volumes of ammonia, and with 2 volumes of 
oxygen to form 2 volumes of nitrogen dioxide, 
&<s. _ • 

Investigations have recently been made bv 
Scott regarding the volumetric ratio in which 
hydrogen and oxygen combine to form water. 
The results (v. Scott, Pr. 1887. 898; B.A, 1887, 
668 87,439) do not finally settle the ratio 

but they all tend tp show that it is slightly less 
than 2:1, the most probable value being 1*997:1. 

The laws of ohemioal combination are all 
included in the two statements: 

1. The elements combine in the ratios 
of their combining weights, or in 
ratios which bear a simple relation to 
these. 

S. The gaseous elements combine in the 
ratios of their combining volumes, or 
in ratios which bear a simple relation 
to these. 

By combining weight is here meant the 
smailost mass of an element which combines 
with unit mass of some specified element taken 
as a standard; and by combining volume is 
meant the smallest volume of a gaseous element 
which combines with unit volume of some 
specified gaseous element taken as a standard. 

The first statement has been amply verified 
by accurate experiments; the second does not 
yet»Btand on so firm an experimental basis. 

In connexion with this article v. the articles 
Atomic and MonscuLAB weights; Cohbinino 
WEIGHTS or elements; Composition, chemical; 
Eouivalbnts ; FoRMULiC. M. M. P. M. 

COUBlNIKa WMGHTS OF THE £L£. 
MEKXS.- The laws of chemical combination by 
mass are expressed in the statement, the elements 
combine m the ratios of their combining weightSt 
or in ratios which bear a simple relation to these. 
The term combining weight is here taken to 
mean the smallest mass of an element which 
oombines with unit mass of a standard element. 
Hydrogen is adopted as the standard element; 
hence the practical definition ot combining 
weight, as here understood, is the smallest 
mass of an element that oombin|8 with 1 part 
by weight of Hydrogen. But many elements do 
not combine with hydrogen; it is therefore often 
necessa]^ to make use of some element other 
than hydrogen as a standard. 

All the dements except fluorine and bromine 
form oxides, and most of the elements combine 
with chlorine. These two alements, oxygen and 
ohlorine, are therefore frequently used as stan* 
dards of reference indetenmnationsot combining 
weights. 

Oxymn oombines with hydrogen in two 
ratios (by weight), 8:1 and 16:1; but ddoiint 


and hydrogen combine only in the ratio 85*6:1 
(these values are given in round numbers), in 
accordance with the definition given above, tbe 
combining weight of oxygen is said to be 8, and 
the combining weight of ohlorine to be 85*6. 
The combining weight of an element may then 
be takA to be the smallest mass of it which 
oombines with 1 part by weight of hydrogen, or 
8 parts by weight of oxygen, or 86*6 parts by 
weight of chlorine. 

The same value m found for the combining 
weights of some elements which form both 
oxides and chlorides, whether the value is deter* 
mined from analyses of the compounds with 
oxygen or with cmlorine. Sodium and silicon 
are oases in point. But in some oases, one value 
is found for the combining weight of an element 
from analyses of its oxide, and another value 
from analyses pf its chloride. Thus is the 
smallest mass of iodine that combines with 86*5 
parts by weight of ohlorine, but parts by 
weight of iodine combine wi^ 8 parts of oxygen, 
and if the combining weight of i<^ne is deduced 
solely from analyses of its hydride, the value 
found is 127, So also, the smallest mass of 
nitrogen that combines with 1 part by weight of 
hydrogen is 4*66, but a compound of nitrogen 
and oxygen is known which is composed of 
2*8 parts of nitrogen in union with 8 parts of 
oxygen. 

_ Different values, then, are frequently ob¬ 
tained for the combining weight of an element 
according as the combining weight is determined 
in reference to hydrogen, ohlorine, or oxygen, as 
the standard element. But the different values 
always bear a simple relation to each other. 
The following table presents the values found 
for the combining weights of a few elements; 
the ratios of tbe numbers are stated in the last 
column. Bound numbers are given:— 



Oombioing weights 

Batlo of 


referred to 

Talooa 


0-8 C1-3S-6 


Nitrogen • 

. 4'« 2-8 4-6 

5:3:5 

Potassium. 

. — 9-7S 89 

1:4 

Copper • 

. 63-2 31'6 31-6 

2 :1:1 

Arsenio. • 

. 25 IS 25 

5:3:5 


If, then, we define combining weight solely 
in terms of hydrogen^s unity, we’oan determine 
the combining weights only of a minority of the 
elements; if we admit the employment of oxy¬ 
gen and ohlorine as standards of reference, we 
frequently arrive at different values for the com¬ 
bining weight of the same element. One primary 
object in determining combining weights is to 
find a basis for a system which shall represent 
the composition of compounds in formulss, by 
shewing Uie number of combining weights of 
each element whioh are combined to form that 
quantity of a iy}eoified compound whioh is repre- 
gen ted by its formula. In order to frame a sa^- 
factoxT system of notation, some compromise 
must be come to as to the meaning to be dven to 
the term combining weight. Tbe difficulty may 
TO partly overcome by adopting as the com¬ 
bining weight of an element the least oommon 
multiple of the numbers whioh express the 
masses of the element that severally oombhM 
with 1 part ^ weight of hydrogen, 8 parts of 
oxygen, and 86*6 parts of ohlorine. Ferinituioi^ 
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Xh* values thus obtafaedare naxially adopCM 
wb«n It ia desired to frame a fairly satisfactory 
definition for the term oombining weight. These 
Talnes are uther the aame as the atomifi weights 
ot the elements, or the Utter are whole multiples 
of the former numbers. If a satisfactory and 
consistent system of notation is to be based on 
the combining weights of the elements, it is better 
to adopt for ^e combining weights values which 
an always identical with the atomio weights. 
The term combining weight of an element must 
then be taken to mean either the smallest whole 
number,a whole multiple of the smallest whole 
number, divisible without remainder by each of 
the numbers that express the masses ot the 
element which combine with I part by weight of 
hydrogen, 8 parts of oxygen, and 36*5 parts of 
(hlorine, respectively. The following table ex¬ 
hibits the smallest masses of each element that 
combine with 1 part by weight of hydrogen, 8 
parts of oxygen, and 35*5 p^s of chlorine; it 
also shows the L.C.&f. of these numbers, and 
the last column contains the whole number by 
which each Xi.O.M. must be multiplied in 
order to get the value used as the combining 
weight of the specified element in the ordin^y 
chemical notation, which value is ideutioal with 
the atomic weight of the element. (The values 
in the table in the next column are given in 
round numbers.) 

The oombining weight of an element is some¬ 
times said to be the smallest mass of that element 
which enters into chemical combination with 
other elements, the smallest mass of hydrogen 
which omnbines chemically being taken as unity. 
But in order to give an exact meaning to the 
phrase, * smallest relative mass ot an element 
whhdi enters into chemical combination with 
other elements,^ it is necessary to add, * to form 
a chemiddly reacting unit of a compound,’ or 
some such expression as this. Now, the only 
conception of 'the chemically reacting unit of a 
compound’ which has been put into an exact 
fenm capable of presentment in quantitative 
terms and of general application is that which 
arises from the application of the molecular and 
atomic theory to ohemica^ occurrences; it is in¬ 
deed the Gonoeptiou of the molecule. The defi¬ 
nition oombining weight as * the smallest rela¬ 
tive of an element which enters into 

combination with other elements ’ is 
essentially an atomio and molecular definition, 
altiiough it is not oouohed in atomio and mole¬ 
cular language. For many years attempts were 
made to base a system of representing the com¬ 
position of compounds on the combining weights 
of the elements without the h^ of the concep¬ 
tions of atom and molecule. I^at mass of an 
element whmh combined with 1 part by weight 
of hydrogen, or 8 parte of oxygen, was sometimes 
taken as the combinis^ weight of the element, 
and sometimes a multiple of this mass was pro¬ 
posed. But it was only when the atomio ahd 
moleoular theory led the way that a satisfaotmy 
anti oonsistent scheme of representi^ chenuoal 
composition was gained. The atomio weight of 
an elenient i» always equaltOjor is awholatoul- 
t^ie el, the Isait omwm mnltijde of the awn- 
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bers that express the small^t masses of the 
element which combine with 1 part by weight of 
hydrogen, 8 parts of oxygen, and 86»6 parts of 
chlorine, respectively; the principles whi^ guide 
chemists in their ghoice of the multiple art set 
forth in the article Atoxic xim xolsculab 
wxxoaxe. If accurate values are to be found for 
the atomio wei^ts of the elements, it is evident 
that the oombining weights most be determine^ 
with the greatest oare. 
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The exact definition to be given to the term 
eombining weight ie not a matter ot paramount 
importance, for it is evident that wrfbther we call 
the combining weight of an element the smallest 
mass of it which combines with 1 port by weight 
of hydrogen, or 8 parts of oxygen, or 36*5 parts 
of chlorine, or whether we say that the combin¬ 
ing weight is the L.O.M. of these numbers, or 
whether we take the expression to mean a whole 
multiple of this L.C.M., in any case the law 
holds good that the elements combine in the 
ratios of their coiqhining weights or in ratios 
which bear a simpwrelation to these. What is 
required to be determined with the greatest care 
and accuracy is the ratio between the combining 
masses of every eletnent and hydrogen, oxygen, 
chlorine, or other standard element; because this 
ratio, taken in conjunction with the definitions 
of atom and molecule, determines the value of 
the atomic weight of the element, and on^ this 
valu#depend many of the chemical properties of 
the element, fn cinnexion with this article v. 
the arts. Atomic and moleoulab weights ; Coai- 

MNATIOH, CHEMICAL, LAWS OP; FORMCLa *, NoTA- 

jiou, M. M. P. M. 

COMBtlSTION.—Any manifestation of chemi-1 
cal energy attended by combination and acoom- j 
panied by production of much heat is, strictly 
speaking, an instance of combustion. As com¬ 
monly used, however, the term carries with it 
the idea of incandescence ; that is, the reacting 
bodies are not merely incalescentt but have 
their temperature raised to a point at which they 
emit light, or become self-luminous. This defi¬ 
nition includes that of infhmmation, which is, 
however, best restricted to instances of combus¬ 
tion in which the incandescent substances are 
gaseous. Such cases of combustion will be con¬ 
sidered under Flame. 

All phenomena of burning are instances of 
eombustion, and in the groat majority of cases 
they consist in the union of the oxygen of the 
air^with the substance which is being burnt, 
the visible signs of combustion, i.e., the heat and 
light, being the result immediate or proximate 
of the chemical energy so expended. 

It has been frequently observed that primi¬ 
tive communities regard as sacred all things that 
contribute to their existence or promote their 
well-being, and hence it is intelUgible that a 
phenomenon so mysterious in its origin and 
process as fire, and at the same time so neces¬ 
sary to the welfare of mankind, should have 
been looked upon from the earliest times with 
particular reverence and awe. The evidence of 
fire worship is to be found probably in every 
religion. And it would be easy to show on 
strictly evolutionary priifolples how the idea of 
sanctity assoomted with ^e plmnomenon^ of 
burning ramised and became interwoven into 
theories of the origin of life, of generation, and 
the nature of *the soul and mind, and how it 
passed into the art of healing, and thence ii^to 
the Boienoes which have sprung out of. or have 
been grafted on to, that art. The id^ but littto 
shorn of its transoendentdl and spiritual attri¬ 
butes, is to be found in the earliest theories of 
ohemistry. S^re plays suoh an important part 
in the operations of chemistry, the ohangM 
which it induces are eo profound and extraordi¬ 
nary, burning mi the evolution of heal by ia* 
voxi. XL 


trimde agencies are so constantly witnessed aa 
the result of chemical operations, that it if 
hardly surprising that the earlier chemists 
should have regarded combustion as the essen¬ 
tial phenomenon of chemistry. A theory of 
combustion was to them also a theory of 
clicmist^. ^iuds so sharply contrasted as 
those of Bacon and Boyle clearly apprehended the 
importance of a comprehensive theory of com¬ 
bustion from this point of view, but Bacon made 
no attempt to construct such a theory, and Boyle, 
in spito of his habitual caution, went singulMly 
wrong in his efforts to explain the essenti^ 
nature of ilro and the phenomena we now recog¬ 
nise as due to oxidation. John Joachim Beoher 
(1035-1682) has the oredit of bavii^ first at¬ 
tempted to group all the facts of chemistiw then 
known in such manner that they could be de¬ 
duced from one general or universal prinoiple. 
Georgo Ernest Stahl (1000-1734) eagerly adopted 
Bccher’s fundamental idea, and ampufiod and 
worked it into a comprehensive system, capal>l 0 
of wide generalisation and fruitful of fresh linos 
of investigation. • The theory of Becher and 
Stahl was essentially one of combustion. As it 
has exercised a very powerful influence on the 
development of ohemistry, it may be desirable to 
sketch its main features with some degree of 
detail. 

The theory as elaborated by Stahl is to ^ 
found in his Fundamenta Chymicet published in 
1720, when its author was resident at Berlin aa 
physician to the King of Prussia. It is not im¬ 
probable that it was taught publicly at Halle 
between 1694 and 1710 when Stahl was Pro¬ 
fessor of Medicine at that University. Stahl de¬ 
fines chemistry as tho art of resolving com¬ 
pounds into their constituents, and of recom- 
I bining these constituents to again form the 
I original or other compounds. According to 
Becher and Stahl, all combustible bodies are 
compounds, and in tho act of burning they part 
with a constituent which is common to them all. 
This oommon prinoiple was termed by Stahl 
phlogiston (^XoyMTTds *» burnt). Bodies are com¬ 
bustible in proportion as they contain phlogiston; 
phosphorus, sulphur, charcoal, alcohol, sugar, 
the oils, resin, <to., are pre-eminently endowed 
with it. The metals also contwa it, but in vary¬ 
ing amount, WheiL certain of the metals are 
strongly heated they are gradually convert^ 
into an earthy powder, termed a calx. The 
change which the metal had. undergone was wn- 
sidered by Stahl as akin to ordinary combustion, 
and metals were regarded as oom^unds of calces, 
which were recognised as intrinsically dissimilar 
bodies, in union* with the common principle, 
phlogiston, which was dissipated by the Mtion 
of*heat upon the motai. The re-conversion of 
the calx into the metal by processes which we 
now term redaction, that is by the action at la 
sufficiently hjh ton^ratureof bodies like char¬ 
coal, coal, or by oomoustible gMcs, Ac., was ex¬ 
plained by Stahl as being due to the union of 
the phlogaton of the charcoal, Ac., with the 
*oalx of the metal. It was noticed that many 
sibstanoes like phosphorus and sulphur on beii^ 
burnt formed acids which when treated with 
a -highly phlogistieated body suoh ua charcoal 
am rise to me orisinal substances. Thus, 
^tuphoziu on b^ heated to a hlg^ turn- 
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perature with ^larooal formed phosphoros again. 
Hence pboephorus was considered to be a com¬ 
pound of pnosphorio acid and phlogiston; in 
the aot of burning the phlogiston was disen¬ 
gaged and the aoid left; on restoring phlogiston 
to the fioid the phosphorus was regenerated. 
Stahl sought to demonstrate the identiCy of the 
combustible principle in all substances point¬ 
ing to the fact that the calx of lead, for example, 
could be oonrerted into the metal by the em¬ 
ployment of phlogistioated bodies of such widely 
different properties as diarooal, sulphur, dour, 
sugar, iron, <&o. As only one substance, riz., 
le^ was formed by the action of each of these 
bodies, it seemed to follow that they must all 
contain a common principle. In the same way 
it was pointed out that phosphoric acid could 
be changed into phosphorus by the action of a 
peat variety of combustible bodies, such as 
lamp-blaok, resin, sugar, or e^^en the metals. 
Of course it was known that many substances 
existed which were incombustible and were not 
sensibly changed by the action of dre, as, for 
example, lime, clay, rooks, &of\ such bodies were 
regarded as dephlogisticated by the action of pre- 
vious beat, or as being incapable of combining 
with phlogiston. As &e doctrine of phlogiston 
extended, the ideas of the phlogistic school re¬ 
specting its essential nature became more and 
more vague. There seems to be no doubt, how¬ 
ever, that Stahl and his immediate followers, 
Neumann, Pott, and Margraaf, in Germany, and 
B4aumar, Buhamel, and Macquer, in France, re¬ 
garded phlogiston as a dednite substance pos¬ 
sessing all the essential attributes of matter. 
Stahl himself appears to have considered that 
pUogiston, when isolated, would tom out to be 
ft Bohd tttftby body insoluble in water like char¬ 
coal, soipbur, phosphorus, bitumen, and the 
metals. Indeed, as so many highly phlogistioated 
bodies were insoluble in water, while their de- 
pblogisticated constituents, e.g., phosphoric and 
sulphorio aoidfi, were readily soluble, the pro¬ 
perty df solubility came to be regarded as depen¬ 
dent on or related to the presence or relative 
amount of phlogiston. Its presence or absence 
in fact affected all the properties of bodies, and 
caused all the bhanges they were capable of ex- 
p^enoin^, as, for example, their relative sta- 
o£uty» their capacity for union with other bodies, 
ihcir aoid or oaostio cbslacters, their colour, 
odour, and taste, and even their physiological 
and therapeutic activity. Many other natural 
phmiomena, such as fermentation and decay, 
the growth of plants, and the processes of animal 
life, were lUso capable of explanation by the aid 
of the same general principle. 

The doctrine of phlogiston was of inoalou- 
lable service to chemistry. Indeed, it is not too 
much to s^ ^at Stahl’s gener^ation first 
raised chemistry to the dignitjr of a science. It 
not only served to present a^eim^ and intelli¬ 
gible explanation of ft mass of hitherto uncon¬ 
nected facts, but it pre-eminently fulfilled the 
function of every fnutfol hypothesis by stimu¬ 
lating fresh inquiry and suggesting new lines ot 
tbou^t Men like Black and OarendlA, whom 
we commonly reckon as j^pditians, were, how¬ 
ever, not unmipdful of its weaknesses, and Black 
certainly recognised Hs inad e quacy to explain 
{gets wbleh lu knew tqheinqqntroTertihle.fuoh* 


for example, aa the results obtained by Boylaua 
the oalcination of metals. Boyle Himaalf was 
doubtless aWhre of the doctrine in the form in 
which it was presented in Beoher’s Pkysica 
Subterranean but it had probably no infiuence 
on his labours. Indeed he failed to perceive 
that much of his work was in direct opposition 
to Beoher’s teaching. His experiments on the 
calcination of lead and tin were interpreted by 
him as proving the materiality of beat, and it 
was reserved for Lavoisier and the so-called anti- 
phl(^i8tio school of French chemists to point 
out their real significance. ^ 

The doctrine of phlogiston was paramount 
in chemistry for upwards of half a century: the 
’ discovery of nitrojgen by Rutherford in 1772, and 
of oxygen by Priestley in 1774, and the fuller 
recognition ot the functions of these bodies in 
the air, by paving the way towards a clearer 
apprehension of the nature of combustion, 
brought about the downfall of Stahl’s genethlisa- 
tion. Geber, upwards of tep, centuries ago, had 
supplied chemistry with facts respecting the 
nature of oalcination which the long subsequent 
labours of Sulzbaob, Cardan, Bey, and Boyle had 
confirmed and strengthened. Hooke, in the 
Micrographia, and Mayow, in his Opera Omnia 
Medicophysicon pointed out that combustion con¬ 
sists in the union of something with the body 
which is being burnt, and M&yow, both by ex¬ 
periment and inference, demonstrated in the 
clearest way the analogy between respirattou 
and combustion, and showed that in both pro¬ 
cesses one constituent only of the air is con¬ 
cerned : he distinctly stated that not only is there 
increase of weight attending the calcination of 
metals but that this increase is due to the ab¬ 
sorption of the same spiritua from the air that 
is necessary to respiration and combustion. 
Mayow’s experiments are so precise, and his 
facts so incontestable, that, as Chevreul has said, 
one is surprised that the truth wa^ not fully re¬ 
cognised until a century after bis reseamhes. 
TMs recognition was forced upon the world by 
the experimental labours and writings of La¬ 
voisier and his immediate followers in France. 
By repeating and extending the observations of 
Mayow, Black, Butherforo, and Priestley, La¬ 
voisier proved that respiration, combustion, and 
calcination are essentially identical processes, in 
that they are primarily due to the action of oxy¬ 
gen—Priestley’s dephlogisticated air—on the 
body undergoing change, and that the heat which 
is manifested is the result of the chemical change 
of which sU these processes are examples. La¬ 
voisier’s experiments were so well devised and 
so admirably executed, his reasoning was so 
pwspicuous and his proofs so irrefr^able, that 
his oonoluslons seemed irresistible so far as the 
theory of coznbustion was conceilled. 

As Lavoisier’s explanation of the true nature 
of combustion effected a oomplsto revolution in 
the theory of chemistry, it may be desirable to 
trace the steps by whiw be was led to formu¬ 
late it. 

Lavoisier published fn all some sixty me¬ 
moirs, about half of whioh were concerned with 
the subieot of combustion and of matters whioh 
immediately grew out of it. These appeared 
in different memoirs of the Academy between 
1774 ftftd 1788, It appears ttam his ejected 
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memoirs* published after his death in 1794, 
that his earliest experiments on the cause of 
the augmentation of weight whicff bodies ex* 
perience during combustion and calcination 
were made in 1772. 

In a memoir published in 1774 Lavoisier de« 
scribed a repetition of Bo^'le's experiments on 
the calcination of tin, in which he showed that 
during the formation of the calx a portion of the 
air disappears, and that the tin increases in 
weight in amount equal to the loss of weight 
experienced by the ah. Hence he concluded that 
a portion of air bad united with the tin, and that 
the calx of tin is composed of tin and air. 

There is nothing in this memoir nor in the 
note of 1772 to indicMe that Lavoisier had any 
idea of the compound nature of air. Still it is 
evident that he had advanced beyond the posi¬ 
tion of Boyle and feey. Boyle inferred that his 
experiments proved the materiality of heat, while 
Bey af^pears to have imagined that the absorbed 
air was merely entaigled with the metal. 

In the autumn of 1774 Priestley exhibited to 
Lavoisier his method of making oxygen gas from 
the calx of mercury. In the following year ap¬ 
peared Lavoisier’s memoir On the nature of the 
principle which combines ivith the metals during 
their calcination and which augments their 
weight. Starting from the fact that many of 
the metallic calces can be reduced by charcoal 
with the production of a gas which is identical 
with that produced by burning charcoal in the 
air, Lavoisier concluded that carbonic acid gas 
contains an elastic principle which is common 
to the air and the metallic calx. In the case of 
the calx of mercury he could obtain this elastic 
principle by heat alone. The gas so obtained 
was identical with Priestley’s dephlogistioated 
air. Lavoisier surmised that this gas, which he, 
like Priestley, found to be pre-eminently a sup¬ 
porter of combustion and respiration, was pro¬ 
bably contained in nitre, inasmuch as this salt 
when heated with charcoal forms large quantities 
of carbonic acid gas. Mayow, on other grounds, 
had already made the same supposition. This 
memoir was followed in 1777 by that On the 
combustion of phoephorus and the nature of 
the acid which results from that oombusUon, in 
which Lavoisier first distinctly recognised that 
the air was composed of two distinct substances, 
one of which was absorbed by the burning phos¬ 
phorus to the extent of one-fifth of the onginal 
volume of air, while the other, originally termed 
by him mouffette atmosplUrique, was incapable 
of supporting combustion or animal life, and was 
not absorbable metals when heated, and hence 
was not oonoerned in the process of calcination. 
In the same year he publkhed a paper On the 
combusHoj^ of candles in atmospher^l air, and 
in air eminent^ respirable, in whi^ he demon¬ 
strates that the moufette atmosphtrigu6,otazote 
as it is now oalltd, plays no part in the burning 
of the candle, but that the combustion is entirely 
due to the dephlogistioated ait or oxygen. Al¬ 
though Lavoisier’s theory of combustion and of 
calcination was now praotidhlly complete, and 
was fttU^ developed by him in his memoir On 
oombtMtion tn ganemi in 1778, it made com¬ 
paratively little impression even in France, and 
gained no converts of note until 1785, when Ber- 
tiluUet i«d ?QQzero| gave Ut thair adhaaic^ to 


the new doctrine. The death-blow to phlogiston 
really came from the discovery of the compound 
nature of water. It was only after Cavendish's 
experiments on the combustion of hydrogen that 
Ijavoisier was able to combat the generally re¬ 
ceived opinion as to the nature of the process of 
solution metals in acids. It was observed 
that when certain metals were dissolved in acids, 
hydrogen was evolved, and the metals were con¬ 
verted into calces which could be again trans¬ 
formed into the metals by heating in hydrogen. 
These facts were accounted for by the Stahlian 
hypothesis on the assumption that the gas 
evolved on the solution of the metal was actually 
phlogiston, and that on heating the calx with 
the gas the phlogiston again combined with it 
to regenerate the metal. In 1783 Lavoisier was 
informed by Blagden, who at that time acted as 
Cavendish’s assistant, of the experiments of the 
latter, made in 1781, on the production of water 
by the combustion of hydrogen. The importance 
of the discovery of *the true chemical nature of 
water was at once perceived by Lavoisier. He 
and Lap!ace repealed Cavendish’s experiment in 
presence of Le Roi and Blagden, and found that 
water was composed of 1 vol. of oxygen and 
1-91 vol. of hydrogen. Further evidence of the 
compound nature of water was obtained by 
passing steam over red-hot iron contained in a 
porcelain tube, when free hydrogen was formed 
together with a calx of iron. Lavoisier was now 
able to explain the origin of the hydrogen in 
the act of solution of a metal in a dilate acid, 
on the assumption that in the process water was 
decomposed, and that the oxygen united with the 
metal to form the calx, wMe the hydrogen 
escaped in the free state. This view is further 
developed in the memoir On the solution of the 
metals in acids, published in 1785. Finally, iu 
an elaborate paper On Phlogiston, Lavoisier con¬ 
nects together his variousobservations, elaborates 
bis own theory of combustion, and confutes the 
phlogistic hypothesis. ^ 

Whatever may be thought of Lavoisier's 
claims to be considered the discoverer of oxy¬ 
gen, and of the true nature of air and water, 
there can be no question os to his jnerit in being 
the first to recognise the relation of these dis¬ 
coveries to the theory of combustion. As far 
back as 1772 he seemjf to have been fully per¬ 
suaded of the insufiioiency of the Stahlian hypo¬ 
thesis, and for upwards of a dozen years be 
laboured, practically alone, to demonstrate its 
insufficiency. His triumph was complete in 
1785, and La Chimie Sh-an^aise, as the new 
doctrine was termed by Fourcroy, was embraced 
in France with all the fervour of revolution. 
Nor did national prejudice long delay its adop¬ 
tion in Glermany and Great Britain. The Berlin 
Academy pronounced against phlogiston in 1792. 
Black early be^me a convert, but both Caven¬ 
dish and Priestley, ki ^ite of the fact that theiz 
discoveries had contributed so largely to its 
downfall, remained faithful to Stahl’s doctrine 
tq the end— an exemplification of the truth of 
Priestley’s words that' We may t^e a miaim 
BO strongly for granted, that the plainest evidence 
of sense will not entirely change, and often 
hardly modify, our persuasions $ and the more 
ingenious a man is, the more effeotuallj he it 
entan^ in his enort, his ingenuity only help- 
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ing him (o daoolva himself bj eteding the foroe 
of trath.* 

T. B. T. 

In oonneiion with Oomhustion e. OxmiixoK 
and DRoziDi^noK. 

COUBKAMXC ACID v, 1)x«ozt*]PZIudinb oaS' 
aosTuo Acm. ^ 

OXY-OOU£KAiaCAOU)o.TBx.ozi.pYRiDiNE j 
CARltOXYLIO ACID. 

COMBNIC ACID 0^*0,. S. above 6 at 100®. 
Got by boiling zndoomo acid CyH 40 , with HGl, 
CO. coming off. Purified by crystallising the 
dimcaltly soluble ammonium salt from water 
(How, A, 80, 66; Sd, Phil Trans. 20 [2] 226; 
ef. Itobiquet, A. Ch. [2] 61.320; 63,428; Liebig, 
A. 7. 287; 26, 116; Stenhouso, P. M. [3] 25, 
196). Comcnio aoid is thrown down as a white 
]K>wder when HOi xa added to a solution of its 
ammonium salt. , 

ProMrties. —Prisms, latninaa, or granules; 
sol. bouing water, insol. alcohol. At 2C0® it 
splits up into CO, and pyromoconic acid. Fe,Cl, 
gxves a red colour. Does not react with hy- 
droxylamine (Odomheimer, £. 17,2081). 

Bsaetions.—l. Sodium-amalgavi reduces it 
to syrupy hydrooomenio acid CsHsO^, which 
forma a salt AgAH,0, {v.Korff, A. 138,191).- 
2. If comenio acid is boiled with PCI, (4 equiva¬ 
lents) and POC^ until no more IICl comes off, 
and the liquid distilled till the themiometor 
reaches 160®, an oil remains in the retort which 
is converted by boiling water into di-chloro- 
eomanic acid, 0,HOLO,.CO,H (yield, 20 p.o.). It | 
crystallises from aioohol in needles, [217®]. 
Some chloro-comanlo acid, C,H2C10,.C0^, 
[247®] is formed at the same time. Both acids 
arc reduced by boiling cone. HI to comanio acid, 
C,H,0,.C0,H (q.o.). When comanio aoid is 
boil^ with aqueous KH, it is converted into 
(ff)-oxy-picolinic (oxy-pyridine carboxylic) acid. 
8 . Heated with PCI, at 280® it gives C,C1, or 
* perehloro-meoylene,* and hexaohloro-ethane. 
PerohloTO-mecylene crystallises from alco¬ 
hol hi compact obliqne prisms, melting at 
[89®] (Oat, J. pr. [2] 27, 294).—4. Ethylamvne 
gives di-ozy-ethyl'pyridine carboxylic aoid. 
C,HBtN(0H)|C04l-— 6 * Aniline gives similarly 
di-ozy-phenyl-pyridine carboxylic acid (H. Ost, 
/.pr. [3] 29, 880). 

Balts.—* NHJ^" aq^: four-sided prisms; 
reddens litmus, v. sol. ooiling water.—K,A"; 
sL sol water.—KHA" : abort square needles; 
leddens litmus. — NaHA": four-sided prisms 
(from hot water). —BaA"aq (at 121®).—BaA" 5aq: 
inaol. boiling water.—BaH^", 6aq: sol. water.— 
CakA''aq (at 131°).^—CaA"61aq: prisms, imol. 
water.—OaA''8iaq.—OaH.A'’,7aq: orjstals, t. 
Bol. hot water. — MgA"6iaq: crystalline 
gralna.—MgH,A",8tti. —OnA"aq (at 100°).- 
Fe(QH)H,A'^Sq (at 100°).—PbA''^.—AgHA": 
granolupp.—Ag,A": thick yellow op. 

Ethyl »th*r ajafi,{m)XX)fit. [i86°] 
(How); PU7°] (BelbirteiD). From an alooholio 
solution of tin acid and HOI. Formed also by 
heatiog meoonio add with EtI and alcohol at 
100°. Needlei, ▼. sol. hot water. May be sub¬ 
limed. Fe^L gives a red eolois. Very readily 
saponified. By suooesdve treatment with so- 
ei nm - mtial^tn and ohioroforznio ether a com- 
poimd 0„&„0, P7*l may bo got (Dieehsel, 
/.|>r. PUT, 164), 


Ae»tyl derivativt of iht tthtr 
0,KA(OAo)(CO,Et). [104°]. From the abott 
and Ao.,0 at 460° (Iteibstein, J.vr. [3] 24,377). 

Ethyl derivative 0,H,0,(OEt)00^ 
P40°]. Obtained by fusing the ethyl derivative 
of meoonio aoid (g.v.) by itself. Cryetallised 
from water, animal obarooal being nsed, it forms 
long white needles (Mennel, J, pr. [3] 26, 468). 

Salt.—AgA'21aq: white needles. 

Amide O.H,0,(OH)(CO.NHJ. Formed by 
passing KH. into an ethereal smution of ethyl 
oomenate. A ;9p. of C,H,0.(ONHj)CO.Et is first 
formed, but this is then slbwly converted into 
C.1^0,(ONHJCO.NH, whence HCl liberates the 
amide. White plates (from water). Not afieoted 
by boiling water. Boiling KnOH converts it into 
sodio comenato. Its aqueous solutions give a 
red colour with Fe,Gl,. 

Salt.-C,H,0,(OK)(CO.NH,)aq. InsoL al¬ 
cohol. 

Cbloro-eomenio acid e 

C,HC10,(CO,H)(OH) IJaq. (Formed by passing 
Cl into water in which powdered oomenio acid 
is suspended (How, Ed. Phil. Tram. 20 [2] 
225). Four-sided prisms (from water). More 
Boluble in water than comenio aoid, v. e. sol. 
warm alcohol.—Ag-A"{at 100°).—^AgHA^^aq. 

Brcmo-comenio acid C5HBr02(CO.H)OH. 
Formed by the action ol bromine-water on co¬ 
menio or meoonic acids. Four-sided prisms; 
less soluble than the preceding body. Boiling 
baryta-water gives oxy-comenio aoid.—AgHA" 
(at 100°).—AgHA" 4aq. 

Ethyl ether EtA*. [141°]. From silver 
bromo-comenate and EtI. Olittering needles 
(Mennel, J.pr. p] 26, 472). 

Bi-bromoteomenie acid 

C.HBr0.(0Br)(00,H) (?). 

Formation. —From Br and bromo-oomenie 
acid. 

Preparation. —Meconic acid (10 g.) is sus¬ 
pended in water (80 g.) and bromine (18 g.) is 
added. The product separates at once as orys- 
talline plates (containing 3aq). 

Properties.—Its solution gives no colour with 
Fe,Cl, m tbs cold, a red colour appears on heat¬ 
ing, bromo-comenic acid being formed. At 106° 
the crystals give off Br (2 mols.) and H.O. An 
aqneous solution of the acid gives no pp. with 
BaCl|, but on adding KBl, a red oolonr and an 
orange pp. are got. Zn and HCl rednoe it to 
bromo-comenio acid. 

Constitution.—This aoid is not a tme di- 
bromo-oomenio acid, nor a compound of comenio 
or bromo-oomenio acid with HBrO, hence it 
probably contains bromine in hydroxyl, althongh 
this is very nnusual Ijileane], J. pr. [2] 26, 468). 

Ethyl ether C.HBrO,(OBr)fCO.Et). From 
mono-ethyllB meoonate (10g.), water (80g.) and 
bromine (18 g.). Small yeUowisb tablets (oon- 
taining 2aq). Sol. water, al^hol, and other. 
Beadily decomposes. When heated with water 
or with SO, it changes to white needles ol bromo- 
oomenate of ethyl [141°] (v. supra). 

Nltieteeiaesie aether O.H(NOJ(OH)CO.Et. 
[147*^. From HKO, (8.0. I'O) and comenio 
ether in the cold. Better by passing N A ihto 
an ethsreal solution of ethyl oomenate (B.). Sol 
! hot water, aioohol and ether. Ite aqueoBi w* 
^ lotions give with Fe,CI, a red colourarian. 
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Salt! .--O.H(KO,){ONa)aO,Et Yellow 
Beedles. Explodes when heated.-* 
|0»H(N0JC0,£t},02Ba. Explodes when heated. 
Silver salt blaokens even when oold. 

Amido-eomenie aold 0jH{NHJ0j(0H)C02H. 
Formed by reduction of nltro-comenio ether by 
Sn and EOl (B.). Blender silky needles (con¬ 
taining aq) (from water). SI. sol. aloohol and 
ether. Its aqueous solutions give a blue colour 
with a little FegCl,, more FejCl, turns the liquid 
red. 

Balt.- 0 jfi(NHJ 03 ( 0 H)C 0 ,H.HCl, 3 aq. 
Glittering seues, formea by adding cono. HGl to 
the above. Decomposed by water, losing HGl. 

Oxy-comenio aotd OjHO^(H01.iGO,tH. From 
bromo-oomenio acid by boiling baryta, or with 
HGl (B.). Also from comenamio acid, EMnO^, 
and ^lute H^SO^. Grystallises from water in long 
needles (with 3aq) or in short prisms (wi^ aq). 
V. sei. water and alcohol, si. sol. ether. In its 
aqueous solution ^01^ gives a blue colour turned 
red by excess. NH, at 100° gives tri-oxy-pyri- 
dine carboxylic acid. 

Salts .~-C*H 0 ,(H 0 ) 2 C 0 ,NH,.— 
{OjH 05 (OH),CO,}^a, 2aq.-OjHO,(OK)2CO,K. 

ether G.HO,(HO),GO^t. [204°]. 
Small prisms (from alcohol). 

Di-aeetyl derivative of the ether 
C»HO(OAo),GO^t. [75°]. Small needles (from 
alcohol). 

COUFOSITION, GHEKICAL. By the chemi¬ 
cal composition of a compound is meant, pri¬ 
marily, a statement of the masses of the elements 
by the combination of which a specified mass— 
say 100 ports—of the body has been produced, 
or into which a specified mass of the body may 
be resolved. So long as nothing more than the 
percentage elementary composition of com- 
pounds was determined, chemistry remained a 
collection of unclassified facts. The establish¬ 
ment of the l^w of multiple proportions, and the 
de^lopment of this law, and also that of com¬ 
bining weights, led to the possibility of assign¬ 
ing to each compound a certain number which 
expressed the smallest relative mass of it that 
entered into chemical reactions with other com¬ 
pounds ; but no generally applicable method for 
determining the values of those ohemically re¬ 
acting masses was found until the help of the 
atomic and molecular theory had been sought 
(u. Combination, ghxuxcal, laws of ; and Com- 
BiNDJo WEiQHTS OF BLEMBNTs). The Composi¬ 
tion of the smallest ohemically reacting mass is 
expressed by the formula of the compound, 
which tells the number of combining weights of 
e^h elementaiy constituent which have com¬ 
bined to form the mass iiv question. This wider 
meaning of chemical oom^sition rests on, and 
arises from, the la^rs of chemical combination; 
but it became definite only when supplemented 
by atomic and ]|^oleoular conceptions. 

The atomic weights of all the elements have 
been determined with more or less. accuracy; 
when the molecular weight of a compound is 
known, the ohemiosl compasition of wat com¬ 
pound is expressed in a formula which states 
the number of atoms of each element that have 
combined to form a molecule of the compound 

Atomio and koliottlab wuoHTs). In this 
nirther widening of tbe conception of chemical 
•omposition, the propertiH of a om&ponnd an 


represented as determined by the nature and 
number of the atoms which form tbe molecule 
of the compound. This conception rests on, and 
arises from, the molecular and atomio theory. 

It frequently happens, especially among com- 
oundsa>f carbon, that two or more compounds 
ave the same composition and the same mole* 
oular weight, and yet differ in properties; such 
compounds are said to be isomeric. These 
differences in properties are generally regarded 
as associated with differences in the arrangement 
or configuration of the atoms which form the 
molecules of the compounds In question. More 
or less conventional methods are used forex- 
pressing the supposed relations between the 
properties of isomeric compounds and the struc¬ 
tures of their molecules. These methods ate 
based on the hypothesis of atomio valency which 
has arisen from the application of the molecular 
and atomio theory to the study of isoraerisBi 
(v. Equivalbkot ; Fokmulje ; Isombiusm). 

The term ch^ical constitution (q. v.) is often 
used to express that conception of onemical com¬ 
position which includes an attempt to exhibit 
the properties of a compound as determined not 
only by the nature and number, but also by tbe 
relative arrangement, of the atoms which form 
the molecule of tbe compound. 

Ill the preceding paragraphs it has been 
assumed that the composition of every element 
is always tbe same. As a matter of fact many 
bodies which were once regarded as elements 
have been proved to be compounds; and r^nt 
researches show that this process is likely to be 
repeated on some of those kinds of matter which 
are now classed among tbe elements. Be this 
however as it may, it is certain that some ele¬ 
ments exhibit different properties when they are 
obtained from their compounds under different 
conditions. Phosphorus, carbon, oxygen, sul¬ 
phur, and several other elements, exist in more 
than one form; they exhibit tbe phenomenon 
of allotropy. What we have learned of tbe 
connexions between properties and composition 
shows that these differences in properties are to 
be regarded as associated with differences in 
composition. The only consistent conception 
which can be formed at present of variations in 
the composition of elements is'that which is 
furnished by the molecular and atomio theory 
According to this conception, tbe properties of 
an element depend not only on the nature of its 
atoms, but also on the numbers of these atoms 
which are combined to form a molecule, and on 
ike relative arrangement of the atoms in the 
molecule (t>, Allotrobv, vol. i. p. 128). 

M. M. P, M. 

COHPOUKD BABICLES. The study of che¬ 
mical composition and properties has led to the. 
conception that certain groups orcollocationq of 
atoms in the mo]#cQlc3 of various oompounds 
remain so closely associated throughout chemi¬ 
cal changes which the molecules undergo, thBt 
the functions performed by those groups of 
ktomsin these reactions are practically identical 
with the functions performed by elementary « 
atoms. Such groups of atoms are called co/n- 
pound radicles in ^tinction to the atom of an 
element which may be called a simple radk ln. 
When two elements combine we mayaay.tiiat 
the compound is formed of two simple raoicleu \ 



848 COMPOUND UADICLES. 

M. Nad ia formed of the radicles Na and 01; CONIFEEIN 0,aH„0,. [195°].’ 8 . (cold) 'SI, 
when two commands combine to form what ia (.ajo* -- 6 C Shat 20® (il. 18,1600). 
generally called a double oom^und or a double Occurtence^^X. In the cambium of coni* 
eaU^ which double compound ia easily resolved ferous trees (Kubel, /, pr. 97,213).—2. In small 
into the compounds by whose union it was quantity in beet-root, and hence it gives rise to 
formed, we may say that the double compound traces of vanillin sometimes found in beet-sugar 
is formed of two compound radicles, each of (Lippmann, 16,44).-~-3. In asparagus (D. 18, 
which can be isolated. Similarly, when a com- 3836). 

pound goes through a series of reactions with Preparation. —The juice of the cambial cells 
the production of new compounds, all of which of fir trees is boiled, and evaporated to 

contain certain elements of the original com- crystallisation. 

pound, we may suppose that these certain ele- Properties. —Satiny neediea (containing 2aq). 

ments were in some way closely associated in Eillorescent in dry air. V. sol. hot water, si* 
the original compound, and although we cannot sol. alcohol, insol. ether. Lsevorotatory. Some- 
isolate this group of elements, yet we may what bitter. Its aqueous sc^lution is not ppd. by 
advantageously regard the original compound metallic salts. Boiling dilute splits it up 

and those produced from it as formed by the into glucose and a resin. Gone. H^SO, gives a 
■ union of this collocation of elementary atoms, dark violet colour, and, on adding water, an 
or this compound radicle, with other atoms, indigo-blue pp. It is hydrolysed by emulsin 
The conception of the compound radicle is only into glucose and coniferyl alcohol. I’hen^ and 
a widening of the conception of the element; HjSO, give a blue colour, especially in sunlight, 
it ia closely associated with the subjects of A dilute alcoholic solution of thymol and KGIO, 
chemical classification and chemical constitu- turns ooniferin moistened witli H^S 04 blue 
Uon (q.v.). In connection with this subject v. (Molisch, C. C. 1887, 360). Chromic mixture 
Radiclk and Txpiis, vol. iv. oxidises it to vanillin, giving the odour ^ of 

M. M. P. M. vanilla (Tiemann). In weak alkaline solution 
OONCHIOLIN V. Proteids, Appendix C. sodium amalgam reduces it to eugonol (L. 
COKCmSCONIDINE v. Cikohona dasks. Cliiozza, C. C. 1888, 443). 

CONCnSCONINE v. Cinchona bases. Tetra-acetyl derivative CieHigAc^O^ 

CONESSIKE C,^,,N. [121^®]. Probably [126'*]. From coniferin and Ac^O (Tiemann a. 

identical with wrightine (Stonhouse, Ph. [2] 6 , Nagai, B. 8 , 1140). Crystalline. Insol. cold 
493; Haines, Ph. [2j 6 , 432; Warnecke, Ar. Ph. water, m. sol. cold alcohol and ether. 

[8] 26, 248, 281), which occurs in the bark and CONIFERYL ALCOHOL C,on„0, * i.e. 
seeds oi Wrighkaantidysenterica, czWeH cona&sX CuH,{OH)(OMe)(CsH 40 H). [4:3:iJ. [74®j. 

bark; occurs in the bark of a/ncan<x Formed by subjecting an aqueous solution of 

jP.a^Sd, and (though in much smaller quantity) coniferin to the action of emulsin at 25®: 
m the East-Indian H. antidysentei ica (Polslorlf, C,„HjoOs + H,,0 = CaHj^O, + C,oH,aO, (Tiemann a. 
B. 19, 1682). White silky needles. V. sol. Haarmann, B. 7, 611). Prisma. SI. sol. hot 
alcohol, ether, benzene, and cliloroform, v. si. water, m. sol. alcohol, v. sol. ether. Sol. alkalis 
sol. water. Very bitter taste. Scarcely volatile and reppd. by acids in an amorphous condition, 
with steam. Tertiary base. HjSO, and dilute which softens at ICO® and is v. si. sol. alcohol 
KIO, form oxy-conessine C(,H,<,jNjO, {^, a base and ether. This amorphous foAn is coloured 
which is coloured rose-red by cone. 6^804 at red by cone. H^SO^, and afterwards dissomd 
100® (W.). with a red colour. Chromic acid miiture pro- 

Salts. —BTIClaqismallverysolnblencedles. duces vanillin, which may be recognised by its 
B'HNO, : needles.—BUCL—B'jH^Cl^tCl, ^aq: characteristic odour; the other products of oxi- 
very sparingly soluble yellowish-red needles.— dation are HOAc and aldehyde. Potash-fusion 
B'fiClAu01|l|aq: long yellow needles, v. sol. gives protocatechuic acid. Sodium amalgam 
» alcohol, nearly insol. water.—B'HCl,AuCl, 3^aq : reduces it to eugcnol C,„H, 203 . 

golden-yellow needles.—E'HCiHgCl^: needles, CONIINE CgH^^N i.e. C,H, 5 FrN or 
si. sol. water. CH 

Piorate B'0,Hj(NOJ,OH aq : very ilightly /\ 

■olnble glistening golden needles. HjC CH, 

KetfcuJo-ioiiids 0,,H_NMeIliaq: tables. I I . Dextro-{a)-mopi/l-vweridint. 
V. e. sol. hot water. H,0 CH.O,H, 

Ethylo-iodidt 0„H„N£tIJaq: glisten- \/ 

ing tables. NH , 

Methylo-hydroicide C„H,NMe(OH): Mol. w. 127. (169°). S.G.'«-816 (Petit, B. 10, 
strongly albaline baae formed b^ the action of 896); *886 (Schorm). S. (cold) I'll. S. (ether) 
Ag,0 upon the iodide. It readily absorbs CO, 17. [a]o -13-8. 

forming the carbonate (&,H,{NMeO),C04aq, Occurrence.—Jn all parts of the hemlock 
which crystoliises in long ne^les. On beating (Conium maculatum) (Oiesecire, Brande’s Ar. 
to 0 .150° it splits np into conessine and MeOH Ph. 20, 97 i Geiger, Mag. Fharm. 36, 72, 269; 
(Polstorff a. Sch inner, B. 19, 78). 36, 169; v. Plants a. Eeknld, A. 89,129). 

GONQIUTUI V. PBoraina. • SpnfAssis.—(a)-^yl-pyridine (irom (a)-pico- 

COVOO-BEO V. Amido-iulpho-naphthalene- lino and paraldehyde) on reduction with sodium 
aeo diphenyUcuo-iuxphthylaminc lulphonicacid, and alcohol gives (a)-propyl.pyridine berab^- 
Tol. i. p. 416 . dridej this (o)-propyl-piperidine is identical in 

COHHTBBnr o. Coimin. all Us properties with coniine, eicept that it is 

CONICElSIBB V. CoKnni, optically inactive, but by means of the acid tar- 

GOBIOXlHX V, Omoank irate it can b« icparatcd into • dextro- and X 
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|BTO-b««e, tte foimerol which is identical with 20JB[„IIH+OH,.OHO-(CjH,,N).OH OH, +H,0 
natural confine (Ladenbutg, B. 19, 2579). <to. (Sohiff, B. 6, 148).—11. Ch&roformic ether 

Formation.—1. By heating o»nhydnne with forms 0,H„N.CO,Et (246°). This is an oil 
HI and phosphorus, and treating the resulting lighter than water, and very stable (Schotten! 
hydriodide of iodo ooniine with tin and HCl B. 15, 1947).—12. Phenyl cyanate forms the 
(Hofmann, B. 18,6).—2. By reducing («)moai- anilide of the same coniine Marboiylio acid 
ooino with HI and P (Hofmann). C.H„K.CO.NHPh, which is v. sol. alcohol, ether. 

Preparation.—100 kilos, of hemlock seeds, and benzene (Gebhardt, B. 17, 8041).—18. 
after soaking in hot water till swollen, are mired Phenyl thiocarbvmide forms C,H„N.CS.NHPh 
with a solution of 4 kilos, of Na,CO,in4 litres [88°] (G.).-14. PhthaUc anhydride forms 
of water, and the mixture distilled with steam of CO,H.C,H,.OO.N.O,H„ [156°) the coniine salt of 
about 8 atmospheres. The aqueous distillate is which when heated at 210° gives amorphous 
neutralised with SCI evaporated, NaOH added C,H,:0,Oj:(NO,H„), (Piutti, Q. IS, 668: /. 227, 
and extracted with ether. The residue aftet die* 181). 

tilling off the ether is fractionated. Another Salts.—B'HOl: [218°). Colourless deli, 

method consists in extracting the ground seeds queecent lamins. Dry HCl is said to colour dry 
tn 00 ^ with dilute acetic acid, evaporating the coniine blue.—B',ftPtCl,: orango orystjline 
solution to a syrup in vacvo, adding magnesia, powder.—B'HBr: [100°) (Mourrut. Ph. [8] 7,28). 
and extracting with ether (Sohorm, B. 14,1765; Trimetrio needles; o:6;c - •8876:1; •4218.—B'HI: 
c/. Wertheim, A. 100,828; 128,167). flat monocline prisms; o;6:c = l'2112:l:11682 

lProperlies,—OU, smelling like mice. Is a (Schorm, B. 14, 1766).—B'HI,: octahedra 
violent paralytic poison which acts on the (Bsur,Ar.BA.[S]6,214).—Oxalate B',ic,0,: 
motor nerves (Holmann, B. 14,705; c/. Christi- smallorystsls.-Tartrats B'C.H,0,2aq: large 
sou, d. Ph. 22, 418; J. Chim. Med. 12, 461; trimetriocrystais; a:5a:-•7766:1:•SSSS. 
Kuhlmann, N. Br. Arch. 23, 88). For white OomWnation.—B'2HgCl,: iemon-yellow pp. 

mice the lethal dose is -0768 g. per kilo., whilst (Blyth).—B'H,S (?). Unstable (Schmidt, B. 7, 
•0750 g. does not produce death (Ladenburg). 1626). 

Its aqueous solution becomes turbid on warming. Beneoyl derivative C,H„NBz. Thick 
Volatile with steam. Alkaline to moist test- oil. On oxidation with KMnO, it yields the 

papers. Coniine (100 pts.) dissolves water (26 benzoyl - derivative of homo-coniic acid_ 

to 80 pts.) and the solution when heated be- C,H|,NBzCO,H (&hotten a. Baum, B. 17, 
comes turbid from separation of water. V. sol. 2548). 

alcohol, ether, chloroform,benzene, amyl alcohol, Nitroeamine C,H„N.NO. Aeoernhydrine. 

and acetone; si. sol. C8,. Coniine dissolves S (160°-160°). From coniine by treatment with 
bat not P. Coniine gives a yellow pp. with nitrous acid gas, followed by water (Wertheim, 
phosphomolybdio acid, a cheesy pp. with po- A. 123, 167; 130, 269). Yellow oil. V. sol. 
tassio-merourio iodide, and an orange pp. with alcohol and ether. HCl passed into its ethereal 
potaesio-bismuthio iodide. If coniine is dropped solution reproduces coniine, giving off N and NO; 
into a solution of alloxan, an intense-purple red zinc and HCl do the same, 
colour is gradually developed, while white Hethyl-coniine 0,H„NMe. From coniine 
needles separate, which dissolve in cold KOHAq and Mel. Formed also, together with C,H, and 
forming a purple solution (Sohwarzenbaoh, of. Kfl, by distilling its ethylohydroxide (Kekuli a. 
yi. Blyth, Poisons, 1884, p. •261). Chloride of Plants, A. 89,143). Liquid, 
iodine gives a dark yellow pp. Coniine does Ethylo-hydroxide C,H„NMeEtOH. 
not dissolve CaClj. From the preceding by successive treatment 

Estimation.—Cs\yye, Ph. [8) 18, 611. with EtI and moist Ag,0 (K. a. P.). Strongly 

Beaetione.—l. Oxidises readily in the air, alkaline base.—C,H|,NMeEtI: crystalline pow- 
becoming brown.—2. Boiling chromie mixUere der, not affected by aqueous KOH. — 
evolves n-butyric acid (Blyth; Grunzweig, A. C,H„NMeEtC13HgClr—(C,H„NMeEtCl)^tCl,: 
162,193).—3. Alcoholic solution of iodine forms yellow octahedra.—CjHigNMeEtAuCl,. ^ 

a dark brown pp. which afterwards disappears, Methylo-hy^oxideC,Uu'SM.efiB. From 
the liquid becoming colourless.—4. Bromine coniine by treatment with excess of Mel, the 
forms a mass of needles [c. 100°); if too much resulting iodide being decomposed by moist 
bromine is used a gummy mass is formed Ag,0. 

jBlyth).—6. Chlorine gas produces a turbidity Di-methyl.<icniin6 (C,H,jMe)NMo. (182°). 
in moist coniine.—6. Nitrous acid gas produces Prepared by the dry distillation of the methylo. 

‘ azooonhydrine * C„Hj,NjO (Wertheim, A. 123, hydroxide of methyl-coniine. Liquid.— 
16});—7. By prolonged treatment with HI (B'HCl)jPtCl 4 : sparingly soluble needles, 
coniine is reduced to octane and NH, (Holmann, Methylo.iodide CiH„MeNMed: crystal- 
B. 18, 6).—8. By distillation with eincMnst it line solid. 

loses hydrogen and is converted into propyl- Methylo-hydroxide C,H|,MoNMe,OH: 
pyridine (conjrine) (Hofmann, B. 17,825).—9. on dry distillatiqp it splits up into H.,0, Cli,OH, 
By the action of bromine in alkaline solution it NMe„ di-methyl-coniine, and oonyiene (Cl|H,d 
gives a very’ unstable bromo- derivative which (Hofmann, B. 14, 708). 
probably has the formula 0,H„NBr. If this Ethyl-coniine C,H,jNBt From coniine and 
bromo- derivativo is treated with HjSO, it yields' EtI, the resulting C,H|,NEtHI being deoom- 
(o)-oonioelne C,H„N with splitting off of HBr. posed by KOH (K. a. P.). Oil, smelling like 
If however the elimination of HBr from the mice.—(C,HuN£t)^ 2 PtCl,: yellow crys&line 
bromo- derivative is produced by treating it with powder. 

alkalis ('y)-oonice!ne is obtained (Hofmann, B. Ethylo-iodide 0,H,-NEt.L Oiyxtallina 
18, 109). —10. Beads with aldehydee thus: mass. Gives (0,HMNEt,0l)J9tCl,, 
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(241®), The hydrochloride ia foimS by the 
eotion o( glycol ohiorhydrin o& coniine. 

Beneoyl darivativi 
OaH,«N.GHpOH^OBz. From BzOI and the 
above.—B^I: small pearly plates.—-B^Ol: 
very eolnble crystals (Ladenbtirg, B. 14^2409; 
26i 1144). 

Trl-broBJO-oxy-conllae C,H,^BrgON. Obtained 
M a by«prodQct in the preparation of ( 7 )*ooni- 
oelne by treatment of coniine with bromine and 
alkali. Formed by the action of bromine and 
alkali n^n (>')-oonic^e (Hofmann, B. 18,121). 
Heavy oil. Very unstable. The free base quickly 
decomposes spontaneously into the hydrobrom- 
Ide and di*bromo>oxy>oonice!ne 2 CsH, 4 BrsON 
—O^^BrjON.HBr+OgHjjBraON. On reduction 
with tin and HCl it gives coniine and ( 7 )-coDi> I 

e^e. I 


Salts.—B'HBr: needles.—SHNO^j: very 
sparingly soluble.—nearly insol. 
yellow crystalline pp.—B'HClAuCl,: crystalline 
solid. 

Bi-metbyl^xy-coniine OgH^Me,ON. (226®). 
Formed by the dry«distiilation of the hydroxide 
of the ammonium-base OKH,„MeON,McOH, the 
iodide of which was obtained by digesting 
( 7 )*coniodne with methyl iodide and alcoholic 
HaOH (Hofmann, B. 18,117). Colourless liquid. 
SI. sol. water. Strongly alkaline.—B'HCl,AuClg: 
sparingly soluble crystals. 

Homo-eoniic acid OrH^OiN i.e, 
OH,.OHrCH^CH(NH,).CI4CH»CH5.CO,H (?). 
n58®]. Obtamed oy saponiWtion of the benzoyl 
derivative (Baum, B. 19,502). White crystals; 
V. sol. watra and alcohol. The aqueous solution 
reacts neutral. Optically inactive. Is not 
poisondus. It readily loses H^O, and is con¬ 
verted into the inner-anhydride. When treated 
with nitrous acid it evolves nitrogen. 

Benaoyl derivative C,H,sNBz.COjH. 
[148®]. Formed by oxidation of benzoyl-coniine 
with KMnO^ (Schotten a. Baum, B. 17, 2540). 
Needles or prisms; sol. alcohol, nearly insol. 
water and ether.—A^Ag: nearly insoluble white 
amorphous pp.—A gCu: blue amorphous pp.; 
bL sol. hot water, insol. alcohol. 

Ethyl ether C,H,gNBz.COvEt. [95®]. 
Long white flat prisms; v. sol. alcohol, ether, 
dto., nearly inqol. water and petroleum-etlier 
(Baum, B. 19, 500). » 

Inner anhydride CrH^ON. [85®]. 
fieadily formed by splitting off H.0 from the 
add by heating it to its melting-point, treating 
itwitih absolute alcohol, Ac. (B.). ^^ite crystals. 
V. sd. water, alcohol, ether, and chloroform; 
m. sol. petroleum-ether. Sublimable. It is re¬ 
converted into the acid by boiling with baryta- 
water and ppg. the Ba with CO,. 

(d-Conteeiae [o.-16®]. (158®). 

V.D. - 4-81 (obs.). 8.0. ^ -893. 

Fhrmo^ton.—1. Together with (i9)-coniceIne, 
bv beating conhydrine OjHpfJN with P^O,.—2. 
Tc^ther with the (i8)-coniceine> by heating 
eonhydrine with HCfl.—8. By the action of 
H^O. on the bromo- derivative OaH,gNBr ob¬ 
tained by treating coniine with bromine and 
NaOH. The yield is 40 p.c. of the coniine—4. 
Together with (8)>eoniceXne, by heating iodo- i 
eodine CaH,«IN. ! 

Colourless liquid. Si sol. water. 


Its odour is extremely like Uiat of oonilQi, 
Tertiary base of strongly alkaline reaction, iite 
physiological i^tion resembles that of coniine, 
but it is about five or six times as poisonous. 
By HI and P it is reduced to coniine. 

Salts. — B'HCl : six-sided tables.— 
B'jHsClgPtClg: large yellow trimetrio prisms.— 
B'HCIAuClj : yellow needles. — Piorate 
B'CgII;(N 02 )» 0 H [226®]: yellow needles; si. sol. 
cold alcohol, nearly insol. water. 

Methylo^iodide B'Mel: crystalline solid; 
very sol. water and aloohoL—(B'Me 01 )jPtCl 4 : 
yellow pp. (Hofmann, B. 18, |). 

( 8 )-ConieeineCgH, 5 N. [41^]. (168°). Formed 
together with (a).conio 6 ine ( 1 ) by heating conhy¬ 
drine OgH„ON with PjOj, (2i by heating conhy¬ 
drine with fuming HCl, (3) by heating iodo- 
coniine CsH„iIN above 100°. Colourless needles. 
Very volatile. Coniine-like odour. Secondary 
base of strongly alkaline reaction. Weaker poi- 
' son than the (a)-oonicein 6 . . 

Salts.-BHCl: colourless, very soluble 
prisms.—BUClAuCIj. • 

{ 7 )-Conioe’ine OaH,jN. (173°). Obtained by 
the action of aqueous alkali upon the bromo- 
derivative C^j^NBr formed by treatment of 
coniine with bromine in alkaline solution; the 
yield is 30 p.c. of the coniine. Colourless liquid. 
Not solid at — 60®. Volatile with steam. About 
12 times more poisonous than coniine. SI. sol. 
water. Strongly alkaline. Lighter than water. 
Secondary base. By further treatment with 
bromine and alkali it ia converted into tri-bromo- 
oxy-coniine OgHj^BrjON. By digesting with 
methyl-iodide and alcoholic NaOH it yields the 
methylo-iodide of oxy-di-metbylo-coniine 
CeH,jMe 20 NMeI. 

Salts.—B' 3 H 2 CljPtCl 4 : large crystals; S (at 
20°) 2-4.—B'HClAuClj; sparingly soluble crys¬ 
tals.—B'jHjCljSnCl,: large crystals, the most 
characteristio sidt of the base. 

Acetyl derivative C8Hj^NAo(262°-256°); 
oil (Hofmann, B. 18, 111). ^ 

Oxy-coniceiuo C,H,jON {210®-220®). Formed 
by reduction of di-bromo-oxy-coniceine with tin 
and HCl (Hofmann, B. 18, 125). Colourless 
fluid. Volatile with steam. By digestion with 
alcoholic KOH it loses H^O and is converted into 
conic^dine Cj^Hj^Nj. 

Salts. —B'HCl: colourless needles. — 
B'HCIAuCl,: easily soluble thick needles. The 
stannic double chloride is sparingly soluble. 

Di-bromo-oxy-conicolne CgH^BrjON. Formed 
by spontaneous decomposition of tri-bromo-oxy- 
conuiie,thus: 20 sH, 4 BraON = C,flJ,B^ 30 N,HB^■»• 
CaH|»Br 20 N. Prepared by shaking the tri- 
bromo-oxy-coniine hydrobromide with aqueous 
NaOH and ether. By tin and HCl it is reduced 
to oxy-coniceiqp (Hofmann, B. 18,124). 

ConiceXdine [56®]. (above 300°). 

Colourless needles. Sol. alcohol and ether. 
Formed by elimination of HjO Irom oxy-ooni- 
celne by digesting it witti alcoholic KOH. 

Salts.—BHCl: small sparingly soluble 
tables.—B^HsCl^PtCL: nearly insoluble ne^es 
(Hofmann, B. 18,12^. 

Conhydrine OgH„NO. Oxy-oonime. [121°], 
(225°) at 720 mm. Accompanies coniine in hem* 
look seeds (Wertheim. IT. 47 [2] 299). Glit¬ 
tering plates (from otWr). U. soL water, t. soL 



COPAIBA BAtSAM. 


Alcohol and other. Alkaline. Does not reaot 
with nitrous aoid. Is a weak nanjptio poison. 

2?eac^wns.—1. By the aotion ol P-O* it is not 
oonverted, as Wertheim (A. 137,75) supposed, 
into ooniine, but into a mixture of (a)- and (j3)« 
conioeiae OgH„N. These pioduots are ^so 
formed by heating conhydrine with strong HOI 
(Hofmann, B. 18, 6).—2. By heating with HI 
and F it is converted into an iodo-ooniine 
ObH„IN, which on heating above 100'^ is oonverted 
into the hydroiodides of {a)> and (d}«conioeInd, 
and is reduced by^in ana HGl to coniine.—3. 
PBr, converts it into a bromo-coniine C^Ht^BrN. 

Salt.—B'jH^tCl,: red crystals. The sul¬ 
phate is also crystalline. 

Ethyl-conhydrine CgHjaEtNO. Formed by 
the action of KOH on the crystalline compound 
of conhydrine with EtI. Oil. 

EthylO‘iodidd 0«H,gBtN0EtI. Trims- 
trio crystals; a:6:c=*8823:1:*105 (Zepharovioh, 
Sits. W. 47 [1] 276). Converted by Ag^^O into a 
caustic ethylo-hydA)xide, whence HOI and PtClg 
give (OgHigEtNOEtCljjPtClg: dimotrio crystals; 
a:c-l: *870. 

Paraooniceine CgH,jN. Paraconiine. Mol. 
w. 125. (1G9^). S.G. a *913; ea *842. 

Formation. —1. By heating butyric alde¬ 
hyde with alcoholic NH, and distilling the re¬ 
sulting dibutyraldine (Schiff, A. 167, 352; 166, 
08; B. 6, 42).—2. From butylidene chloride 
CHj.CHa.CHj.CHCL (or bromide) and alcoholic 
NHj at 180*^ (Michael a. Gundelach, Am. 2,172; 

B. 14, 2105). 

Properties. —Yellow liquid, smelling like 
coniine. V. sol. alcohol and ether; si. sol. 
water. The aqueotis solution becomes turbid 
when warmed. Inactive. As poisonous as 
coniine. Chlorine water produces in the aqueous 
solution a white pp., sol. IlCl. The hydro¬ 
chloride, when evaporated, becomes violet. 
Iodine dissolved in K1 gives a brown pp. Is a 
tertiary basef-B'jH,.Pt01g: orange crystals. 

•‘Paradiooniiae’C,gHg,N. (210^). S.G. 15 *915. 
Formed, together with paracoJiiceine, bythe pro¬ 
longed aotion of alcoholic NK, on butyric alde¬ 
hyde. Its salts are amorphous. 

COIHMENE C„H„. (264'’). An essential 
oil obtained by stcam-distillatlon from oonlma 
or incense-resin (called also Gum Hyawa), the 
prodaoeofjrc^h^^iphy2Za(Stenhouse a. Groves, 

C. J. 29,175). 

CONQFInAMIBE v. Cinchona bases. 

COKQUIKEKE V. Cinchona bases. 

GONQFINIITS i;. Cinchona bases. 

COirSTITUTION, CHEMICAL (c/. Composi¬ 
tion, OHHMiCAii).—The conception of chemical 
constitution is a development of that of chemi¬ 
cal combination. All ^ur present notions on 
the subject of constitution are esventially mole¬ 
cular and atomic. We cannot, indeed, express 
our conceptions of ohemlcal constitution without 
using the lan|u^o of the molecular theory. 
The ohemioal molecule is regarded as a definite 
structure built up of atoms, or groups of atoms, 
which are related to one |nother in a definite, 
although as yet unknown, way. The ppperties 
of the molecule are regarded as conditioned by 
the nature and number of the atoms, and also 
by the relations between the atoms, which form 
the molecule. Our only method of expressing 
(ha zelationa which undoubtedly exist between 


the parts of molecules is based on supposing 
these relations to be essentially spat s-relations. 
We try to picture the molecule as a oonfigum- 
tion of parts, each of which bears a definite 
spaoe-relation to each other, while all are capa¬ 
ble of i^rforming regulated motions without the 
disruption of the molecule. 

This conception of the molecule as a struc¬ 
ture is developed in the hypothesis of valency, 
and attempts are made to give consistent repre¬ 
sentations of it, with the help of certain conven¬ 
tions, in constitutional or structural formula) 
{v. Equivalbnoy ; FoiiMaL.E; Isomerism). 

M. M. P. M. 

CONTACT ACTION v. Chemical chanoe. 

CONVALLAMARIN 02,H.,0,2. Occurs, toge- 
thor with oonvallarln, in the lily of the valley 
{Convallaria majalis) from wHioh plant it may 
be extracted by alcohol (Walz, N. Jakrb. Pharm, 
1858, 10, 145; Langelbert, J, Ph. [5] 10, 26 ; 
C. J. 48, 271). Powder, with bitter taste, v. sol. 
water and alcohol, v. si. sol. ether. Decomposed 
by boiling dilute^H^jSOg into glucose and con- 
vallamaretin, which separates in crystalline 
spangles, and becomes resinous in boiling 
water. 

Convallarin. Rectangular columns. Insol. 
water and othor, v. sol. ether. Resolved by boil¬ 
ing dilute acids into glucose and convallarin. 

CONVICIN V. VioiN. 

CONVOLVULIN 0„H,oO„. [160®]. Occurs 
in tuberose or oillcinal jalap root (from OonvoU 
vulus Schiedanus), and may bo extracted from 
jalap resin by washing mth ether, thon exhaust¬ 
ing with alcohol, and evaporating the alcoholic 
extract (Mayor, A. 95, 161; A. F. Stevenson, 
Pk. [3] 10, 644). A hard resin. Odourless, 
tasteless. Sol. chloroform, and hydro-chloric 
aoid; insol. water, ether, light petroleum, C3„ 
bonzene, and oil of turpentine. After being taken 
internally it is not seoroted unaltered (Dragen- 
dorff, 0. C. 1886, 689). Dissolves in HSO^ to 
a bright red Colour. Potassium chromate, per¬ 
manganate, nitrate, or chlorate give an odour 
of rancid butter and an olive green colour. 
Cone. HNOj gives oxalic aoid and ipomio acid 
OHO 

Convolvulio acid CjiIIypi, (?) [100’-120®]. 
Formed by boiling oonvofvuiin with baryta- 
water (Kayser, A. 81; Mayer, A. 83, 126; 
95, 162). White hygroscopio substance; sol. 
water and alcohol, insol. ethor. 

Salt s.—KA' l^aq: [100®-110'’]; amorphous.— 
BaA'j.—PbA'g. 

Convolvullnolio aoid Cs^H^sOgaq. [39®]. 
Formed, together with glucose, by the action of 
emulsin or of dilute acids on oonvolvuUo aoid. 
Minute needles: v. si. sol. water, v. e. sol. alco¬ 
hol, m. sol. ether. Tastes bitter. Cono. HjS 04 
(urns it red. Oono. HNOg gives oxalic and ipomio 
acids. The same body, or an isoineride, is formed 
by fusing convol^lin or oonvolvulic acid wiUi 
moist NaOH. It forms salts: BaA'^aq (at 
100°).-PbAV“-CuA', taq (at 100®). 

• OOKTLENE v. Octinenr. 

COflYLENE BROMIDE v. Di-bromo.oqttl* 
eme. 

OONTLENS GLYCOL v. Di-ozt-ootylsns. 

OONYBINE is (a).PBr>ptL-PXRii)iNS (q.v.). 

COPAIBA BALSAM. E.xudes from incisions iu 
(ha stems of various species of Cqpa^ero. Dioretio* 
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OOPAtBA BALSAM. 


ItoontaiQSalfivorotatoryterpdne/Oopaiba oil) 
{250®~260«) ? S.G. ‘9; V.D. 9'6. The ter. 
pene from ordiiiary copaiba balsam yields a crys* 
talline hydroohloride C,^^^4HC1 [77®], bat those 
from Maracaibo balsam do not (Bonastre, J, Ph. 
11, 529; Ader, J. Ph, 16, 95; Gerber, Brande’s 
Arch, 80, 157; Blanchet, A. 7,156; Soubeiran 
a. Gapitaine,PA. 26,70; ^.34,821; Fosselt, 

A. 69,67; Lowe, Ph, 14,65; Strauss, 148,151). 
The terpene from Maracaibo balsam yields 
terephthalio acid on oxidation (Brix, M. 2, 507). 
Moist copaiba oil distilled over sodium gives a 
dark blae hydrate O,o^u^aq (252®-260®). The 
different varieties of copaiba balsam also con* 
tain resins and resinous acids (Stoltze, Jahrb.f, 
Pharm. 27, 179; OberdOrfer, Ar, Ph. [2] 44, 
172; Uiek, Ar. Ph. 122, 14; Stockhardt, Ar. 
Ph. 88, 12; Procter, Ph. 10, 603; Boussin, J. 
Ph. [4] 1, 321; Schweizer, P. IX, 784; 21,172; 
Bose, P. 88, 83; Hess, 29,140; Fchling, A. 
40,110; Wayne, Am. Joum. Pharm. [4J 3, 326; 
Siebold, Ph. [8] 8, 250; Bowman, Ph. [3] 8, 
830; Martin a. Vigne, J. Ph. 1842, 62). On 
oxidation with E^Cr^O, and IL ^4 copaiba balsam 
yields tt.di‘m6thyl.saccinic acid [140®] ^evy, 

B. 18, 8206). 

Copaivic acid G 2 oHs,Os(?) Extracted by 
alkalis from copaiba balsam (Bose, A. 13, 177; 
40,810; Eliickiger, J. pr. 101,235; Bush, Ph. [3] 
10, 6). Crystalline.—CaA'j.—PbA'j.—AgA'. 

Xetaeopaivio acid [206®]. Ex¬ 

tracted by alkalis from Maracaibo balsam ob¬ 
tained from Columbia (Strauss, A. 148, 153). 
Plates. Insol. water, v. sol. alcohol and ether.— 
CoA'^aq. ~ Ag^A^aq. 

Oxyoopaivic acid Cg^H^nO,. [c. 120®]. Found 
in a balsam from Para (Fehling, A. 40, 110). 
Crystals. Forms an amorpWus hydrate 
PbAV-AgA'. 

OOFAL. This name is given to a variety of 
resins which exude from different trees, e.g. 
Bhui copoXtJvna. Eleocarpus copalifer, Hymctusa 
verrucosa^ Dammara australis. They contain 
many resins, and often yield terpenes on distil- 
lation (Filhol, A. 44, 323; Thomson, A. 47,351; 
Sohibler, A. 113, 339; Unverdorben, B. J. 11, 
266; VioJette, C. B. 63.461; Muir, G. J. 27, 733; 
Bennie, 0. J. 39, 240). A similar substance 
(oopalin) is found fossilised at Highgate (John- 
•*on,P.M.[3]'14.87). . 

COPELLXBIKE v. Tux - msthyl • pyriuinb 
HXXAH mnxnE. 

COPPER OBOOP OP ELEKEKTS. Copper. 
SxLVSB, Gold. These metals occur native; they 
have been known and used from very early 
times. They show a general resemblance to 
each other in their physical and chemical pro- 
perties, but there are diffetences between them. 
The table in the next column presents some of 
^eir properties. 

The three metals are hard, lustraus, malleable, 
tenacious, and ductile; they^re go^ conduc¬ 
tors of electricity; they crystallise in forms be¬ 
longing to the regular system. Cu is oxidised 
by treating in air; Ag combines very slowly with. 
O at extremely high temperatures; Au does not 
directly combine with O. Ou and Ag interact 
with acid to form salts; Au is acted on by aqua 
regiot but not by HClAq or BNO, separately. 
Cu decomposes steam at a red heat} Ag and Au 
are without action on steam. 


e . 

Oopper 

SUver 

Child 

Atomic weight , \ 

6S'S j 

1 107*681 

197 

Koleoalar weights are asicnowa. 

Jfeltingiioint. . 
SpeeiAe graoitg 
(approximate). 
Atomic ioeight . 

0 .IIOQO 

8*8 

7*8 

•095 

0 .IOOO®. 

10*8 

10-8 

•057 

0.1^ 

19*1 

10*1 

•0624 

Specific gravity . 
SpeAfic heat . . 

Heats of formation of rarlons compoands (Thomsen), 

rM’.oi“i , . . 
[S1%0] . . . 

(M*,Sj . . . 

65,760 

40,810 

80,270 

58 ,740 
5,990 
5,340 

11,620 

Heats of nontralieatlon of oxides (Thomsen). 

[IPO.fflCIAq] . 1 

1 49 .SOO 

49,(80 

tAuO*H»8HCUqJ 

«il8,440 


General fonnula: and character of compounds, 
•^Oxides. MO and MjO, also Au^O,. SmI- 
phideSt MS (except Ag), MjS. Haloid com¬ 
pounds t MXg (except Ag), MX or M 2 X 2 , AuX,. 
Salts^ CujX,Ag„X, andafewAUjX; CuX; slew 
Au^X; (X«S 04 , 2 NO„CO„p 04 .SA.&o-)- The 
oxides GuoO and Au^O are produced by reducing 
cupric and auric salts, e.g. GuS 04 Aq and AuCl,Aq, 
in presence of an alkali; AgjO is obtained by 
adding alkali to anargentous salt.s.^. AgNO,Aq. 
Addition of alkali to a cupric salt, e.g. CuS 04 Aq, 
ppts. CuO.HjO, which loses water on heating to 
duU redness; addition of alkali to an auric salt, 
e.g. AuCljAq, ppts. AUjOj.dHjO, which lo iS 
water at 100 ®, and at a higher temperature be¬ 
comes AuO; argentic oxide AgO is formed by 
the action of ozone on Ag^O. Of the oxides of 
Cu, GuO is the more stable; it dissolves in acids 
and forms a large series of well-marked salts; 
CujO forms a few salts by directly interacting 
wi^ acids, but generally it reacts to form salts 
of CuO with separation of Cu. Of the oxides of 
Ag, AgjO is much the more stable; it reacts with 
i acids to form argentous salts; AgQ acts towards 
acids as a basic peroxide, forming argentous Skits 
and evolving 0. None of the oxides of Au is 
stable; a few salts corresponding to each are 
known, e.g. AUjSjOs derived from Au^O, AUSO 4 
from AuO, and AuOl, from Au,Og. The oxides 
of Cu and Ag are distinctly basic; moist Ag^O 
acts like a weak alkali, although a hydroxide has 
not been certainly isolated. Au^O and AuO are 
feebly basic; AugOj is also feebly basic, but it 
likewise dissolves in EOHAq to produce a salt, 
XAuO,, in which Au forms part of the negative 
radicle. 

The sulphides Cu^S and Au^S ore produced 
by the combined action of H.,S and reducing 
agents on cupric and auric salts; e.g. a cupric 
salt heated in HgS aifd then in H gives Cu^S; 
AuCl, dissoli^d in ECBAq and p^. by 
gives Au,S. Argentous salts give Ag^S on addi¬ 
tion of The sulphides CuS and AuS are 
formed by reactions between HfS and cupric or 
auric salts. Both sulphides of Cu, and sulphide 
of Ag, ore stable; Ou^S being the more stable of 
the Cu sulphides. These sulphides are basic, 
forming some compounds with the sulphides of 
less positive elements, e.g. OUgS.SbgS,; OugS also 
forms some double compounds in which it 
appears to be negative to the other constituent, 
e.g. K,S.3Ca,S.20uS. Au,S when freshly ppd. 
dtssoives in water; both this sulphide and Au 8 
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dissolTS in alkali sulphides to form sulpho-salts, 
e.g. NaAuSi KAuSj* 0 

The salts of Cu belong to two series; s.g. 
COjClj representative of cuprous salts, and CuSO* 
representative of ouprio salts; the cupric salts 
are the more stable. Silver forms but one series 
of salts, the argentous salts, e.g. AgNO„ Ag^SO^. 
Few gold salts are known; AUjSp, is a repre¬ 
sentative of the aurous salts, AuSO^ represents 
the auro-aurio salts, and AuGl, belongs to the 
aurio series. Auric chloride and bromide AnCl, 
and AaBt] combii^ with HCl and HBr respec¬ 
tively, forming the monobasic acids HAuCl^ and 
HAuBr^. Gold is distinctly the most negative 
of the three elements Cu, Ag, Au; the non-inc- 
tallic character of Au is shown in the formation 
of aurates, e.g. KAnO.^ derived from Au-Gj, of 
sulpho-aurates, e.g. NaAuS and KAuS^, derived 
from AuS, of the acids HAuCI^ and HAuBr^, and 
in ^e instability of the salts of Au. Silver is 
dis^ctly metallic in all its chemical relations. 
Cu is also metallic, but the formation of such 
compounds as KjS.3Ca^S.2CuS shows a tendency 
of Cu to react as a feebly non>mctallic element. 

The position of the elements Cu, Ag, Au in 
the scheme of classification based on the periodic 
law is peculiar (v. CL\ssiriOATroN, p. 204). These 
elements are placed in Group I.; this group com¬ 
prises lii, Na, K. Kb, and Cs, which are the most 
positive, and chemically the most metallic, of all 
the elements; but Cu finds a place in the long 
period containing the metals Fo, Ni, and Co; 
Ag comes in the long period which contains Rh, 
Ku, and Pd; and Au follows Os, Ir, and Pt. The 
three sections of Group VIII., viz. (1) Fo, Ni, Co, 
(2) Bh, Ku, Pd, (3) Os, Ir, Pt, appear to impress 
tlieir own properties on the elements immedi¬ 
ately preceding and succeeding thorn. Cu, Ag, 
and Au exhibit analogies at once with the other 
members of the group to which they belong, aiid 
with those metals of Group VIII. which form 
part of t'he*lon'j periods including Cu, Ag, and 
Ah respectively. The analogies with the metals 
of Group VIII. are shown in the physical pro¬ 
perties of Cu, Ag, and Au, and also to some ex¬ 
tent in their general chemical cliaracters. The 
analogies between the alkali metals and the ele¬ 
ments of the Cu group are shown in the com¬ 
position of the alkali salts and the cuprous salts, 
tlie argentous salts, and the few aurous salts 
which have been isolated; also in the basic 
character of cuprous, argentous, and aurous 
oxides. The existence of AgO and CuOo, and 
the fact that these behave as peroxides, esta¬ 
blishes an analogy between Cu and Ag on one 
side, and Na or K on the other; Ag also forms 
an alum, Ag3S04.Alj(S0,)*.24Hj0; moist Ag.O 
reacts as a weak alkali; ^bo non-existenoe of any 
salts of Ag except those of *^6 type AgX 

(X = ?2i:NOM <kc.) establishes another resem- 
' 2 % 

blance between Ag and the alkali metals. It 
should be noted here that the molecular formula 
of cuprous chloride is Cu^Cl^, while that of silver 
chloride is AgCl; in this ^oint Ag resembles the 
alkali metals, as the molecular formulce KCl and 
CsCl have been established. Au differs more 
than either Cu or Ag from the alkali metals; this 
difference is emphasised in the acidic oliaracters 
^ Aa^ 9 , A«,B, and AuS, in the formation of 


BAuOli, Ae., and in the great instability of the 
salts of An; on the other hand, the solubility in 
water of Au^O and Au,S suggests the solubUily 
in water of the oxides and suiphidos of the alkali 
metals. The methods of formation of Anfi and 
AujS fyiggest the processes by which Cu^O ami 
Gu.jS are formed. (For more details about tho 
metals of the copper group, v. Copper, Silver, 
Gold ; v. also Nodlb hetals.) M. M. P. M. 

COFPBB. Cu. At. w. 63'2. Mol. w. unknown 
(c. 1X00*^; for various determinations v. Camel- 
ley’s Melting and Boiling Points). 8.G. varies 
from 8’36 for finely divided Cu to 8‘96 for ham¬ 
mered Cu (ly. Playfair a. Joule, 0. S. Mem. 3, 57; 
Dick, P. M. [4] 11, 409 ; Baudrimont, J. pr, 7, 
287; Hampe, 0. C. 6,379; Marchand a. Soheerer, 
J. pr. 27, 193, * 0 .). S.H. (IS’^-lOO*') -0933 ; 
(16»-172°) -0948; (17®-247^) *0908 (BMe, M-irn. 
B. 27 [1856-6^J. C.E. {linear O'^-lOO'^) •000013GO 
(Matthiessen, Pr. 15,220). C.E. (cubical) Vt = V® 
(1 + -00004443^ + *0000000555^^) (Matthicssea, 

1. C.). T.C. (Ag = 100) 73*6 (Wiedemann a. Franz, 
P. M. [4] 7, 33). E.C. at 0 .19° (Ag wire = 100), 
<J3 (Matthiessen? Tr. 1860; Pr. 11,1‘26). E.C. 
at 0“ (Eg at 0° = 100) o. 62-54 (Siemens, P. M. 
[4] 21, 24). E.G. is much decreased by small 
quantities of P, As, Zn, Fe, Sn, d:c. (y. Matthies¬ 
sen, {.c.). Emission-spectrum characterised by 
lines in the green 5217,5153, and 5105 (Thai^n) 
Hartley (TV. 1884. 105) gives the following as 
prominent lines of high refrangibility: 3273*2 
3246*9, 2544*6, 2370*1, 2248*2, 2247*7, 2244, 
2243'5. Crystallises in regular ootahedra. S.V.S. 
c. 7*1. 

Occwrrsncc.—Very abundantly; as metal, 
oxide, sulphide, chloride, arsenate, carbonate, 
phosphate, sulphate, silicate, and vanadate. 
Small quantities of salts of Cu are found in sea- 
we'ed (Malaguti, A. Ch. [3] 28,129); in sea-water 
(Dieulafait, A. Ch. [5], 18, 349); in the blood of 
various animals (y. Harless, Chem. Gazette^ 1848. 
214; Geuth, P.96, 60; J. 1848. 871,874; 1849.' 
530; Ulex, J. pr. 04, 37C; Wioke, W. J. 1866. 
73); in flour, eggs, Ac. (Odling a. i)upr4, Guy's 
Hospital Reports, October 1858); in all plants 
that live on primary rocks or on soil derived from 
these rocks (Dieulafait, A. Ch. [5] 10, 650). In 
many mineral waters. Copper has been known 
and used for making tools from very early times. 

Formation.—From native oxides and car¬ 
bonates by melting with silica in presence of 
lime and charcoal; silicate of calcium is formed 
and the charcoal reduces the oxide of copper.— 

2. From native sulphides, and sulphides of Cu 
with Fe, Ac., by roasting and tlicn melting; CuO 
is first formed, and then reacts with FeS in the 
ores to form CuS and FcjO,, the greater part of 
the iron passes into the slag; by repeating this 
process approximately pure CuS is obtained; this 
is roasted so as to convert a part of it into GqO, 
the mixture tpf CuO and CuS is melted in closed 
apparatus when* SO; and Cu are produced 
(20uO + CuS « 3Ca + SOJ; the impure copper is 
refined by poling, a process consisting in stirring 
the melted metal, covered with a layer of anthra¬ 
cite, with a green pole of birch or oak, the heated 
wood evolves reducing gases (GO, H^O, hydro¬ 
carbons).—8. From oxide, or from roasted native 
sulphides, by treatment with heated oono.NaClAq 
whereby CuCi^ is formed and dissolved, followed 
by ppn. by means of scrap iron.—4* From oxidn, 
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. -- 7 -—™"— I ths Ott is melted nadet ehnwiniH : ; 

»ieqnentppnl»ysm!n»^t^ wtthCaOIj and | by action of traces of S in the Ca on trawS 
- Jo;2Fe^o-^S I CaOpi^sent /bict, P. M. [4] 11,409; mScs 

PnparaHon.~l. Commercial connor ><> ^ hammered and pressed into 

h.so,a, , Pbs§!isV. Sr C"/VRkmM 


hertl . J f.® powder >‘S 

“®"ly but iot quite 
f ’ -11° “ *'®®d from Zn or by 

i™]** dUute HClAq; it is then 

j*?’ ““der borax; or the pp. 

“O'd is washed, dried 
^ ’’«®‘ed in a stream of H 

^ttgor, A. 89, 172). [For impurities in com- 
? ri “• ^'®*d, C. J. 14, 280.1— 

^Cu80,Aq 18 mixed with KC,H,0.,Aq, aiid 
wadded; Cu ppts. quietly (Wohler, A. 

ooPPor is dissolved in 
™‘®''’ ‘'■o co'at'on is 
^ed with a little HNO, (to oxidise Fe salts) and 
^stalhsed the crystals are re.crystallised from 
water, absolved and electrolysed (Millon a. Com- 
d2d9).-4. Hampe {Fr. 1874. 
882) adds KOHAq to CuSO,Aq until a pp. of 
banc salt IS formed (this pp. conlaius any Bi 
Which might have been present in the CuSO,) ; 

thefilteredsolution is evaporatedandcrystallised: 

tte o^stals are dissolved in the smallest possible 
water; 90 cc. oono. HNO,Aq are 
Mded to every 000 oc. solution; an electric cur- 
“9“‘d osiugoone- 
toaped Ft electrodes, the current being stopped 
Mfore the whole of the Cn is ppd., whereby Fe, 
Zn, and other metals remain in solution; the 
ppd. Un IS washed and dissolved in pure HNO Ao 
i® evaporated to dryness, and'tlie 
WlNOJj obtained is decomposed by heating; the 
'’/• ^®,»‘‘“8 “ pure H. The Cu 
°««>ned is dissolved in ILSO.Aq ; crystals 
of OoSOa arc obtumA/i ans^ _:_^ 


■ . / —~~.«wvva vu tu a Bfcrtiaxu Or 

,«lls. Molten Cn absorbs varions gases (Hampe, 

1874 a. 1876; Grafiam, P, M. [41 32. 
mr ’y r® of ■ ^ V*? = M“ehand a. 8ohee' 

y ^^ins°«si f- ! ^enz, 

ImMtitWfit*?^'j—“ considerable 
‘^1 absorbs -6 vols. of H. 

GriAam); the whole of the H is not given out on 

11 w! " 1 ,“!? *““‘‘"8 to 160° (Lietzenmayar. B. 
lu ‘^® *® heated to 280™it is 

slightly oxidised, and if it is Ohen heated to red- 

“i'’® ® ’““® HiO is formed, 
and the CuO is reduced (L., f^.). Cu nreoared 
by reducing CuO in H retains a little H, which 
may be removed by the method described; or 
*“ e.etream of formic acid vapour 
®'® alaoahsorbod 
by molten Cu; CO, and N are not absorbed. Cu 
“s'*'!® •’® unchanged in dry air; when gently 
heated It is superficially oxidised to Cu,0, at a 
CuO are formed; 
finely divided Cu burns to CuO in air oonsiderabljl 
under a red heat. In moist air containing CO., 

rarhonT^ T®''®'* "‘‘•'5 “ greenish basic 
oaibonate; after a considerable time the interior 

enr"onm“ ®e."‘®"W eryetals of Cu,0 (D. p. J. 
206, 200). Finely divided Cu, obtained by re. 
dacing CuO under red heat, is changed by mdi. 

7f“ii ”®®® decomposesILO 

at a full red heat, and then only slowly. Cu is 


of OuSO, are obtained; andSiXe&S : I sfotlv " '’““J' e'o^fyT' Cu^ 

of electrolysis is repeated. The metal ohtftin<» 4 i \ 7 acted on by many dilate organic acids in 

by the second electrolysis is boUed in watei to i to r6miin“'“^r ® ‘''erefore. be allo*ed 

remove traces of nndecomposedCnSO The’cn i fL ®^P®®®^‘u "'V-“'though 

thus obtained is heated to a very higi’ tempera then ThlZ ®“®'> ®®®®®'®. “ 

tnre m a porcelain tube in a current of I *^.®°‘''®eee»pmg steam removes thoair. Cu is 
00, (about 60 grams Cu at a time) unW mefted i 1'®“^,^’®“*''®'^ ’’T ^“^8 °® H,SO,Aq in pve- 
H IS then passed over the molten metal for <! ' n a ?* “*r; cone, hot H.SO, forms CuSO, and 
1^, and finally it is allowed to cool fo CO — ^ S®i'?nd f 


wxvu suioa ainc powder 
pounng ^ the liquid before quite colourless 
washing the residue with dflute HCUq, pressing 
between paper, and diying at about 76". ® 

Ffpperftcs.—A reddish-yellow solid. The red 
ejrfonr of or^ary Co is dns to »film of Cu.O 
Crystallises from mMten start, or by slow elec¬ 
trolytic deposition, or by ppn. by means of P, in 

st^“m ‘® *^® '®8 u'ar 

system. Meltsathightempoiatnre.aboutllOO"- 
6^nds.nnreUdifying; very dnetile, maUcablo! 
1^, Md elMtio; fairly tenacious; very good 
TOnd^rofhestandelectriaity; may be highly 
pohshed; sonorons. Copper melted in air a^ 
sumes a struotore on cooUng owing to 

ssoape of bobbies of gas,either CO formsd whsn 


. ,7 1, „ oomoines directly 

with Cl, Br, 8, P, Si, As, Sb, and many metals 
(t). CoPPEn, ALLOTS op)." ■' ““‘“‘e 

/,i ^eatomif. weight of Cu has been determined 
^) by reducing CuO in H (Berzeliue, P. 8 18° • 
hrdmann a. Marohand, J.pr. 81, 391; Millon a’ 

^mmaiUe, G.B. 67,147; Hamfe.FV. 18 3.6n- 
(2 by electrolysing CuSO,Aq and weighing the 

138); (8) by reducing AgNO,Aq by pure Cu an.l 
™8bmg the Ag (Eichards, P. Am. A. 22 • ng 
17^. The nhmber 63-2 is confirmed by the 8ll’ 
n“’ eojnpanson of the orystaUine foriiii 

of Cu oompounda wi4 some ferrous compounds 
*nd also with expounds of Co andNi, and with 
some oompoon^ ^ Ag. ’ 





Copper is distinctly a metaUio element; it 
forms salts by replacing the H of most acids; 
most of &eee salts belong to th# series OnX, 
SO 

where X ■=• 01, NOj, *c.; but several cuprous 

salts, Cu^, are also known. There are indica¬ 
tions of the existence of compounds of Gu with 
strongly positive metals and 0, in which the Cu 
forms part of the negative radicle of the salts, 
but such salts have not been isolated (o. Coppeb, 
oxn>EB or). Copper is analogous in its ehomicat 
relations on one hdhd to Ag, and on tho other 
to Fe, Ni, and Co; it also shows similarities with 
Au and with the alkali metals. In tho periodic 
oiassificatioD of tKe elements Cu is generally 
placed both in Group VIIL, which comprises Fe, 
Ni, Co, and the Ft metals, and also in Group I., 
which includes H, tho alkali metals, Ag, and Au 
^t). CopPBB OROUP or elements). Tho valency of 
the ttom of Cu has not been determined with ' 
certainty; the on]f compound whoso molecular 
weight in the gaseous state has been determined 
is OUjCl,, the atom of Cu is most probably di¬ 
valent in this molecule. 

Allotropic form of copper. Schufzen- 
.berger (C, li. 86, 1266) described a bronze-co¬ 
loured solid, obtained by electrolysing a solution of 
Guacotate containing some basic acetate (produced 
by boiling); the negative electrode consisted of a 
plate of Ft, and the positive of a somewhat larger 
Cu plate; 2 Bunsen- or 3 Daniell-cells were 
used; the electrodes were placed 3 or 4 centims. 
apart. The bronze-coloured body was deposited 
on the face of the Ft electrode turned towards 
the Cu plate. The deposit was lustrous; very 
brittle; S.G. o. 8 to 8*2; it contained 5 to 10 p.c. 
CuO \ it was oxidised readily in moist air; cold 
HNO^q (10 p.c.) dissolved it readily with evolu¬ 
tion of nearly pure NjO. This substance was 
changed to ordinary Cu by heat. No H was 
evolved by Ijsating to 100® in COj. Wiedemann 
(W. 6, 81) says that the substance obtained by 
electrolysing Cu acetate as described is ordinary 
Cu containing CuO sometimes amounting to 36 
p.c.; Schiitzenberger {Bl. [2] 31, 291) asserts 
that his allotropic copper is changed to ordinary 
copper without change of mass (u. also Mackin¬ 
tosh. 0. N. 44, 279). 

Bcactions.-^l. Cu decomposes water slowly 
at a full red heat (Kegnault, A. C/t. 62,364).— 
2. In dry air Cu is unchanged; but in ordinary 
moist air it becomes covered with a film of a 
basio carbonate (D. P. J. 206, 200), and crys¬ 
tals of Cu,0 are formed in the interior of tho 
mass.—8. Heated in oxygm CuO is formed; very 
finely divided Cu is said to form Cu.^0 in oxygen 
without heating.—4. No4 acted on by weak acids 

absence of avr^ but slowly dis^ved by dilute 
EClAq, Ac., in presence of air. Thomsen gives 
those thermal oata (TA. 3, 320):—[Cu, O’, SO*] 
-111,490: [®u, 0», 2NO’, 6H’0]« 96,950; 
(Cu, 0, H’SO'A^-66,960; [Cu, 0, 2HNO»A^ 
-62,410.—6. In very cone, nitric acid Cu is 
patstMt because of formation of layer either of 
NO or CuO (of. Fassiviiysof Iron, under Ibon). 
Dissolves rapidly in less cone, nitric acid giving 
ofl NO and N.O.— 6. Cone. h/ydwMorie add in 
presence of au: dissolves finely divided Cu, form* 
fng CuaCl, and evolving H (Odling, 0. J.fi, 291); 
less COM. BCUq diisolvea Oa when 


heated with it in presence of dir.—7. 
sulphuric add in presence of oxygen slowly & 
solves Cu (forming according to Traube, 

B. 18,1887). Cone. 1 ^S 04 acts on Cu even at 
20®, forming Cu^S, and CaS 04 ; at higher 
temperatures SOj, is evolved, untiK at 270® the 
action t is represented by the equation 
0u + 2 HaS 04 »=CuS 04 + S0j+2H80 (Pickering, 

C. «r. [2] 18,112).—8. Sulphurous acid slowi^ 
acts, forming sulphite and i^SOjAq; if large ex¬ 
cess of HaSOyAq is used, CuS is formed along with 
S (Gausse, Bl. [2] 46,3).—9. Cone, hydriodio acid 
attacks Gu forming Cu,!, and H.—10. Aqueous 
solutions of many metallic salts slowly dissolve 
Cu; chlorides and nitrates, especially of ammo¬ 
nium, are the most active (v. Fattison Muir, 
a N. 34, 223, 234; Carnelley, C. J. [2] 15,1). 
According to Traube (B. 18,1887) Cu dissolves 
in (NH 4 ).^COsAq with production of H-OgAq.— 

11. Ammonia Elution slowly dissolves Cu with 
previous formation of CuO; SchOnbein (B. B. 
1856. 680) says that CU-NH 4 nitrite is pro¬ 
duced. Heated in ammonia to full redness, Cu 
becomes brittle wad now contains N, a nitride is 
probably formed (Warren, C. N. 56, 165).— 

12. Sulphuretted hydrogen forms CuS.—13. Many 
fatty oils, e.g. olive, rape, linseed, Ac., dissolve 
considerable quantities of Cu (Thomson, C. N. 
34,176, 200, 213). 

Combinat ions.— Copper combines directly with 
the following non-metallio elements either at 
the ordinary or higher temperatures: chlorine, 
bromine, iodine, oxygen, sulphur, selenian, phos- 
phoi-us, silicon, arsenic, antimony (for details v. 
Goppbb, chlobide of ; bbomidb of, Ac.). It is 
not quite certain whether Cu combines directly 
with nitrogen or not; Blondlot (C. B. 102,210) 
got indications of combination when discs of 
Gu and Ft were strongly heated in an atmo¬ 
sphere of N (cf. Goppbb, nitbidb of). 

Detection and Estimation.- -Cu salts in solu¬ 
tion give a deep-blue colour with excess of 
NHjAq; a mahogany-coloured pp. of ferro- 
oyanide of Cu in very dilute liquids. Minute 
traces of Cu may be detected by immersing a 
small couple of Zn and Ft wires in the 
liquid, and then exposing the Ft wire to the 
vapour given oil by adding cone. H^SOi to KBr; 
if a trace of Cu has been deposited on the Ft a 
deep-violet colour is produced, due to formation 
of a compound of CfuBr,.icH,0 with HBr (Gmsti, 
G. 7, 220). Copper is often estimated by ppn. 
with KOHAq, heating, and weighing as CuO; 
also by ppn. as metal by means of Zn and Ft. 
Yolumetrio methods of estimation sa^e based on 
the reaction of ammoniacol Cu solutions with 
EGNAq to form colourless Ou(ON)j. 2 NH 4 CN; 
on the reaction of Cu solutions with lE^q to 
Cu,I„ and I; on the reaction of OugO with 
Fa,Gl,Aq to form OuCljtAq and Fe01,Aq; and on 
other reactions. Cu may also be estimated by 
electrolysis \v. Classen, Quantitative Analyse 
dutch Electrolyse [Berlin, 1886]). For details 
of methods a Manual of Analysis must be con- 
suited. ,, , ^ 

Copper, Alloys of.— Many alloys of Gu are 
muoh used in manufactures because of thdr 
malleability, hardness, and durability, and in 
some oases sonorousness. Only a him aocoont 
of the chief classes of these aUoys is * 

for devils cf these fOloys which <4 
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ttmsgly heated with oarbon'ln aboat the ratio 
Al:90u0:00. The allo^ whioh results has the 
eomposition CU|AI; it has the colour of gold, is 
▼ery ten^ious and malleable, very Ard, and 
takes a high polish. This alloy, or an alloy con¬ 
taining from 5 to 10 p.o. Al, is generally known 
as aluminium-hronce (v. Bebray, C. 43, 
926). 

2. With antimony. Cu and Sb alloy in al¬ 
most all proportions. Compounds SbCu, and 
SbCa 4 probably exist (v. Ball, C. J. 63, 1C7). 
These alloys are brittle. Sb is present in many 
varieties of bronzes and in alloys for making 
parts of locomotives. For action of acids on 
alloys of Sb and Cu v. Calvert a. Johnson, T. 
18.68.849. , 

8. With arsenic ; v. Coppkr, absenides of. 

4. With bismuth; various alloys are formed 
by heating the metals together; an alloy of 2 
parts Bi with 1 part Cu expands after solididca- 
tion (Marx, 5.68, 470). « 

6. With gold v. Boberts, A. Ch. [5] 13,133. 

6. With iron. Cu is alloyed with iron by 
fusion. (For description of alloys v. Mushet, 
P. af.^) 0, 81.) 

7. With lead. Cu and Pb melted together 
at a red heat form alloys; but the fused mass 
tends to separate into two layers; the upper con¬ 
taining much Cu and little Pb, and the lower 
much Pb and little Cu; separation is partly 
prevented by rapid cooling. Pb is found in 
many clock-metalB and bronzes. 

8. With nickel. Alloys of Gn and Ni, with 
about lOGu and 4Ni, are nearly white; alloys 
containing Cu, Ki, and Zn are largely used under 
the names of German silver, Packfong, Ac. 

9. WithstZter; CuandAgalloyinvery varied 
proportions (for details v, Boberts, A. Ch. (6) 13, 
111 ), 

10. With Hn . The various bronzes, gun- 
^metals, and bell-metals, are alloys of Cu and Sn; 
these alloys are formed by fusing the two metals 
together. Many bronzes contain Pb, and some 
contain small quantities of Fe and Sb. For de¬ 
tails of the manufacture and properties of the 
copper-tin alloys v. Dictionary of Technical 
Chmiatry. Two oompout^s of Cu and Sn ap¬ 
pear to exist, CQ 4 Sn and Ca^Sn; the evidence 
IS based on the variations in the specific gravi¬ 
ties, electrical conductivitiM, and other physical 
properties, of the alloys of On and Sn (f. Mat- 
thiessen, T, 1860. 161; Biche, C. B. 56, 
1862; Lodge, P. if. (6) 8,564; Covert a. John¬ 
son, T. 1858. 349; Boberts, P. M. (5) 8, 68,661; 
Laurie, 0. J. 63,104; Ball, C. J, 63,167). 

11. With sine Ordinary brass is an alloy 
of about 3 parts On to 1 part Zn; many alloys 
of the two met^ in various propqriions are used 
in manufactures under the names of Pinchbeck, 
Mosaic gold, Ao. Modem bronze is generally 
an alloy of On with sine and Hn. These alloys 
are formed either by fusing the metals together^ 
or by heating Cu with ZnO uid obarco^. In 
some cases one metal is ppd. on the other from 
eolation. For details regarding the manufao- 
tnre, properties, and usee of the various brasses, 
Ac., V. Dictionary qf Technical Chemistry, 
Then are indioatiems of the fonnation of a com- 


pound Cu md Zn, vit. Oazn, (v. Umie, O. /. 
m, 104). For aofion ol adds on Ca-Zn a3kfi 
V. Cdveri t. Johnson, 0. J. [3] 4, 435; also 
Matthiessen, C. J. [2j 4, 602. 

Copper. Aatlmonate of. Cu(SbOs)j.6HaO 
(Premy, A. Ok. [3] 12, 499; Heffter, P. 86,418). 

Copper, Antimonides of (o. Ooffeb, aisLots 
of). 

Copper, Arsenates of. Cu6Hj(AsOj4.2IIaO, 
and CUs{As 04)8 (v. Absenio, acids op, vol. i. 308). 

Copper, Arsenides of. The compojnds 
CUjAs, Gu,^b, and Cu^AQ, occur native as 
Doineykite, Algodonite, and Darmnite, respec¬ 
tively. According to Lippert {J.pr. 81, 168) the 
grey deposit obtained by heating Cu in an HCI 
solution of AaDf in Cu^As^; when this is heated 
in H, Cu^As remains. 

Copper, Arseaites of. CuHAsO,, and 

Cu(As02)3; V. Arsenic, acids of, vol. i. 806. 

Copper, Boride of. When amorphoir9 B is 
heated with Cu in a crucible for some hours, 
above the M.P. of Cu, a yellow, very hard, brittle, 
mass is obtained, S.G-. 8*116; this is CutB, ac¬ 
cording to Marsden (C. J. 87, C72). 
i Copper, Borofluoride of. Cu (BFJj, v. under 
Copper, fluorides op. 

Copper, Bromides of. Two bromides am 
known, CuBr^, and CujBrj (or CuBr). The mola- 
oular weight of neither in the gaseous state has 
been determined; but judging from the chlorides 
the formolie given are probably molecular. 
Thomsen gives the thermal values [Cu'^Br’Q 
-49,070; [Cu.Br^-32,680; [Cu^r*,Br*3 
-16,190; [Cu,Br»,Aq] = 40,830 (Th. 3,319). 

I. CuFRic BROMIDE, CuBr,. (Copper dibrom* 

ide.) Prepared by dissolving CufOH), in HBrAq, 
or digesting Cu turnings with excess of BrAq, or 
adding KBrAq to CoSiF,^q; the green solution 
turns brown on evaporation; when the residue 
is gently heated, GuBr, remains as a graphite- 
coloured fusible mass. If the gre^n solution is 
evaporated in vacuo over CuBr, is ob- 

tained in lustrous iodine-coloured crystals (Bam- 
melsberg, P. 65, 246). By evaporating in air, 
Berthemot (A. Ch. 44, 386; v. also Ldwtg, P. 
14, 485) obtained greenish-brown crystals of 
CuBr2.5H20. GuBr, is deliquescent and very 
soluble in water; when heated it gives CuBr and 
Br. This bromide combines with ammonia to 
form CuBra.6NH, and CuBrj.SNH,; the former 
is a blue powder obtained by passing NH, over 
CuBrj; the latter forms dark-green crystals, ob¬ 
tained by adding alcohol to CuBr.Aq saturated 
with NH, (Ramroclsberg, P, 66, 246). These 
double com^unds dissolve in water; on dilution 
Ca(OH)a is ppd.; when heated they give off 
KH, andNHfBr and^leave a mixture of OuBri 
and CuO. ,, 

II. OCPBOUS BBOKIDB. (CoppST mOtlO^ 

bromide.) Prepared by heating C^r,, by pass, 
ing Br over heated Cu, or by fCaction botweeo 
Cu and CuBrjAq mixed with FeBr,Aq (Renault, 
C. B. 69, 819). A white powder, insoluble in 
water. S.Q. 4*72; M.P.-604®; B.P. between 
861° and 964° (Carhelley a. Williams, 0. J. 87, 
126). Not decomposed by eono. HaSO,, but by 
HNO»Aq (Berthemot, A. CA.r2]44, 885; Ldwig, 
P. 14, 485). Turns bluish in sunlight and is 
then less soluble than before in NaOlAq ot 
NagSiO^Aq (Benaulti 0* Bat 69,919}* 
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Copper) Ohloridei of. T«o chlorides of oop* 
per are known, CuOl.^ and OnOl or Cu^Oi,. Many 
experiments have been made onothe V.D. of 
cuprous chloride; it is very probable that the 
molecular formula of this salt is Cu^Gl,. Thom¬ 
sen gives the thermal data [CuSCV'^] 65,750; 
rCu.Ol®] - 61,080; [Cu, 01^2H’'0] - 68,600; 

CuOI*,2H='0]» 6,870; [Cu,01^Aq] - 62,710 {Th. 
8,819). 

I. COPMO CELORIDB. CuCly (Cop^ du 
chloride.) 

Preparation.—1. By burning Gain 01 gas, or 
by passing Cl over heated OuCL—2. By dis¬ 
solving Cu in aq^ia regia, or in boiling cone. 
HClAq in presence of air, or by dissolving CuO 
or CuCO, in hot HClAq; the green solutions 
thus obtained are evaporated and the crystals of 
CuCl,.2HjO which form are heated to 100°.— 
8 , By mixing NaClAqwithOuSO,Aq, evaporating, 
filtering from Na,8j0), evaporating, and heating 
the CiiClj.2HjO obtained. 

Properties and Rations. —^A brownish-yellow, 
deliquescent, solid; melts at red heat and gives 
OuOl and Cl. Easily soluble in water, solution 
in a very little water is dark-green (Solly, P. M., 
1848. 307); on addition of more water it becomes 
green, colour of very dilute solutions is greyish- 
blue (Gladstone, C. J. 8, 211, says that 
GuC42CuO 4H;,0 is formed); addition of cone. 
HClAq or better H^SO* produces a yellow colour 
in a green solution of OuClj. Franz {J.pr. [2] 
5,274) gives the following data showing the com¬ 
position and S.G. of CuCljAq :— 

P.O. CuCL 8.G. P.O. CuCl, S.G. 

6 1*0466 25 1*2918 

10 1*092 30 1*3(518 

16 1*1565 35 l-44i7 

20 1*2223 40 1*5284 

GuOl^ is soluble in alcohol and in ether; alco¬ 
holic solutions burn with green flame. CuCl Aq 
ppd. by KOHAq yields various oxychlorides (o. 
Copper, oxthaloid co.m:pound8 of). For reactions 
of CuCL witti metallic etdphides, v. Rammels- 
berg {C, J. 39,874), and Raschig {A. 228.1). 

Combinations. — 1. With water to form 
Ca 01 ,^ 2 ]^O; obtained by evaporating solutions 
of OuCL and crystallising (v. supra) *, rhombic 
prisms a:&:c«*9179:l: *4627 {Gm.'K. [ 6 th ed.] 8 , 
642); lose 2 H 3 O at 100°, or over HjSO, (c/. Vogel, 
D. P. J. 138, 239, with Graham, A. 29, 31).— 
2. With ammonia to form M.2NH,, M. 4 NH 3 .H,, 0 , 
and M. 6 NH, [M-OuOL] (Kane, A. Ch. 72, 273; 
Bose, P. 20, 155). CuClyeNH, is formed by 
passing NH, over OnOl, as long as absorption 
continues; when heated to 149°, BH, is evolved 
and OnG4.2NE« remains. When KH, is pas^d 
into hot oono. OuOLAq until the pp. which 
forms has re-dissolved, ai^ the liquid is allowed 
to cool, Ou01^4NB[,.HaO separates in dark- 
green octahedra which, lose NH, on drying.— 
8 . With ammonia and salammoniac to form 
GuCl,. 2 NH,. 2 N]i 401 ; obtained bv boiling Cu 
turnings with oono. NH.ClAq tiU a deep-blue 
liquid is obtained, filtering from Oa,Cl,.2NH, 
which separates, allowing the filtrate to oxidise 
in the air until it becomes greenish, and cooling 

S ftitthausen, J.pr. 60, 876). Park-green tablets, 
eoompos^ by water.—4. With cuprous chloride 
and ammonia to form 0tt01,.0u,0I,.4NH,.H-O 
(Bilthausen, J. pr 60, 874); obtained by dis¬ 
solving Cu,6i, in NHcAq, flowing the solntion 


to become deep blue by exposure to air, and 
crystallising; or by the prolonged action of 
NH|ClA^ 4 >n Cu turnings at the ordinary tem¬ 
perature. Blue prisms; 'decomposed by water 
and alcohol; absorb 0 from air and lose NH,; 
when heated leave CtL,Cl,; soluble in- hot 
HClAq from which solution Oa 01 ,. 2 NH 4 C 1 . 2 H^O 
oi^stallises out.—5. With ammonium chlor- 
ide, to form (a) CaC 1 ^ 2 NH 4 C 1 . 2 Hp, and (b) 
CuCl 3 .NH 4 C 1 . 2 ^ 0 . The former is obtained by 
crystallising a mixed solution of the two salts 
(Mitschorlich, J. pr. 19, 449; Graham, A. 29, 
132); or by concentrating a mixed solution of 
CuSO) and NH 4 CI (Vogel, /. pr. 2, 194); or 
saturating CuC^Aq with NH, (Cap a. Henry, 
J.pr, 13, 184). Light-blue rhombic tables, or 
octahodra; loses all H,0 at 110°>120°; S.G. 
1*96 to 1*97. The salt CuClj.NH 4 C 1 . 2 H ,0 was 
obtained by Hantz {A. 66 , 280), as blue-green 
orystals, by neutralising 1 part HClAq by NH, 
and 2 parts of the same HClAq by CuCO„ mix¬ 
ing the solutions, and crystallising.— 6 . With 
potassium chlori^ to form CuC1^.2KG1.2H,0; 
obtained by evaporating a mixed solution of the 
two salts. S.G. 2*4. 

H. Cuprous GhiiOBidb. Co^Cl,. {Proto¬ 
chloride of copper.) Mol. w. 197*14. V.D. ( 0 . 
1660°) 6 * 8 . Formula found to be Cu^Cl, and not 
CuCl from results of V.D. determinations by V. 
and C. Meyer, at 0 . 1560° (H. 12, 1112,1233). 
[Cu», Cl-] *65,760; [Cu^OP, Cl*] *37,510 {Th. 
8 , 819). 

Formation,— Cu is heated in Cl, keeping 
the Cu in excess.—2. Cu is heated to dull red¬ 
ness in a stream of HCl (Wdhler, A. 105, 360).— 
8 . By heating together CuCl, and Cu in HClAq.— 
4. By heating together Cu and Fe,Cl,Aq.—5. By 
heating CuCl,.— 6 . By reducing CuCl,Aq or 
CuS 04 Aq by SnCl^, or SO,.—7. By heating 2 parts 
HgCl, with 1 part Cu turnings.— 8 . By heating 
CuSO, with NaHjPO, in a little water (Cavazzi, 

G. 16,167). 

Preparation. —1. Sulphur dioxide is passed 
into a mixture of 1 part NaCl and 2^ parts 
CUSO 4 . 5 H 3 O dissolved in water; the white pp. 
is washed with SO,Aq, then with glacial acetic 
acid, pressed between paper, and dried at 100 ° 
(Wohler, A. 130, 873; Bosenfeld, B. 12, 954), 
pCuCIJlq + HjSOj + HsO 
= Cu,Cl 2 + H,S 04 Aq + 2HClAq].—An intimate 
mixture of 14*2 parti powdered CuO with 7 parts 
zinc powder is thrown, little by little with con¬ 
stant shaking, into oono. HClAq, until a white 
pp. of CujCl, begins to form; more acid is added, 
and then a little more of the mixture, and so on 
until the whole of the mixture has been used. 
The liquid is then poured into boiled water in a 
flask so that the flask is filled; the flask is 
closed; the 0 u, 01 ^ which separates as a shining 
white solid, is washed with distilled water, 
and dried in the dark (Heumann, B, 7t 720). 
[2CuO + Zn + lHC9Aq 
- On,Cl, + ZnCl,Aq + 2H,0]. 

Prqpcfttes.—Snow-white crysUlline powder; 
insolu^ in crater, alcohol, dilute HNO, or 

H, 804 Aq; soluble in hot HClAq, separating on 
eooUng m tetrahedra; soluble in NH,Aq; sola* 
ble, on heating, in KClAq, NaClAq, Fe,01^q, 
ZnCLAq, and many other metalUo ohlorifiet; 
solaSleln Na,B, 0 ,Aq when the two sails are in 
the ratio Ou,Ols!Na,S,0, (Winkler, /. pr* 88 , 
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i28). S.0.8'7. IMoUs bolow red heat, and boils 
between 954® and (Cameiloy a. MUiams, 
O. «r. 87,126). Solution in HClAq aora as an 
onergetio reducer, converting HgOl, to HgOl, 
AuOi, to Au, decolourising Prussian blue, «&c. ; j 
this solution rapidly absorbs CO (v. Hempel, B. 
21, 898; cf, Drehschmidt, B. 21, 2158),^colour¬ 
less crystals of Ca.; 01 ,. 00 . 2 HjO separate from a 
saturated solution of CO in OujCh (Berthclot, 
A. Ch. [3j 46, 488), on warming the solution CO 
escapes. TUa solution also absorbs various 
gases, 6.g. and PH, (Eiban, B. 12, 120$; 
Rose, P. 4,110; 6 , 205). 

Beactions.^l. Moist Capl^ changes in sun^ 
light and air to yellow, violet, and then blue- 
black; an oxychloride is formed (GuC^SGuO, 
according to Vogel, D. P. J. 136, 238) [concern- 
ing the action of sunlight on Ga^Gl, v. Garlo- 
mann, /. pr. 63, 476].—2. Heated in oxygen or 
in water-vaj^our^ CuO is formed.—3. By repeated 
washing with water GuOl, and GuP are pro- ' 
duoed.-^. Beduoed to On by hydrogen., or by 
digestion nnder ^vate^ with iron fiUngs.~~5, 
Scarcely acted on by sulphuric acid, even when 
oono. uxd hot (Bosenfold, B. 12,954).— 6 . Reacts 
with many metallic sulphides to produce Cu^^S 
(v. Roschig, A. 226,1). 

Combinations. —1. With ammonia to form 
Oa,Gl,.2NH,. By dissolving Cu^Ci, in NHjAq; 
or better by boiling Cu turnings with cone. 
RH,ClAq until rapid evolution of NH^ begins, 
filtering the boiling liquid into ^ its volume of 
water, and repeatedly filtering from Cu^ 0 .a;H^ 0 , 
aUoiving to cool, repeatedly washing the solid 
which separates with alcohol and quickly press¬ 
ing oetween paper (Bitthausen, J. pr. 59, 3U9, 
Miilon s. Oommaille, 0. B. 66,309). Colourless 
rhombic dodecahedra, becoming violet in air; 
decomposed by water into its constituents on 
heating; solution in water reduces ammoniacal 
silver solutions (M. a. 0.), it absorbs 0 from the 
air forming Ga, 01 ,. 0 QGl 4 . 4 NH 3 .H 3 O (q.u. under 
CopBXOCBZiOBiDB, Combinations, No. 4).—2. With 
ealammoniac to form Oa,Gl,.4NH,Gl. Obtained 
by dissolving Ga,C4.2N£4 in HClAq, or by add¬ 
ing a little KHjAq to Ca,Cl, in HClAq; white 
crystals, becoming brown in air, and giving 
OosClt and NH 4 CI when heated (Bitthausen, 
J.pr, 59,869).—^. With potassium chloride to 
form Oa,Oi 2 .^KCl; large ^otahedra; prepared 
by dissolving Cu^Cl, in boiling EClAq, and al¬ 
lowing to cool in a closed vessel (Mitscherlich, 
A. Ck. 78, 384). A compound with NaCl is also 
known; it is very soluble and difficult to crys- 
tallise.—4. With phosphorus hydride, to form 
Cu,Glf2PH,. Obtained, as long colourless 
needles, by passing PH, into Ou^Ol, in HClAq 
ontil crys^B form; when heated gives Cu phos¬ 
phide, PH,, and HOI; water forms PH, and 
Oa,P, (Riban, Bl m 31,386). 

O^per, Fluorides efi Two^uorides have 
been isolated, OoF, and Oo^, (Berzelius, P. 1, 
28). 

I. Gumo VLtroBZDx, OuF,.2H,0. Best ob¬ 
tained by dissolving CaOO, is HFAq, and adding 
ijcbhol of-96 pus. (Balbiano, 0, 14, 74). Pale- 
blue crystalline powder; sparingly soluble in 
water, very easily decomposed to ozyfluoride 
OaF,.Ou{OH),[*CuP.OJH3 ( 0 . Ox^luoride under 
CospBB, ozyxiiiOiD oouronvns orjL Decomposes 
on keeping fw fbororllre days witheTolation of 


[ HF. Combines with KF to form very soluble 
CuF,.2£F. Absorbs KH, with formation of 
CaP,.0a(0H)^.4NH,.2NH,P.2H,0 (Balbiano, lx,). 

Cupric borofluoride 
Cu(BPj 3 [s=OuP 3 . 2 BFJ is obtained by mixing 
Ba(BF 4 ), and OuSO^Aq. 

Cupric silicofiuoride OuSiF,.6H,0 is 
produced by dissolving CuO in Ha 8 iF,Aq and 
evaporating. 

II. CuPBous iLcoRiDS, OujF,. A red powder 
obtained by treating COaO-ajHaO with HFAq; 
washing with water, pressing, and drying in 
vacuo; decomposed by moistrair toCu(OH),.OaF 3 
(Berzelius, l.c.). 

Copper, Hydride of. A compound of Ou and 
H is said to be produced by the following re¬ 
actions:— 1 . 1 pt. Ba(HiP 03)2 is dissolved in 
water, the Ba is exactly ppd. by H^SO^Aq, the 
filtrate is added to *8 parts CuSO^.SB^O in rather 
dilute solution, at the ordinary temperature, ppn. 
is allowed to proceed slowly; the pp. is washed 
with air-free water in an ^tmosphere of CO„ 
and dried by pressure between paper (Wurta, 

A. Ch. [3] 11, 250; 0. B. 89, 1066; 90, 22).— 
2. NaHSO,Aq is added in excess to CuSO^Aq; 
if the CUSO 4 is in excess the pp. contains some 
Cu (Schutzenbergor, C. B. 69, 196).—3. Zinc is 
placed in GuSO^Aq acidulated with H.,S 04 
(Schoor, Ar. N. 12,96; [/. 1877. 273]).—4. A 
moderately strong current is passed through 
very dilute slightly acidulated CuSO^Aq; the 
compound forms at the negative pole but begins 
to decompose, with evolution of H, as soon as 
the current is stopped (Poggondorff, P. 75,337). 
Copper hydride is described as a reddish-brown 
powder, having the composition Ou^H,; it de¬ 
composes at 60® into Cu and H; in HOlAq it 
gives Cu.Cl, and H; it takes fire in Cl. ((7/. Bor- 
thelot [C. B. 89,1006,1097], who says that the 
so-called copper hydride always contains 0 , H^O, 
and P; but Wurtz [C. B. 90, 22] gives further 
details and analyses, showing that the prepara¬ 
tion is apt to contain Cuphosphatl, but the pre¬ 
sence of more than a mere trace of this may be 
avoided by ppg. the CojH- very slowly in cold 
solutiona») 

Copper, Hydroxides of, v. Hxdbatbd oxides 
ox CoppSH, under Copper, oxides of. 

Copper, Iodides of. Only one iodide of copper 
has been isolated; this is the cuprous com¬ 
pound, When £IAq is added to the 

solution of a cupric salt, a pp. of OujI, mixed 
with free I is obtained; 2 CuS 04 Aq-h 4 KIAq 
» 002 X 2 -f Ij 4 * 2 £ 2 SOjA q. Cu^l 2 dissolves in alco¬ 
holic solution of I; the liquid is not ppd. by 
water, but on heating and adding alcoholic solu¬ 
tion of KI, 0^2 is ppd. along with El,. Solu¬ 
tions containing aboi:^ 8 gram CoI, per 100 c.o. 
have been obtained; compounds are known 
which probably contain Cul, (v. infra). 

CupBous zosxDS, OuJ,. a.G. 4'41 (Sobiff). 

B. P. between 759® and 772’ ((j^meUey a. Wil¬ 
liams, 0. <r. 87, 126). Mol w. not determ'nod, 
but from analogy of CugOI, it is probably Co,!. 
«379*46. [OaM»]«85,200 (2%.8,819). 

Formation.—1.« Finely divided Cu heated 
with I forms OaJLgi a plate of Cu exposed to the 
vapour of I becomes covered with crystals of 
Oo^ {^nault, C. R. 69, 819).-»2. Ou is dis¬ 
solve in oono. HXAq, on standing in air (or 
better on adding a traoe of HjS) Oosli lo 
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erystalB P, 4, 110).~-8. OujS if dissolved 
in oono. HLA.q (Mensel, B. 3, 123).—4. KIAq is 
added to GuSO^Aq; Ga,Is is ppd. at)ng with I. 

Preparation.—CaSOikq is saturated with 
SO], or a mixture of 1 pt. GuSO^.SHjO and 24 pts. 
FeSO^.THjO is dissolved in water, KIAq is added, 
the pp. is washed and dried (Dudos, A. 89, 253; 
Soubeiran, J. Ph. 13,427). 

Properties and Reactions. —A white, or 
brownish'White, crystalline powder; insoluble 
in water, alcohol, and dilute acids; soluble in 
KIAq, and in NHjAq in presence of air. Soluble 
in hot oono. HGlA(]pand reppd. on addition of 
water. Decomposed by cone. HNO 3 or H-^SO,. 
Heated with MnO, or KCIO 3 , CuO is formed; 
redncod to Cu by boihnjj with water and Zn, Sn, 
or Fe (Berthomot, J. Ph. 15, 416). When Cu^Ij 
is dissolved in NH,Aq by heating in an open ! 
vessel, colourless crystals of On J,„4NHj separate 
on cooling, and the mother liquor on addi¬ 
tion o4 alcohol deposits a dark-blue compound 
OuI 2 . 4 NH 3 .H 2 O (Ragimolsberg, P. 48, 102; v. 
also Berthemot, J. Ph. 15, 446; and Saglier, 
0. R. 102,1552). OujI^ dissolves in alcoholic I; 
when this liquid is heated to 30^, and mixed 
with alcoholic NHg at 30°, crystals separate in 
a few hours having the composition CuIj.lNHj.Ij 
(Jdrgensen, J. pr. [2] 2, 353). 

Combinations. —1. With ammonia to form 
GU 2 I 2 . 4 NH 3 (Rammelsberg, P. 48,102). Obtained 
by passing NH, over Cu^I..; white, lustrous 
crystals; decomposed by heat to GujI, and NHj. 
The same compound is formed by mixing KIAq 
with an ammoniacal solution of a cuprous salt 
inabsence of air; as thus obtained the compound 
cannot be dried without losing NH, (Level, 
N. J. P. 4, 328).—2. With ammonium iodide ; 
the compound Cu 2 l 2 . 2 NH,T.H 20 is obtained, as 
white needles, by dissolving 100 gs. NHJ in 
1,000 gs. water, adding 10-16 gs. Cu(OH) 2 , heat¬ 
ing until all is dissolved, boiling with a large 
excess of Ou until the liquid is colourless, and 
allo\^ing to C 08 I. The mother liquor in air de¬ 
posits black crystals of Gu 242 NH,I. 2 NH,. 4 H 20 . 
These crystals are very unstable (Saglier, C. B. 
104,1440).—3. With aiwnonia andcuprit iodide\ 
when 100 gs. of an ammoniacal solution of GuO, 
containing 7-8 p.o. GuO, is mixed with an equal 
mass of 10 p.o. alcoholic 1 solution, warmed 
until the pp. of NI, dissolves, heated in the 
water bath for an hour, and allowed to cool, 
brilliant green crystals are deposited of the com¬ 
position Cu 3 l 4 . 4 NH 3 , probably = GU 3 I 2 .Gul 3 . 4 NH 3 
(Saglier, 0. B. 102,1552).—4. With silver iodide 
to form a series of bodies resembling alloys; 
Gu 3 l 3 .a;AgI, x varying from 1 to 12 ; for physical 
constants of these bodies v. Rodwell, Pr. 33,143; 
Bellati a. Bomanese, Pr. 84« 104. According to 
Ouyard {Bl. [2] 41,12) a double iodide of Gu 
and N is produced when an alkaline di-iodide is 
added to an ammoniacal Gu solution. 

II. Gupric xoi^E. Cupric iodide, Gul,, has 
not been isolated. A solution of OUjI, in alco¬ 
holic I is not ppd. by water, but on heating and 
adding alcoholic KI, GUjI, is reppd. along with 
KI„ the solution may perhaps«ontain«periodide 
of Cu (Jdrgensen, J. pr. [ 2 ] 2, 347). CujI, in 
presence of I dissolves in much water; this solu¬ 
tion probably contains Oulj (Traube, B. 17,1064). 
Carnegie {prifo. comm.) has obtained aqueous 
■olutioni of cupric iodide containing •o. *8 g. 

Voi. II 


Calj in 100 C.O., by digesting CuX with I in 
water at 80° for a few minutes, cooling, shaking 
for a short time with Cu foil or CS 2 to remove ex¬ 
cess of I. Solution of Culj containing 0 . *9 g. 
Cul, with excess of I is very easily decomposed, 
almost wything that removes the I at the same 
time decomposes the Culj to Cul and I, e.g. 
starch or Ag leaf; the solution partially decom¬ 
poses when boiled out of contact with air, also 
when a current of air, N, or other indifferent 
gas, is passed through it, and even when kept 
in vacuo at the ordinarytomperature. Solutions 
of Culj are also obtained by digesting CnOjHj, or 
CuCO,, with fairly cone. HIAq saturated with I, 
and filtering from excess of Cu 02 H 3 , or CuCOj. 
Potassium iodide withdraws I from solutions of 
Culj, ppg. Cul; when KI interacts with a cupric 
salt in molecular proportions, CuL is almost cer¬ 
tainly produced^ but as the change is not com¬ 
plete the residual KI interacts with the Oulj in 
solution to produce Cul and KL®I. Thomsen 
gives [Cu,I^Aq] =10,410 {Th. 3, 320). 

Various compounds are known, one constituent 
of each of which iS probably Culj. The forma¬ 
tion of the compounds CuIj. 4 NHs.H 2 O, and 
OuIj.CujL.dNHj has been described (u. Cupbous 
IODIDE, ileactwns, also GomhinationSy No. 3). 
The compound CuI.^.lNH,.!^ was obtained by 
Jorgensen {J. pr. [2] 2, 353) as blue crystals, 
by mixing solutions of I in KI and Cu NH, 
nitrate, at 50°, and filtering hot into water at 
60° (u. also Saglier, G. R. 102, 1552). Saglier 
{G. B, 104, 1440) describes the compounds 
CuIj. 2 NH,I. 2 NH,. 2 H 20 , and CuI 3 . 4 NH 3 .H 2 O, pro¬ 
duced by boiling NH,IAq with Ou(OH),; he 
also describes a compound with (NH 2 )l 3 , viz. 
Cul 3 . 2 NH 4 lj. 2 NH,.C)H 20 , obtained by dissolving 
Cu(OH )3 in hot NH^Ij^q. 

Carnegie {priv. comm.) has obtained the 
compound CuO. 2 CuIj. 4 H 2 O by partially immers¬ 
ing slips of Gu in BaljAq; black crystals slowly 
form on the sides of the vessel; they are easily 
decomposed by washing with water; they may 
be washed with alcohol and dried over CaGl,. 

Copper, Nitride of. CujN. When finely 
^vided GuO, ppd. from hot CuS 02 Aq by KOH, 
is heated in a tube to 250° and dry NH, is passed 
over it, greenish-black copper nitride is formed; 
if the solid is powdered from time to time and 
the passage of NH 3 continued, Ihe whole of 
the GuO may be changed to nitride. Copper 
nitride decomposes by heating to about 300°, 
giving Gu and N; in Cl it gives GuCL and N ; 
in HClAq,X)uCl 2 , and NH,C1 are formed; it is 
oxidised rapidly by HNOjAq.and decomposed to 
On and N by H 2 S 02 Aq (Schrdtter, A. 37, 136; 
V. also Warren, C. N. 65, 165). By beating to 
bright redness discs of Cu and Ft placed 8-4mm. 
apart in an atmosphere of N, Blondlot got indi¬ 
cations of the formation of a compound of Gu 
and N; but he^did not isolate the compound 

B. 102, 210). According to Schrdtter {l.cJ 
Gu and N do not directly combine. 

Copper, Oxides of. Copper forma four oxides; 
Gi^iO, COjO, GuO, and GuO,. There are indioa- 
tions of the existence of other oxides,* but none 
has been certainly isolated. The best-studied 
are 00,0 and GuO; both are basic, and each 
forms a series of oorresjponding salts, those 
corresponding to GuO being the more stable. 
The oxide Cu,0 reacts with acids to form Ou vA 

a 
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a in some oases a onprons, and in other 
caeee a oupric, salt. The oxide OuOj reacts with 
acids as a basic peroxide, forming cupric salts 
and oxygen. Any oxide other than CuO is 
changed into CuO by heating in air or oxygen. 
By adding solution of bleaching powder to 
Oa2KO,Aq, a pp. is obtained which sooH decom¬ 
poses with evolution of 0 ; this pp. is possibly a 
salt the acidic radicle of which is composed of 
On and 0 (v. p. 260). No oxide of Cu has been 
gasified, hence the formulee given are not neces¬ 
sarily molecular. 

I. Copper suboxtob CU 4 O. (Qmdroride of 
copper) (Hose, P. 120,1). An olive-green powder; 
stable under water in absence of 0 , but rapidly 
oxidised in air to Gu^O and then to CuO; decom> 
posed by dilate HClAq to Gu,CL and Cu, and by 
dilute ^S 04 Aq to CuSOi and Cu ; insoluble in 
NH^q, and in a mixture gf NH^Aq and 
(NH 4 ) 2 C 03 Aq. Prepared by reaction between 
CaS 04 Aq and SnCl« in presence of KOH; 
CufOHjj is first precipitated and then reduced 
with simultaneous formation of E stannate: 
4 Cu( 0 H )2 + 12KOHAq + 3SnOf.Aq 

» Ca 40 + 6 KClAq + 3^SnOaAq - 1 - 10H,O. To 
prepare this oxide, Bose directs to make 300 c.c. 
CuS 04 Aq containing 10g. Cu; to add this to 
1,000 C.O. of a solution of 60 g. SnCL in ICOHAq, 
and to shake in a well-closed vessel which is 
completely filled with the liquid, keeping cool 
by water; to filter after twenty-four hours in an 
atmosphere of H, and wash the pp. with water 
containing KOH, then with water, then with 
very dilute NH,Aq, and finally with water. It 
SB difficult to obtain CU 4 O free from the other 
oxides. (For precautions v. Bose, l.c.) 

II. OopEOus OXIDE Cu^O. {Hemuoxide of 
eepper. Protoxide of copper. Red oxide of cop¬ 
per.) S.a. 6-749 (native), 6-346-5-375 (arti¬ 
ficial). H.F. [Cu»,0] = 40,810 (Th. 3, 320). Occurs 
fiative as Cuprite, in lustrous, red, octahedra. 

Formation. —1. By heating Cu in air; the 
outer film thus formed is CuO, beneath this is a 
film of OujO. Finely divided Cu (obtained by 
reducing CuO in H at a moderate temperature) 
oxidises in air to Cu^O (Berzelius, A. 61,1; v. 
also Mitscherlich, J.pr. 19, 460; and Marchand, 
J-pr. 20, 506).—2. By heating Cu turnings with 
CuO (Berzelius), or with dehydrated GUSO 4 | 
(Ullgren, P, 56, 627), or with CUSO 4 and NaXO, 
(Malagutif cT. pr. 2,167).—^o. By heating CUjCl, 
with NsaCO, (Wdhler a. Liebig, P. 21, 581).—4. 
By the reaction of Cu with OU 2 NO 3 and a little 
CuO, in absence of air (Becquerel, A. Ch. 41, 
228).—6. By the prolonged action of NH^Aqon 
a mixture of CnS 04 Aq and FeSO^Aq in presence 
of Fea(OH), (Wibel, Reduction von Kupferoxyd- 
taXun [&mburg, 18C4J, 2). 

Preparation. —1. 6 pts. Cupola are heated 
with 3 pts. dehydrated KajCOa, the resultant mass 
» washed with water (W. a. L » P- 21, 681).—2. 
A mixture of I pt. CUSO 45 H 10 ,1^ pis. cream of 
tartar, 2 pts. grape sugar, in 12 *^pts. water, is 
heated in a basin; pts. NaOH are added, and 
the whole is boiled xmtil the supernatant liquid 
is colourlees'; the pp. is washed with water, then 
with alcohol, and dried (B 6 ttger, P. P. J. 171, 
77).— 3. An intimate mixture of equal parts CuO 
and (NH 4 ),COa is heated over a Bunsen-burnei 
till the smell of NHj is no longer apparent (Schiff, 
W, /. 1864.274). 


Properties.-^k carmine-red orystaUine pow¬ 
der. Melts at full red heat and oxidises to 
CuO. Solulfle in NH,Aq, forming a colourless 
liquid which becomes blue in the air, and reacts 
as a strong reducing agent. 

Reactions. —1. Hydrochloric acid 
soluble in excess of the. acid [Oa^, 2 H 01 Ai 
= 14,660 (T/i. 3, 320).—2. Dilute acids, e.g. 
H 2 S 04 Aq, HNOaAq, HgP 04 Aq, H.H 3 G 202 Aq, pro¬ 
duce Cu and cupric salts.—3. Cone, nitric add 
forms Cu 2 N 03 .~ 4 . Bromine water Ioxxoa CuBr, 
and OuO.—5. Reduced to Cu by hydrogen, po- 
tassium, or carbon. — 6 . Sutphur forms CujS.— 
7. Many metallic chlorides in solution, e.g. 
MgCl^Aq, ZnCl^Aq, form soluble double salts 
and also ppt. hydrated oxides of the metals.— 

; 8 . Ferric chloride solution produces Fe-P^, Cu, 

I and CUjClj.—9. From neutral silver solution 
’ CujO ppts. a mixture of Ag and a basic cupric 
salt. 

Hydrated cuprous oxide Pro¬ 

duced, as a yellowish powdeiq by adding an alkali 
or alkaline carbonate to the solution of a cuprous 
salt (Fremy, A. Gh. [3J 23,391). Also formed by 
heating to boiling moist Cu(OII )2 with milk sugar 
and some NaXOjAq. According to Mitscherlich 
I (/. pr. 19, 450) the hydrate loses its water at 
I 360°. Oxidises in air to Ou(OH )2 {v. also Gm.-K. 
j [Otli ed.] 3, 595; Millon a. Commaille, G. R. 67, 

I 145; Field, G. J. [ 2 ] 1 , 28; P. de Saint-Gilles, 
A. Ch. [3] 42, 36). Dissolves in dilute acids to 
form cuprous salts, very few of which have been 
isolated. 

III. Cupric oxide CuO. (Black oxide of 
copper. Copper oxide.) S.G.6‘1 to 6-4 (Boullay, 
A. Ch. [2] 43, 260; Playfair a. Joule, C. S. Mem. 
3, 57). H.F. [Cu,0] = 37,160 (Th. 3, 320). Oc- 
curs native in North America as Melakonite. 
Crystallises in monoclinio forms; aibic 
«1-49:1:1-36 (Maskelyne, B.A. 1865). 

Formation. —1. By heating Cu in air or 0, 
removing the scales which form,•and strongly 
heating in air.— 2 . By heating Cu 2 NO,,Ca(OH) 2 , 
CuCOj, or very strongly heating CUSO 4 . 

Preparation. —1. Pure Cu, prepared by elec¬ 
trolysis, is dissolved in HNO^Aq, to one-half of 
the solution NH,Aq is added until the pp. which 
forms has just dissolved, the other half of the 
liquid is then added, the whole is evaporated to 
dryness, and the Cu nitrate thus obtained is 
strongly heated; the oxide thus formed is well 
washed, and again heated in a Pt dish (Rei- 
schauer, J. 1863. 274; Erdmann a. Marchand, 
J. pr. 31, 389). The oxide must not be too 
strongly heated else it partially fuses and con¬ 
tains Cu .0; according to Thudichum a. Eingzett 
(C. J. [2] 16, 363) the o.xide should be heated 
in vacuo to^ remove traces of CO^.—2, A so¬ 
lution of equivalent masses of CUSO 4 . 6 H 2 O and 
Na 2 CO, is evaporated to dryness and the residue 
is heated strongly in a orucibje and then well 
washed; moist air is then passed over the heated 
oxide to remove traces of chlorides (Stanford, 
C. N. 7, 81; Erlenmeyer, Z. 1863.167). The 
oxide as thus prepared is jmeclally adapted for 
use in organic analysis.— 8 . The oxide is obtained 
in crystals by dropping Cu,Cl, in small sucoea- 
sive quantities into a redhot Pt crucible (Sohulza, 
J.pr. [2] 21, 413); Becquerel {A.Ch. 61,122) ob- 
tamed crystals of CaO by heating to doll rsdnasa 
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5 grams amorphous OuO with 2-8 grams pure 
KOH, washing witli water, and stparating the 
crystals by shaking. 

Brown-black amorphous powder; 
or metal-like, lustrous, monoclinio crystals. Hy- 
grosoopio (v.Rontzsch,[2J 21,413). Slightly 
volatile in a porcelain-oven (Eisner, J. 186G. 35). 
Said to lose 0 when strongly heated giving 
CUO.2CU3O (Favre a. Maumen6, (7. i?. 18, G58). 
According to Beischauer (J. 1859. 216) Cu^O is 
formed by very strongly heating CuO; this is 
confirmed by Dobr|y and Joanuis {C. JR. 99, 
683) provided the heating is conducted in vacm. 
According to Joannis (C. R. 102,1157) CuO pre¬ 
pared at a high temiperature develops leas heat 
when dissolved in HClAq than specimens pre¬ 
pared at a low temperature. CuO is a basic 
oxide reacting with acids to form cupric salts 

CuXj [X = N03, <feo.]; it dissolves in ranch 

KOnXq, and perhaps forms salts in which CuO 
acts as an acidic raaicle. 

Jieactiom.—l. Easily reduced to Cu by heat¬ 
ing in hydrogen or carbon monoxide, or with 
carbon or carbon comiminds [hence its use in 
organic analysis] (for teraperaturos at which re¬ 
duction in H and CO begins v. Wright a. Lull, 
C. J. 33, 1).—2. Heated with copper forms 
CU;iO.—3. Heated witli phospUonis, phosphide 
and phosphate of Cu are formed. - 4. Heated 
with sulphuretted hydrogen, or with sulphur in 
a stream of hydrogen, Cu^S is formed (Bose, P. 
110, 120).—6. Heated with sulphur alone gives 
Cu^.S and SOj if S is in excess, or Cu^O and 
CuSO.. if CuO is in excess (Jordan, /. pr. 28, 
222).—6. Heated with salammoniac CUuClj and 
a little CuCla arefornn>d. ~7- Heating with ferric 
chloride produces Fe^Oj with CnCl^ and Cu^.CI^ 
(Hunt, C. B. 09, 1357).—8. Reacts with zinc- 
chloride solution to produce a green powder 
Zn.OUjCl^.eH.O (Andrd, C. B. 106, 854).-9. So¬ 
luble in also in molten potash.~\0. 

Acute dissolve CuO with formation of cupric 
salts: Thomson gives the following thermal 
data (M - CuO); [M,2H01Aq] = 16,270; 
[M.H^SO^Aq] = 18,800; [M,2HNO 'Aq] -15,260; 
[M.2HC10'Aq] = 15,910; CM,2C-H*0-Aq] =. 13,180; 
[M,SO*J = 42.170; [Cu,O,H’S0^Aq] - 66,960; 
[Cu,0,2HNO’Aq] = 62,410. 

Coinbinations. — 1. With water to form 
CuO.Eip, produced indirectly, v.tn/7-<r. --2. With 
water and ammonia to form xCuO.^/NHj.i’HjO. 
CuO dissolves in NHjAqin presence of air, especi¬ 
ally if a small quantity of an NH^ salt is present 
(Berzelius). Kano (A. Ch. [2J 72,283] obtained the 
compound 3Cu0.4NH,.6H,0 by adding NHjAq 
to CuCljAq. Malaguti a. ^rgeau [A. Ch. [3] 9, 
436) obtained Cu0.4NHs.4H.p by treating with 
NH, the mother-liquor from the preparation of 
Cu-NHf chromate. A solution of CuO in NH,Aq 
dissolves cellulose; the solution is conveniently 
prepared either fy digesting Gu spirals with 
NHjAq in air, or by ppg. GuSO^Aq by the calcu¬ 
lated quantity of NaOHAq, washing tho pp. of 
Cu(OH), and dissolving it in VHsAq (Sohweizer, 
•T. pr. 72,109). AmmoniaoU solutions of CuO 
are reduced with ppn. of Cu, by P, Zn, Co, Ao.-— 
4. With a few metallic oxides to form compounds 
of the type 0uO.a;MjO,; 6.g. CuO-PejO,, formed 
by heating together the two oxides (List, B. II, 
1516), or by the reaction of OuO witn Fe,01,Aq, 


or by ppg. KOHAq a solution of equivalent 
masses of a Cu and a ferric salt. The compound 
3CuO.Mn303 is obtained by adding NaOH to an 
ammoniaoai solution of CuO, and then MnCl^Aq 
drop by drop with jonstant stirring (Schneider, 
Am. 9, 269). The compound CuO.CfjO, is do- 
scribed by Persoz (A. Ch. [3] 25, 283). 

Hypbateo cupric oxidb or Coppbb htdooxidb 
CuO.H 30 = Cu(OH)j. 

Preparation. —Obtained by adding dilute 
NaOHAq or KOHAq in slight excess to 
CuSOjAq; or preferably by adding CuSO^Aq 
to NaOHAq, keeping the latter in excess 
(Oglialoro, J. 1876. 217); washing very many 
times, and drying at alow temperature. Bottger 
(/. pr. 73, 491) recommends to drop NH^Aq into 
boiling CuSO^Aq until the pp., which at first 
is greenish, bqcoracs blue, to wash this pp, 
thoroughly,and then toaddfairly cone. NaOHAq, 
keeping the temperature about 20®-40® (v. also 
Ldwo, D. P. J. 149, 270; Peligot, 0. B. 63,209). 

Properties.—k blue solid, sometimes crystal¬ 
line, very easily d«?iydratcd. Heated in presence 
of water it turns black, the change occurring 
more readily if KOH or NaOH is present; the 
black compound is OCiiO.HoO according to Harms 
{J. 1857. 246), GCuO.H^O according to Rose (P. 
84, 480). When heated to 100® it loses water, 
but it is not fully dehydrated even at 200®-300® 
according to Rose (/.c.; cf. SchalTner, A. 61, 
168). Tho hydrate is soluble in acids, dso in 
: NHjAq, and in solutions of NH^ salts; also in 
Na,S,,OgAq (Field, G. J. [2] 1, 28). 

Reactions. —1. With ferrous hxjdroxide pro- 
duces FePjHj and Cu20.a:II,p (Levol, A. Ch. 65, 
820).—2. With ferrous sulphate solution pro* 
duces Cu 20 .xH^O and basic ferric sulphate 
Braun, J. 1867. 301).—3. Dissolves in acids to 
orm cupric salts.—4. Dissolves in 4 to 6 parts 
molten potash', on adding water CuO is formed, 
but some of the Cu remains in solution, and on 
adding a large excess of KOHAq all dissolves.— 
5. Dissolves in large excess of potash solution to 
a blue liquid; according to Chodnew {J.pr. 28, 
217) this liquid remains blue on boiling or on 
adding much water, but on standing in air for a 
long time a part of the Cu in solution is ppd. as 
CuO.HjO; addition of HOlAq to the blue liquid 
until nearly neutral ^pts. Cu(On)J, but a little 
Cu remains in solution. Chodnew {l.c.) also 
states that addition of a large excess of KOHAq 
to CuSO^Aq or Cu{NO,),Aq causes some of the 
Cu(OH )2 to dissolve; the solutions must be cold 
ana dilute; the whole of the Cu is not ppd. on 
boiling. The hydrate dissolves in NaOHAq 
(70 p.c.), and gives a blue pp. on long standing, 
containing CuO and Na.O according to L6w (FV. 
9,463). 

IV. Copper peroxide.—T he oxide CuO, hal 
not been Obtaiqpd, but a hydrate GUO3.H2O is 
known. This hydrate is prepared (1) by digest¬ 
ing finely-divided CuO, or Gu^OH),, with H,0,Aq 
for several days at 0® (Th4nard; Kriiss, B. 17, 
2693); (2) by shaking very dilute CuSO^q witii 
exMBB of MaO,.a:H20 or PbO;, keeping oold 
(Schmid, J. pr. 98,136); (3) by adding ^O^Aq 
to a solution of OU-NH4 sulphate (Weltzien, 
A. 140, 207}- Ctt02.H,0 is very easily decom* 
posed with evolution of 0; decomposition of 
moist hydrate in presence of water begins at 6® 
(Kriiss, lo-)* When quickly washed with odd 
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wateii pressed between paper, and then dried in 
vacuo, it is obtained pore. This bydrate forms 
an olive-green powder; it reacts with acids to 
give onprio salts and H^Oj; dilate HCIAq is 
said to produce a little 0 . • 

Oxidts of copper other thcfn Cu^O, 
0ii,0, CuO, and CuO^ Different chemists have 
asserted the existence of oxides of the form 
aK 3 u 0 . 2 /Cu ,0 intermediate between CuO and 
CaOy, obtained either by strongly heating CuO, 
or by the action of hypochlorites on cupric salts 
in solution (v. Kriiger, P. 62, 445; Crum, A. 65, 
218; Fremy. A, Ch. [3] 12. 467; Kriiss, B. 17. 
2693). But according to Osborne {Am. S. [3] 
82, 833) these bodies are all mixtures of CuO 
and CujO; this result is confirmed by the ex¬ 
periments of Debray and Joannis on the dissocia¬ 
tion of these mixtures (0. P. ?9, 583), and by 
the thermal measurements made by Joannis 
(C. B. 100, 999). 

Copper, oxybromide of, v. Copper, oxyualoid 

OOUPOUMDS OF. ^ 

Copper, oxychlorides of, v. Copper, oxyiialou) 
oouPouNDS op. 

Copper, oxyfiuoride of, v. Copper, oxyualoid 

COMPOUNDS OF. 

Copper, oxyhaloid compounds of.—Several 
oxychlorides of the form Cu^ClwOj are known ; 
an oxyfiuoride CnFj.Cu(OH)^, and an oxyiodide 
2CuIyCu0.4H.p, are also known; uu oxybrom¬ 
ide probably exists, but it has not been isolated. 

Copper oxybromide. —When a little NH^Aq 
is added to CuBr^Aq, a pale-green pp. is obtained, 
which becomes grey on heating; both of these 
t^ies arc oxybromides according to Lowig (P. 
14, 486). 

Copper oxychlorides. —Various compounds 
of CuO with CuCl, are obtained by digesting 
CuCljWith Cu(OH)j,also by the incomplete ppn. 
of CuCl, by alkalis, and also by the action of 0 
on moist CuClj. The following are the chief 
oxychlorides:— 

I. OuCl 2 . 2 CaO. 4 H 3 O; blue-green pp. by adding 
to CuCl, enough EOH to decompose ^ of the 
OUCI 2 ; or by diluting CuCl^Aq until the liquid is 
blue (Gladstone, C. J. 8 , 211). This oxychloride 
loses SHjO at 140®, leaving a chocolate-coloured 
monobydratd (Kane, A. Ch. 72, 277). 

n. 2 (CuCly 3 CuO). 7 H 20 ; green pp. by adding 
excess of NaCjHjOaAq to boiling CuCi 2 Aq, or by 
the action of NaClAq on Cu(C 2 Hs 02)2 (Cnssel- 
Pr. 4, 24). Also obtained by adding 
insufficient for complete decomposition, 
to a mixture of CuSO^Aq with excess of NaCl 
(Beindel, /•pr. 106, 878). 

TTT. CuOl 8 . 8 CuO. 4 H 2 O; occurs native as 
Atacemite; used in the arts as Brunswick green. 
Prepared by the action of air on copper plates 
covered with HClAq or NH,ClAq; or by digest¬ 
ing in air a mixture of NaCl, Cu turnings, and 
CuS 045]^0 with enough water to form a thick 
magma, or by exposing moist CujClj to the air 
(Vogel, D. P. J. 136, 288; v. also Field, P. M. 
t4] 24,128 J Debray, Bl [2] 7,104). 

CoFPEB oxTriiUOBiD* CaFj.Cu(OH}j 
r-CuF.OH] (Balbiano, a. 14.74). A greenish- 
white solid obtained by adding to HFAq, CuO or 
CuCO, in quantity not sufficient to saturate the 
acid; or by mixing CuSOjAq and EFAq. 

CoFPEU oxYXODiDx 2C{U2.0aO.4H,O $ prepared 


by the action of On on BalaAq in preseace M 
air (v. euprdt Cupbzo iodidb). 

Copper, oxytulpbidei of, xCuS.yOuO. When 
Na 2 SAq is dropped into an ammoniaoal solution 
, of OuSO, at 70°-80® till the blue colour dis- 
; appears, a pp. of fiOuS.CuO is formed; at higher 
I temperatures the pp. contains more CuO, and at 
! ordinary temperatures OuS is the product (Pa- 
louze, A. Ch. [3] 17, 393). According to Mau- 
mend {A. Ch. [3] 18, 311) various oxysulphides 
are formed during the action of cone. H 3 SO 4 
with Cu, but this is negativ 6 d by the experiments 
of Pickering (0. J. [2] 18, 112). 

Copper, phosphides of.—Two phosphides of 
copper are known, CujPj'and CugF^; another, 
CumP.j, probably exists. The molecular weight 
of none of these compounds is known with 
certainty. Cu and P may be melted together in 
I all proportions. 

I I. Tri-copper phosphide CuaP^. Obtaftied by 
; passing PH 3 over warm CuClj, or by passing 
: PH, into CuSO,Aq (H. Kose, P. 14,188; 24,328). 
According to Bottger {J. 1857. 107) the pp. pro- 
! duced by boiling with CuSO^Aq, and washing 
' with K. 2 Cr 20 jAq acidulated with HjSO, (to re- 
j move basic Cu phosphate), has the composition 
I CU 3 P. 2 . Prepared by the reaction of PHj with 
! CuCl.., the phosphide is, a black solid, insol. 

I nClAq, and loses half its P when strongly 
I heated in H. Prepared by passing PH, into 
! CuSO^Aq, the phosphide is sol. HClAq with 
i evolution of inflammable PH,. Prepared by 
j Bottger’s method the phosphide is an easily 
oxidised powder, slowly dissolved by HClAq 
with evolution of non-inflammable PH, (v. also 
Sidot, C. B. 84, 1454). 

II. Hexacoppeu phosphide CujPj. Obtained 
by leading PH 3 over heated Cu,01j or CUjS 
; (H. Rose, P. C, 209; 24, 328); by strongly 
I heating CujPj in H (Rose, l.c.) ; by passing 
I P vapour over Cu heated to duU redness (Abel, 

! C. J. [2] 3, 249). Grey-black solid, e? sol. 

• HNOjAq, insol. HClAq. 

1 A Di-copper phosphide, CUjP,, is described 
I as a grey powder obtained by heating CuHPO, 
j in a stream of H (H. Bose, P. 14,188; 24, 328). 

I Also produced by heating P with Cu turnings, 

I and then carefully heating the product with 
' amorphous P (Berzelius; but cf. Abel, C. J. [2] 
3, 249). A phosphide, having the composition 
CujP„, was obtained by Cross a. Higgins (O. /. 
35,424) by heating Cu. 2 C 4 Aq with amorphous P 
to 160® for many hours. 

Copper, salts of. Compounds obtained by 
j replacing H of acids by Cu. Copper forms two 
' classes of salts, the cuprous Cu^ [X * Cl, Br, I, 

SCN, <Jc.], and the cupric CuX, [X « Cl, NO„ 

Ac.]. Few cuprous salts except those 

derived from haloid acids known; a few 
I double salts of this class have been prepared, 

1 Cu3SO,.(NH4),SO„ and some cupro-cupric salts 
I are known, «.y.Cu^Oj.CuSO,.5HaO. The cuprous 
I salts are generally insol. water, while the normal 
I cupric salts as a class dissolve in water. The 
I cuprous salto are less stable than the cupric; 
I but cuprous iodide is so much more stable than 
I cupric i^ide, that the latter has not beenisoisted, 
I reocUoas which might be expected to yield 
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{jt.g. KIAq + CuSO,Aq) produce OuJ, and iodine. 
Many basio oupric salts are known.i^Ihe cuprous 
salts are not generally obtained by reacting on 
CujO with acids, but by reduction of cupric salts 
(t>. Cuprous ohloridb). Cupric salts are 
usually obtained by reactions between acids and 
CuO or CuCO,. A great many cupric salts have 
been prepared (v. Carbonates, Nitrates, Sul¬ 
phates, <to.) ; the following are the chief salts of this 
class:— hromaU, carbonates, chlorate (and salts 
of other chlorine oxyacids), iodate mdperiodate, 
molybdates, nitrates and nitrites, phosphate [and 
salts of other phosphorus oxyaoids), selenates 
and selenite, silicates, sulphates and sulphites, 
tungstates, uranates^ vanadutes. 

Copper, seienldes of. I. Cuprous selrnidv 
Cu..Se. A steel-grey mass, obtained by heating j 
Cu turnihgs with Se. Occurs native as Berzelia- 
niie. II. Cupbio selp.nide CuSe. A greenish- | 
black solid, obtained by passing Se vapour over 
coppef plates (Little, A. 112, 211); S.G. 6-C6. 
Also formed by passing H.Se into a solution of a 
cupric salt (Berzelius). 

Copper, silicide of. No definite compound 
has been isolated. Bodies more or less resembling 
alloys of Cu and Si are obtained by heating 
K.^SiF^ with Na and Cu (u. Beville a. Caron, C. IL 
45,163; Winkler, J.pr. 91, 103). 

Copper, silicofluoride of, CnSiFfl.OHO. Blue 
crystals, obtained by dissolving CuO in ILSiF^Aq; 
deliquescent; heated to 60® gives CuSiF„.4IJ.O 
(Berzelius; Stolba,j)r. 102, 7)- Decomposed 
at 130®-140® giving CuF.OH, SiF„ and HF; 
absorbs NH, giving CuF.OH.^NIIj, NH,F, and 
SiO, (Balbiono, G. 14, 74). 

Copper, sulphides of. Two sulphides of copper ' 
are known, CUjS and CuS. As neither has been 
gasified the molecular formulie are not known 
with certainty; Tickering (C. J. 30, 401) says 
that OuS heated in H at 200® gives Cu.S, and at 
0. 650° it yields Cu; because of this reaction ho 
thinks that tli« formula of cupric sulphide ought 
to CUjSj and not CuS. Cuprous sulphide, 
Cu^S, is the more stable of the two sulphides; 
both are distinctly basic, forming the basic : 
radicles of various sulpho-salts; but CuS also 
combines with NOjS &o., forming compounds in 
which CuS acts as the negative radicle {v. Cu¬ 
prous, and Cupric, sulphide ; Combinations). 
Compounds are also known which probably con¬ 
tain the radicle CuS, (u. p. 202). 

I. Cuprous sulphide CmS. Occurs native 
as Copper’glance', S.G. 5*97 (Karsten, S. 06, 320, 
394). Crystallises in rhombic forms a:b:c 
A**582jl; *973; and also in regular oolahedra ; 
isoraorphous in botli forms with Ag^S. Forms 
compounds with some less positive sulphides (u. 
Combinatiem). * 

Formation. —1. By heating a mixture of 4 
parts finely divided Cu with 1 part S (Winkel- 
blech, A. 21,34). Spirals of Cu burn in S vapour 
to CujS. CUjS if also formed by repeatedly and 
strongly pressing together a mixture of Cu and 
S (Spring, B. 16, 999).—2. By the action of 
NH,8HAq on Cu (Heumann. B. 6, 748).—3. By 
heating CuSO, with carbon. * 

Preparation.—1. By heating electrolytically 
deposited copper with cone. H^SO, for a abort 
time at c. 124° (Pickering, C. J. 89,402).—2. By 
heating pure CuS in a stream of H to o. 265° bo 
long as BL^S is evolved (P., 2.e.).^. By passing 


H,jS into solution of a Cu salt in presence of 
NallCO., at 200® (do Senarmont, A. Ch. [3J 32, 
116).—4. By heating CuSO,, or other Cu salt, in 
dry H..S and then in H (Carnot, Bl. [2] 32,163). 

Properties and Bdociions.—(S.G. v. supra.) 
Greyish^Iue solid, fusible at moderate tempera- 
ture.--l. Generally said to be unchanged when 
heated in hydrogen, but according to Pickering it 
is reduced to Cu by heating in H stream at o. 
650° {G. J. 39, 404).—2. Reduced to Cu by heat¬ 
ing to white heat in water vapour (Regnault, 
A. Ch. 62, 387).—3. Chlorine slowly acts on hot 
Cu„S.—4. Heated in air gives CuSO, and CuO.— 
5. Heated with cupric oxide forms SOj and Cu 
or Cu.D.—6. Heated with litharge, SO,, a little 
CuX), PbO, and Pb are formed.—7. PhosphO’ 
retted hydrogen forms Cu phosphide.—8. Alkali 
carbonate does not react with CUgS when the 
two aro heated together, but in presence of 
carbon or caustic alkali a part of the 00,8 is 
reduced to Cu.—9. Heated with nitre, KjSO, 
Cu are formed.—10. Silver nitrate reacts in 
accordance with the equation CUjjS + 4AgNOj»= 
2Cn{NO,l, I- Ag.;S?'2Ag (Heumann, B.6,761; 8, 
.^34; Schneider, P. 152, 471; 164, 295).—11. 
Boiling cone, hydrochloric acid slowly forma 
CuDI^; cold nitric acid forms CuS and Cu(NOa)j; 

: /wi miricocici forms Cu(N 03), and separates S.— 

! 12. Heated in cartort ^fioxiac to about 260°-300° 

I Cu is formed (Pickering, C. J. 89,405). 

; CoinbiTiations. —1. With non-metallic suU 

i phides (i.) CvLjS.PjSs, and 2Cu,^S.P2S; produced, 
the former by adding PjS to ammoniacal Cu^Cl^Aq, 
the latter by heating the first to redness in a re¬ 
tort (Berzelius, P. 7, 29). (ii.) 2Cu2S.P.iS,; the 
pp. from ammoniacal CujCljAq by alkaline poly¬ 
sulphides is heated with P^S (Berzelius). • (iii.) 
.‘{Cu 2S.2 As.^S 3, occurs native as Binnitsi 
30u 2S.A8.^S, occurs native as Enargiie. (iv.) 
Cu..S.Sb2S3 occurs native as Copper-antimony 
glance',' is formed by heating, 

2Cu.,S.CuS.Sb.Bs which is produced by pre¬ 
cipitating CnSO^Aq by NajSbS^.—2. With me¬ 
tallic sulphides. Cu^S.Fe^S,, 3CUjS.Fe2S„ and 
CU2S.2FeS.Fe2S, occur as minerals.—3. With 
non - metallic and metallic sulphides, (i.) 
4(Cu2Fe)S.A82S8“TVnnanfifa; 3Cu2S.3FeS.AB3S, 
= Epigenite. (ii.) Cu2S.2PbS.Sb2S,='Bown«?»w<c. 

II. Cupric sulphide CuS (or CU2S2, u- begin¬ 
ning of Copper, suLOdiDEs op) occurs native as 
CovelUtB', S.G. 4’59 to 4-64 (Karsten, S. 65,320, 
894). A green-black solid; by compressing 
I at 6500 atmos. appears as dark-blue metal-like 
mass (Spring, B. 16,1142). Acts as a basic sul¬ 
phide, forming compounds with less positive 
sulphides; but also forms compounds with NsjS 
&c., in which CuS forms the negative part of the 
salt. 

Colloidal form of CuS (Spring a. De 
: Boeck, Bl. [2] 48,166). An aqueous solution of 
CuS is obtained by ppg. a Cu salt solution by 
H^S, or preferably t>y NH^HSAq, and prolonged 
washing by decantation with dilute H,SO,Aq, 
then dissolving in water and boiling for a few 
moments to expel H,S. The aqueous solution 
of CuS is dark-coloured, with slight greenish 
fluorescence; the CuS is ppd. by addition of 
various salts, e.g. alum, AI28SO4, &g. 

Formatwn.—By adding an alkaline sulphide 
to solution of a Ou salt; Thomsen (B. 11,204d) 
says that the pp. formed by adding N&,SAq te 
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CaSO«Aq has the composition Oo^St. By pass* 
ing into eolation of a On salt. 

Preparation.—1. CuSO^Aq, prepared from 
pure electrolytio OUy is ppd. by H^S, and the 
pp. is dried at a low temperature in a current of 
tIjS.—2. Pure electrolytio Cu is heated with 
cono. H 2 SO 4 to about 180° for some little time, 
the residue is washed, and heated for a short 
time in a rapid current of H at 0 .160° (Picker* 
ing, C. J. 89, 401).—8. Pure finely-divided CUjS 
is treated with cold cono. nitrio acid, the residue 
is thoroughly washed.—4. parts finely di¬ 

vided Cu (ppd. by Zn) are gently heated with 
1^ part flowers of S, so that the excess of S sub¬ 
limes ; any residual S may be removed by wash¬ 
ing with KOIlAq. 

Pr(^rties and Reactions. —1. Moist CuS 
readily oxidises in air to CuSO<.—2. Heated to 
0 . 880° for some hours, Cu^S is -formed (Picker¬ 
ing, C. tT. 89,406).—3. Heated in carbon dioxide 
to c. 180° CujS is formed, and at c. 350° Cu is 
produced; heated in hydrogen to c. 200 ° redac¬ 
tion begins, and at c. 265° CujS is formed, and 
at 0 . ^20° Cu is produced (Pickering, C, J. 39, 
403).—4. Dissolved by nitric acid with separa¬ 
tion of S; hot cone, hydrochloric acid slowly 
forms CugCl,.— 6 . Dissolved \>ypotassium cyanide 
solution^ also by solution of alkali hicarhonates. ' 
6 . Insoluble in alkali sulphides. —7. Not at- | 
tacked by HjSO^Aq containing } of its volume j 
of HsS04 (Hofmann, A. 115, 286). | 

Combinations. —1. The following compounds | 
of CuS with sulphide of arsenic and antimony J 
ere described by Berzelius, obtained by reac- i 
tions between Cu salts and sulpharsonates and ; 
snlphantimonates (P. 7, 20) ; 2CuS.A8,Sj; | 
I2CUS.AS3S, ; 2CuS.A8jS3 ; 3CuS.Sb,S/—2. 1 
Berzelius also describes the compounds with 
phosphortu sulphides, CuS.PjB; 2CuS.P.^Sy— 
3. With sulphides of the alkali metals. Schnei- | 
der (P. 138, 311) obtained K 2 S. 3 Ca 2 S. 2 CuS 
f *= ^COySj by heating together 1 part finely- 
mvided Cn, 6 parts KjCOa, and 0 parts S; when 
the same proportions of Cu, Na^COj, and S were 
used, the compound Na 2 S.Ca 2 S.CuS( = Na 2 Cu,Sj) 
was produced. Schneider also describes the 
compounds KjFcCusS^ and Na 2 FeCu 3 S 4 , obtained 
by heating Fe, S, and K 3 CO 3 or Na^CO,. 

ni. Compounds of htpotdetical copper tbi- 
BDiiPHiDE (Cu^). When< CuS 04 Aq to which 
excess of NH^Aq has been added is dropped into 
(NHJjSAq nntil a pp. forms, the liquid is Altered 
and allowed to stand in absence of air, a salt 
CUj(NH4)j8, (?«-(NH4)2S.2CoSj] is formed in red 
neemes. This compound is decomposed on ex¬ 
posure to air, or by addition of warm water. A 
corresponding E salt was obtained by Priwoznik 
(P. 6,1291) by the action of alkali polysnlphides 
on CujO, CuO, or Cu^. (Sox more details v. 
Priwoznik, Z.c.; Peltzer, A, 128,184; Gescher, 
A, 141, 860; 148, 876; BloxamrC. J. [2] 8 ,94; 
Vohl, J, pr, 102, 82; Berzelfhs, P. 7, 29). 

Copper, telluride of. By boiling a solution 
of Cu aoetete in presence of ppd. Te, Parkman 
(J. 1861.126) obtained Cu-Te, as a black powder, 
if the solution is cold and SO, is added, the pp. 
is CuTe. M. M. P. M. 

OOPFEB-AHKOirnrK COUPOITHIM. {Cu- 
prammonium compounds. Calamines), Many 
<si &e bodies whicn are formea by the oombina- 
tioa of with the haloid and other com¬ 


pounds of Ou may be regarded as oompounds ol 
various hypothetical ramoles supposed to be de¬ 
rived from NH 4 , N,H„ Ac., by replacing 

Hs by Cuz or On. Thus the compounds 
GUGI 3 . 2 NH 3 and OU 2 OI 2 . 2 NH, may be formulated 
as N 2 H 3 (Cu)Cl 2 and N 2 H 3 (Cu 2 )Cl, respectively. 
From these compounds others may be derived 
by assuming that part of the H is substituted by 
NH 4 ; thus the compound CuCl 2 . 4 NH, may be 
formulated as N 2 H 4 (NH 4 ) 2 (Ca)Cl^ Compounds 
supposed to be derived from the hypothetical 
radicle N 2 H 3 (Cu 2 ) are sometimes called cupro- 
ammonium compound^^ examples of these 
are cupro-ammonium chloride N 2 H 3 (Ca 2 )Clj, 
diammonium - cupro • ammonium iodide 
N 2 H 4 (NH 4 ) 2 (Cu 2 )I|. Compounds supposed to be 
derived from the hypothetical radicle N 2 H(,(Cu) 
arc sometimescalled cupri-ammonium com¬ 
pounds ; examples of these are cMpn-awmowtwnt 
chloride N 2 H 6 (Cu)Cl.>, diammoniwn’Cupri-am- 
monium oxide N 2 H 4 (NH,) 2 (Cu) 0 . It is, ho^^ever, 
very doubtful whether anything is gained at pre¬ 
sent by this extremely hypothetical way of for¬ 
mulating the double compounds of NH, and Cu 
salts. M. M, P. M. 

COPBINB. A name given by Niemikowicz 
(il/. 7, 241) to the methylo-hydroxide of Di- 

METHYL-AMIDO-ACETONE (q.V.). 

COPTINE. An alkaloid contained, together 
with berberine, in Coptis trifolia (Gross, N. Hep. 
Phaim. 23, 63; Schultz, Ph, [3] 14, 973; J. Ph. 
14, 27.3). 

CORAXLIN V. Bosolio acid and anhydride of 

TrI-OXY-DI-PHIIN’YL-TOLYL-CABBINOL. 

COEIAMYBTIN C,„H„0„. [220°]. S. 1*44 
at 22°. 8 . (alcohol) 2 at 22°. [a]« 24-6 at 20°. 
Tlic active principle of Coriaria myrtifolia, a 
purgative and poisonous plant growing in South¬ 
ern Europe (Riban, Bl. 1864, i, 87; 1867, i, 79), 
formerly used for the production of a black dye. 
Prisms (from alcohol). Dextrorotatory HI forms 
a black pp. which gives an alcoholic solution, 
which is turned crimson by KaOH. Baryta 
forms BaC 3 *H 430 ,,(?). Br gives O^H^BrjOio, 
which crystallises in needles (from alcohol). 

Hexa-acetyl derivative 3aq 

[below 100°]. Transparent brittle mass. 

CORIANDER OIL C.^H,,OH. [a]i,= - 92-55° at 
15°. The volatile oil of Coriander seeds (Tromms- 
dorff, Ar. Ph. [2] 2,114; Kawalier, J.pr. 68,226). 
Decomposed by distillation forming Gj^HgtO 
(165°-170°). PjOs forms a terpene CuH,,. On 
treatment with iodine it gives cymene. It forms 
a solid sodium derivative C, 3 H„ONaand various 
ethers. On oxidation with neutral KMnOi it 
gives a ketone CjaHuO (186°), B.G. *897, which 
combines with NaHSO,, and is converted by fur¬ 
ther oxidation into KUO,, acetic acid, and di- 
methyl-sucokiio acid. Alkaline EMn 04 oxidises 
it to CO 21 acetic, and oxalic acids (Grosser, B. 
14, 2485). HOI forms 0,oH.,01, S.G. *953, while 
HI gives which expiodSs below 100°. 

CORIDINB (211°). S.G. ^ -974. 

A base of the p^dioe series oconrring in coal 
tar (Thenius, C. 0. 1662,53). Turns litmus paper 
blue. 81. sol. watef, v. sol. other ordinary men- 
etrua. The hydrocblorio acid solution gives a 
pp. with HgCl,, which melts at 28°, but ma^ be 
obtained as white needles. Colours acidified 
pine wood yellowish red.—B gHjPtOl,: orange pp. 
CORK 9 . CEDLUifOSB, vol. i. p. 721* 
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OO&KEfH V. PnofsiDS, Appendix 0» 
COBNICULAEIO ACID C„H,^0. or 
Ph.0(OO^):0H.CO.OH.,.Ph. [115°]* Longoolour- 
less needles or tables. Formed as a by-product 
in the reduction of pulvic acid to di<hydro-corni' 
culario acid. This latter acid is also formed by 
redaction ot oorniculario acid with zinc-dust and 
NaOH (Spiegel* B, 16,1616; A. 219, 23). 

Coinionlardactone or 

00 - 0 

Ph.C:OH.C:CH.Ph. [141°J. Yellow needles. 
Insol. in caustic alli^lis even on boiling. 

Di - hydro - corniottlario acid CjjHuOj i.e. 
( 0 ^Hj) 304 H 4 ( 0 H).C 02 H. Di-phen7jl-oxy-aTU)elio 
%cid. [134°]. Colourless needles. Sol. alcohol, 
ether, benzene, and acetic acid, si. sol. CSj, insol. 
ligroin. Prepared by reduction of pulvio acid 
with zinc-dust and NHj, COj being evolved. On 
further reduction with sodium amalgam it gives 
tetraj^ydro-oorniculario acid. On fusion with 
KOH it is resolved into phenyl-succinic acid and 
toluene. Distillaflon with quick-lime gives 
C«Hj.CH 2 . 0 H 2 .CO.CH.,.C,H,. Ac^O forms a com¬ 
pound C^Hj^OaHOAo [99°]. 

Salts.—A'Ag and A'^Pb: amorphous white 
pps. 

Methyl ether AfMo: colourless monocliuic 
prisma [68°], formed by reduction of pulvic ether 
or from silver dihydrocornicularate and EtI. 

Lactone CuHi^Oj. [117°J. Colourless 
needles. Sol. ether, benzene, acetic acid, hot 
alcohol, and CS^, slightly in ligroin. Prepared 
by heating the acid (Spiegel, B. 11, 1690). 

Tetra-hydro-corniculario acid Ci-TIi^Oa or 
C«H,.CH2.0H{OH).CH,CH(C,H*).CO,1I(?). Di- 
phenyl-oxy-valeric acid. Thick colourless oil. 
Formed by reduction of di-hydro-covnicularie acid 
with sodium amalgam (Spiegel, B. 14, 1692). 

Lactone 0„H,„02. [71°J. Flat colour- 

iesB needles. Sol. alcohol, ether, and benzene, 
si. sol. ligroin, insol. water. Formed by boiling 
the acid withPwater (Spiegel, B. 14, 1692). 

!rso-Di-hydro>cornioular-lactone C,;!!, ,0^. 
[o. 106°]. Colourless needles. Formed as a by« 
product in the reduction of pulvio acid (Spiegel, 
B. 16,1646). 

COBNIN. A crystalline bitter substance 
which may be extracted by water from the root 
of Comue florida (Geiger, A. 14, 206). Ppd. by 
lead subacetate. 

CORTICIO ACID 0,jH,oOu? An amorphous 
acid said to exist in cork (Siewert, Z. 1868, 383). 

COETDAUNE O.gH.^NO^. [130°]. Occurs 
in the roots of Corydalis bulbosa, C.fabacca, and 
Aristolochia cava (Waokenroder, Kastn. Arch. 
(1826); Peschier, Trommsd. N. J. 17, 80; 
Winckicr, Pharm. Cenir,»l9Z2, 38; A. 87, 225; 
Buiokboldt, A. 64, 369; Muller, J^iertelfahr. pr. 
Pham. 8, 626; Wicke, A. 137,274). The alka- 
loid is extracted by dilute acid, and may bo iso> 
lated after ppr^ by sodium phosphotungstate. 
Short prisms ffrom strong solutions) or slender 
needles (from ailute solutions); insol. water, sol. 
ordinary solvents. Tastes bitter. Ppd. by NaOH 
from its solution in acids, the pp. being sol. ex« 
cess. Ppd. by the usual reagents for alkaloids. 
-B'HOieaq; tuftsof needle8.--B'jH^Pt01,: yel- 
low crystalline pp.—B'H-SOiJ needles, si. aol. 
water. 

Bthylo-iodide B^tl. Ctysialline, si. sol. 


water. Not decomposed by aqueous NaOH, but 
converted by moist AgjO into an alkaline hy¬ 
droxide.—■{B'EtCl) 2 PtCi 4 : amorphous pp. 

COTABNAUIC ACID v. Narcotinb, 

COXABKIC ACID v. Narcotinb. 

COTABNINE v. Narcotinb. 

COX^ BABE. Two kinds of coto bark are 
exported from Bolivia, one from the interior of 
the country called cinchona-coto or genuine 
coto, derived probably from some plant belong¬ 
ing to the LauracecB or Terebinthaccte, rather 
than to the Rubiaceie. It is used in cases of 
diarrhoea and colic, as also for neuralgia, rheu¬ 
matism and gout. The other kind of coto- 
bark or paracoto-bark (Jobst a. Hesse), from the 
banks of the river Rlapirl, rcscraoles the former 
in appearance, though its physiological action is 
much weaker. True coto bark contains cotoiu 
' and dicotoin; the other bark contains paracotoin, 
hydrocotone, and its dibenzoyl derivative, leuco- 
tin, and oxyloucotin; piperonylic acid is present 
in both (Harz, Ar. Ph. [3] 7, 214; Gietl, ibid. 

I 221; Wittstein, ibid. 219; Burkart, Med. Coires. 
I A7't2. Verein WUHe7nhurg, 1870; Biilz, Central* 
blatt Med. Tfiss. 1878; Jobst a. Hesse, A. 199, 
17). The physiological action of cotoin and 
paracotoin has been studied by Albertoni (/.1883, 
1363, 1488). 

! Cotoin C.^HigOfl. [130°]. 

I Preparation. —The finely-powdered coto-bark 
is exhausted with ether, the extract evaporated 
to one-tenth, and the residue mixed with warm 
petroleum; on cooling a black resinous mass 
separates, the liquid from which on evaporation 
deposits crystals of cotom. From the resin the 
compound is also obtained by boiling with lime, 
and the solution acidified with acetic ajid; 
from this liquid cotoin is deposited in leaflets or 
pale golden needles. It is finally purified by 
charcoal. 

Properties. —Prisms or tabular crystals, v. 
sol. alcohol, chloroform, and benzene, si. sol. 
water and petroleum; sol. alkalis and their 
carbonates, but reprecipitated on acidification. 
Neutral to litmus. Inactive. 

Rcactions.-~\. With 7ixtric acid it gives a 
blood-rod colouration.—2. Reduces gold and silver 
salts and Fehling’s solution when warmed.— 
3. With ammonia and rb(OAc )2 it gives a 
yellow flocculent p^p. C.MlI,,PbjO,,.—4. Heated 
with 'concentrated acids or alkalis it yields 
benzoic acid. 

Triacetyl derivative [94°], 

Prisms, sol. CHCl, and water. 

Tri-bromo-cotoin. [114°]. Yellow prisms, 
insol. cold water, decomposed by hot water, sol. 
alcohol, chloroform, and ether. 

Dicotoin C44 Hj„0,,. Anhydride of cotoin^ 
[74°-77°]. When crude cotoin is treated with 
boiling water, crystals of cotoin at first separate, 
then leaflets .of dicotoin, which are separated 
by a sieve. Faletf^ellow glistening leaflets, sol 
alcohol, acetone, ether, and alkalis. By potash 
it is converted into cotoin; and by AojO into 
tri-aoetyl-ootoin (Jobst a. Hesse, A. 199, 29). 

Paracotoin OjgH.jO,. [152°]. 

Preparation. —Finely divided para-ooto bar! 
is extracted with ether, and from the residm 
left on evaporation a crystalline mass of para- 
cotoin, oxyleuootin, leucotin, and its di-benzoy. 
derivative separates out. This is fraotionallj 



S64 


COTO BABK. 


eryats^lliBea Irom ftlcohol, when the peracotoln 

separates oat first 

FrcferUes.--P&le yellow leaffets, sol ether 
sad omoroform; of neutral reaction; does not 
react with Ac^O. 

Beactions,—!. Sol. nitric add forming a 
wJiow nitro- product.— 2 . JBr ^ives an unstable 
bromo- derivative.—3. On fusion with potash it 
yields formic and protooatechuic acids, but 
when boiled with a solution of potash paracu- 
marhydrin is formed thus CjsHjjOa + ‘ 2 H,p 
» 2 O 9 H 1 O, + COj together with paracotoio acid. 

Hydrocoto'in [98®]. Occurs in 

para-ooto bark. Extracted by dilute soda from 
the resinous mass obtained after separation of 
the paracotoln, leucotin, and oxyleucotin. Large 
pale yellow prisms, sol. hot water and alcohol, 
▼, sol. chloroform and acetone. With fei ric 
chloride and sulphuric, acid it .gives a dark- 
brown colouration; with hromiue it gives a 
bromo* derivative 0 , 5 H, 5 Br 04 , crystallising in 
monoolinio prisms [147®], sol. ether, chloroform, 
and alcohol. Further bromination gives a di- 
bromo- derivative, CjjHijBrjO^, crystallising in 
prisms [95®]. On fusion with potash it yields 
hydrocotone and benzoic acid (Jobst a. Hesse, A. 
199, 57). 

Acetyl derivative OuHjsOslOAc). [83®]. 
White prisms. V. sol. hot water. Forms a 
broroo* derivative C, 5 H,.jBrAc 04 , [ICG®], crys¬ 
tallising in white prisms, sol. chloroform and 
boiling alcohol. 

Hydroootone C,«H 2 , 0 ,. [49®]. (243®). V.D. 
11*16. Formed by fusion of leucotin with 
potash; white prisms, sol. ether, acetone, and 
chloroform. Heated with concentrated nitric 
aoid it yields di-nitro-cotone C,hH^,(N 0 ^).^ 0 ^, 
which crystallises in brown leadets of metallic 
lustre; when heated it explodes, emitting violet 
vapours. 

Di-b$moyl» derivative Cj^HjaBz-Pg. 
[IIS®]. Occurs in the para-coto bark; white 
prisms, sol. alcohol, ether, and acetone, si. sol. 
hot water. Concentrated 7iitric acul forms with 
it a bluish-green resin. Stdphuric acid gives a 
dark-yellow colouration. Ou fusion with potash 
it yields hydroootone and benzoic acid. It is 
Unaltered by acetic anhydride. With bromine it 
yields a di-bromo- derivative Cs^HioBr^Og 
[147®], crystallising in whitq^prisms, sol. alcohol 
and acetone, as well as a tetra-bromo- deri¬ 
vative OtsHjgBfgOg [84®], crystallising in octa- 
he^, sol. alcohol and chloroform. 

Faraonmarhydrin C»HgO,. [83®]. Formed 
hj boiling paracotoin with aqueous EOH. La* 
mina; «m«lHn g like coumarin; si. sol. cold 
water, v. e. sol. alcohol. 

lionootin [97®]. The chief con- 

stitueutcrftheextrMtofpara-coto bark. Separates 
from the alcoholic mother-liquor in the prepara¬ 
tion of para-ootoin. Small prisms. ^1. sol. boiling 
water, v. sol. alcohol and ethe». Inactive. Not 
attacked by Ao^O. HNO, gives a bluish-green 
main and solntion. Pbtash-fusion gives benzoic, 
formic, and protocatechuic acids, protocatechuio,. 
aldehyde, cotogenin, and hydrocotoin. Br gives 
a di-broino- derivative Cj^HjgBrjOj [187°], 
and a tri-bromo* derivative 

[167®]- 

Cotogenin OuH^Oj. [210®]. Obtained by 
losing leucotin with EOH. May be ciystallisea 


j from HOAo. bJ|' ‘ 

1 strongly heated. V. si.' 1 


. . when 

which turn brown m the air. S^coIoan U, 
alcoholic solution green. 

Paracotoio acid CibH^O,. [108°]. Formed 
by boiling paracotoin with dilate alkalis 
C,yH,.j0g + H.() * CipHnO;. Yellow amorphous 
powder, sol. alcohol and ether, insol. water. 
The Ba, Pb, and Ca salts (MA'j) ate yellow 
amorphous pps. 

Oxyleucotin 034 H„ 0 , 2 . [134°]. Occurs in 

paracoto bark. Prisms (frc4n alcohol). V. e. 
sol. alcohol and HOAc, m. sol. ether. By heat¬ 
ing with cone. HNO 3 it is converted into a 
bluish-green resin and a bldish-green solution. 
Inactive. It is not coloured by FCjClg. Cone. 
HCl at 140° gives protocatechuio acid. Potash- 
fusion gives protocatechuio acid and aldehyde,- 
benzoic acid, formic acid, and cotogenin. Br 
gives a di-bromo- derivative 
[192®], and a totra-bro^no- derivative 
Cg.H^Br.O,^ [159®]. 

Paracoto oil. Prepared from the para-coto 
bark by distillation with superheated steam. 
Light mobile liquid. S.O. i- *93, a = —2*12; 
separated by fractional distillation into (a) and 
(3) paracotene, (a), (/3) and (>) paracotole. 

. (a) Paracotene V.D. 5-17. (160°). 

S.G. ^ *87. (o]d = +9-34. Strongly refractive 
oil of aromatic odour. 

{$) Paracotene C„II,h. (171°). V.D. 4*83. 
S.G. * 88 . [«]d ■= —"GO. Oil, of faint aromatic 
odour. 

(a) Paracotole C,gH,.0. (221°). V.D. 6*17. 
S.G. •O.H. [a]„ » —11'87. isomeric with the 
oil of oubebs, which it resembles in many re¬ 
spects. 

{$) Paracotole CJl^. (236°). V.D. 12*8. 
S.G. [a]i, =s —5-98. Oil of faint aromatic 

odour. 

{y) Paracotole C,,H,gO,. (240^). SLG,.i 5 

•97. [a]D = — Turns yellow on exposure from 
absorption of oxygen (Jobst a. Hesse, A. 199,75). 
COTTON V. Cert.ulosk. 

COUMALIC ACID CgH^O* i.c. 
O-CII-C 1 CO 3 H) 

j I . Cumalic acid. [207®] 

OC-CH=CH 

Prepared by heating malic acid with H 2 SO 4 or 
ZnCl^, and precipitating the melt in water; the 
yield is nearly theoretical. The reaction probably 
consists in the splitting off of formic acid with 
production of the semi-aldehyde of malonlo 

acid H’ undergoes further 

condensation, forming foumalic aoid (Peohmann, 
B. 17, 936). a Sublimable. Small colourless 
prisms. V. sol. alcohol and acetic acid, si. sol. 
cold, more sol. hot, water. It reduces ammonia- 
cal silver and copper solutiong^n boiling. Its 
aqueous solution is decomposed on boiling. On 
oxidation it gives fumario acid. NH, forms, ia 
the cold, oxy-pyridine carboxylic aoid. 

Methyl sfAer'A'Me: [74°J; (o. 260®), 
long, colourless needles or plates. 

Coumal-anilidio acid 
C03H.CH:CH.C(CO,H):OH.NHPh. (?) 
Mono~metnyl ether 

CO^.CH;OH.O{COaMe);OH.NHPh. [140®]. 
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Formed by the wtlon of aniline on an e^cohdlo i even by exposing a concentrated ^cobolb aolu- ’ 
eolation of the methyl-ether of ooumelio acid tion to sunlight. Sodium amalgam reduces it» 
jpechmann a. Welsh, B. 17,2892; J, 47,145). aa well as its (0) -isomeride, to the methyl deriva* 
Yellow needles, v. sol. hot alcohol, chloroform, tive of oxy-phenyl-propionio acid. Br in OS* 
and benzene, si. sol. ether, insol. water. By gives the methyl ether of (a)-di-bromo-o-oxy- 
boiling with aqueous NaOH it is converted into (i 8 )-phenyl.propiomo acid iv. toI. i. p. 608). 
the phenyl derivative of oxy-nicotinio acid— Undiluted bromine forms the methyl-e&er of 
O 4 H 1 N (OPh)COaH[l:2:5]. tri - bromo • oxy - phenyl • propionic acid, HNO, 

Bromoooumalio acid v. vol. i. p. 5C5. gives the same di-nitro- derivative as with its 

PARAGOTTBIAEHYDEIN v. Goto bakk. (/3)-i8omeride. Fuming HI unites in the cold, 
o-OOTTHARIG ACID CkHkOv o-Oxy-dnna* and on adding NsjCO, there is formed 
tnic acid. o-Oxy-phenyhacrylic acid. Mol. w. OgH^(OMe)CH;OH 2 . KMnO. oxidises it to [2:11 
164. [208'']. V.D#6-5 (calc. 6 ' 66 ). CgH,( 0 Me)C 02 H.— BaAV — Methyl ether 

Occurrence.—In melilot [Mclilotus officinalis) [ 2 :l] 0 gH^(OMe).CH:CH. 0 O 2 Me. (276"). S.O. ^ 
andintheleaveBofilw^<BCMm/m{?ran 5 (Zwengor, 1*140; §§ i*278. Formed by heating coumarin, 
A. Suppl. 8 , 80). ♦ MeOH, and Mel for 3 hours at 100®, Converted 

Fomofion.—Fromo-amido-cinnamio acid by by KH, at 160® into the amide of the (/3)-i80- 
the diazo- reaction (Fischer, B. 14, 479; A. 221, meride. 

274). {ff)-Meihyl derivative 

Prcporatton.—Coumarin (10 g.) is added to a [ 2 :l] 0 gH|( 0 Me^.CH:CH.C 02 H. [183®]. Formed 
solutien of sodium (3*6 g.) in dry alcohol (65 O.C.), by heating [ 2 :l]CgH 4 (OMe).CHO (2 pts.) with 
and the mixture hegted for hours. 'The pro- NaOAo (1 pt.) and Ao^O (3 pts.) at 176"^ (Perkin, 
duct is diluted and evaporated to a small bulk. C. J. 31, 414). Formed also by heating its 
The coumario acid is ppd. by HGl. The pp. is (a)-isomei'ide. ^all monoolinic prisms (from 
dissolved in NajCO^Aq, freed from unaltered xylene) a:5:c=: *441*1: *807; 3 = 64® 41'. M. so), 
coumarin by shaking with ether, the acid is alcohol. Br inCS^ givesthemethyldorivative of 
reppd. by HCl and crystallised from water (3)-di-bromo-oxy-phenyl-propiomc acid (v. vol. i. 
(Ebert, A. 226, 347; cf. Dclalande, A. Ch. [3] 6 , p. C03). Undiluted bromine forms the methyl 
3-13; il. 45, 333; Bleibtreu, il. 69,183). ether of tri-bromo-oxy-phenyl-propiouio acid. 

Properties.—Long needles, v. si. sol. cold KMnO^ gives 06 H 4 ( 0 Me).C 02 H (Tiemann a. Will, 
water and ether, v. sol. alcohol, insol. CHCI3 and B. 15,2078). Po^li-fusion gives salicylic acid. 
CS^. Not volatile with steam. Decomposed on HNO, forms a di-nitro-derivative [193®].— 
distillation with formation of phenol. Its solu- Methyl ether C,H,(OMc).CH:CH.COjMe. 
tion in alkalis is yellow with green fluorescence. [293®]. S.G. 1*1486; 1*1303. V.D. 6*5 

Cone. HBrAq slowly changes it in the cold into (calc. 6 * 6 ). M.M. 2*389. Un 1*6005 at 10®. Ob¬ 
its anhydride, coumarin. tainod by means of PCI 3 and HOM 0 . Formed 

Iteactiojis. —1. Potash-fusion gives acetic and also by heating its (a).iaomeride. With Br in CS^ 
o-oxy-benzoio acids.—2. Sodium amalgam gives it gives CjH,(OMe).CHBrCHBr.C 02 Me [ 68 ®] and 
o-oxy-phenyl-propionic acid (Tiemann a. Herz- an isomeride [126®]. 

feld, P, 10, 280).—3. Bromius (1 mol.) added to Amide 08 H^{OMe).CH:CH.CONH 3 . [192®]. 
its solution in CS.^ gives a white crystalline Small needles (from alcohol), 
substance [ 0 . Ill®] (? di-bromo-o-oxy*phenyl- (a)-{or Alio-) Ethyl derivative 
pr<^ionic acm), which, when exposed to the air, [ 2 :l]CJI, 10 Et)CH:CH.C 02 H. [102®] (F. a. E.); 
gives off HBr, and yields (3)-di-bromo-couinarin [104®] (P.). Prom alcohol, sodium (3*2 g.), con- 
[177®]. marin (10 g.) and EtI (12 g.) (Fittig a. Ebert, A. 

Salts.—BaA'j aq: nodules, v. sol. water.— 216,142; Perkin, G. J. 39, 412). IVhite plates 
PbA'^: crystalline pp.—ZnA',: needles, si. sol. (from water), or tables (from dilute alcohol), 
cold water.—AgA'. V. si. sol. cold water, si. sol. hot water, v, sol. 

Constitution .—Like cinnamic, fumaric, and alcohol and ether. Sparingly volatile with steam, 
citraconio acids, coumaric acid is a symmetrical Reactions. —1. On distillation an oil is got, 
derivative of ethylene, so that it might be ex- whence Na^CO, extracts the (3)-isomcride; the 
pected to exist in two modifications. These two yield is 30 p.o.—2. KMnO, gives ethyl-salicylio 
modifications aro found in its alkyl derivatives, aldehyde and acid.—3. Sodium amalgam forms 
The existence of two modifications might also be the ethyl derivative of oxy-phenyl-propionio 
accounted for by ascribing to one of them the acid.—4. Br forma adibromide [155®}. Salts.— 
XH:CH (CnH„0,)jBa 2aq.-CaA', 2aq. S. 211 at 21®. 

formula C,H.< | (Anschutz, A. 239, Ethyl ether GgHg(OEt).OH:CH.CO,Et. 

X). C(05)j (291®). S.G. ^ 1084; |§ 1074. Md " 1*668- From 

161; 240,183). Except as regards boiling-point, coumarin (14^ g.), NaOH (8 g.) and water, by eva- 
the physical properties of the (a)-dbumario ethers porating to a small bulk and heating the residue 
stand to those of their (3)-i8omerides exactly as with alcohol and EtI (32 g.) at 100®. 
those of citrac^io and maleic ethers stand to {ff)-Eth\fl derivative 
those of mesafonio and fumaric ethers respeo- C 4 H|( 0 Et)CH:CH.G 0 ,H. [133®] (E.a.F.); [185®] 
tively (Perkin, C. J. 39, 659). (P.). Formed, together with the (a)-i 8 omeride 

(a)- (or Alio-) Methyl derivative by treating o-coumario acid with NaOEt and EtI 

0,H/OMe).OH:CH.CO,H. • [89°]. Formed by ‘Formed also from the (a)-isomeride by distUla 
heating coumarin with NaOH (2 mols.) and Mel tion, or by long heating to a high temperatup 
(1 mol.) at 160® (Perkin, 0. J. 89, 409). Mono- (Fittig a. Ebert, A. 216,144). Obtained by hefii 
clinic crystals (from OS,). a:6:c=»*67T:l:l’122; mg C,H.(OEt)CHO with NaOAo and aoetio an 
fl’*87°12'. Y. 6. sol. alcohol, m. sol. ligioln. hydride at 160° (Perkin, C./. 89,413). Needle 
C^ftuget into the (^)-isomeride on boiling, or (from water), or prisms (from alcohol). V. gl 
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aol. cold wateit si. sol. hot water. T. e. sol 
aloohol or ether. The Na salt is oxidised bjr 
KMnO, to ethyl'salicylio aldehyde and e^yl* 
salicylic acid. Bodium amalgam fonns the ethyl 
derivative of oxy*phenyl propionic acid. Br forms 
a dibromide[155*^]. Salts.—(G]iH,,0,),Ca 2aq. 
S. *48 at 21®.—BaA', 4aq. Ethyl aether 
C^4(OEt).CH:CH.CO^t. (303®). S.G.Jfl*09. 
Formed by treating the preceding with PClj, fol¬ 
lowed by alcohol. Formed also by boiling the 
(a}<i8omeride for some time. 

Acetyl derivative 

0^.(OAo).CH;CH.CO^. [146®]. Formed by 
* gently beating salicylic aldehyde (3 pts.) with 
NaOAo (4 pts.) and Ao,0 (5 pts.) (Tiemann a. 
Herzfel^ B. 10, 284). Needles (from water). 
V. sol. hot water, alcohol, and ether. Converted 
by dilute EOHAq into coumaric acid; and by 
heatii^ above 150® into HOAo and coumarin. 

Oarboxy-methyl derivative 
CO,H.C^O.C,H,.CH:CH.CO,H. 0‘CoumaT’Oxy- . 
acetic acid» [190®]. Formed by heating o-alde- ' 
bydo-phenoxy-acetio acid (1 pt.) with acetic an- j 
hydride (5 pts.) and sodium aqetate (3 pts.) to 
boiling for 1 or 2 hours (Bossing, B, 17, 3097). 
Yellow needles. Y. sol. alcohol, ether, and 
hot water, si. sol. benzene, chloroform, and cold 
water. Sublimable. 

T\j TT /CflCr.CBBr.COjH 

Di-bronude ' 

[220®]. White needles; si. sol. benzene, chloro¬ 
form, and water, v. sol. alcohol and ether. 

Anhydride [176°]. i 

Crystalline solid. V. sol. alcohol and ether, 
si. sol. water. Formed by heating the acid with 
phosphoric acid. 

< CHBr.CHBr.CO i 

I . [c.213®]. : 
O.CHj.CO -O 

Orange-yellow needles; v. sol. alcohol and ether, 
sl. soL water and benzene (Bossing, B. 17, 3001). 
Bromo-coumarie acid v. vol. i. p. 564. 
tn-Coiunario acid 

[8:l]C,H,(OH).CH:CH.CO^. [191°]. Formed ' 
by heating tn-oxy-benzaldehyde with acetic an¬ 
hydride and sodium acetate; or by boiling di- 
azocinnamic acid with water (Tiemann a. Ludwig, 
B. 15, 2048). White prisms. Sol. alcohol, ether, 
benzene, and hot water. 

Acetyl derivative ^ 
C^ 4 (OAc).OH:CH.CO^. [151®]. White needles, 
•oi. sJcohol, ether, and hot water. 

Methyl derivative 

C,H,(OMe).CH:CH.OOjH. [116®]. Long white 
needles, soL alcohol, e&er, and benzene, si. sol. 
hot water (Tieinann a. Ludwig, B. 15, 2048). 

^ Oarboxy-methyl d6rivativeCfJi.ffiii.e. 
C;a 4 (OXJHj.CO^).CH:CH.C 03 H [1:3]. m-Phen- 
Qxy•acetic-acrylic acid* m-Ctmaroxy-acetic acid. 
Phenyi-glycollic-m-acrylic acid. [219®]. Pre¬ 
pared by heating wi-aldebyd^o-phenoxy-acetio 
acid with sodium acetate and acetic anhydride. 
White needles (from hot water). V. sol. alcohol, 
ether, and acetic acid, si. sol. cold water. The 
Ag, Pb, Cu,andFe salts are sparingly soluble pps. 
(Klhan, B. 19, 8047). 

p-Coumario acid CfH 4 (OH).CH:CH.C 02 H. 
p-C^-cinnamic acid. p-Oxy-phenyl-acryUc 
add. Naringenic acid. [206®]. 

Preparution.r—1. 2^ of aloes are boiled 


I for two hours with 5 litres of water and 400 g. 
cone. H 2 SO 4 ; after cooling the liquor is decanted 
and the residue again boiled with 2 litres of 
water, the combined extracts are evaporated to 
and when cold extracted with ether. The crude 
p-coumario acid (yield: 1’5 to 1*8 p.c.) left on 
evaporating the ether is purified by conversion 
into the barium salt (Hlasiwetz, A. 136, 81; 
Eigel, B. 20, 2527).—2. p-Oxy-benzaldehyde 
(5 pts.) is heated at 175® with dehydrated sodium 
acetate (8 pts.) and acetic anhydride (10 pts.); 
the yield is 70 p.c. of the oxy-benzaldehyde 
(Tiemann a. Herzfeld, B. 10, 63, 283; Eigel). 
3. By heatingp-diazo-cinnamio acid with water; 
small yield (Qabriel, B. 16, 2301).—4. Together 
with phloroglucin by boiling naringenin with 
cone, aqueous NaOH (Will, B. 20, 299). 

Pre^ertiee .—Thick warts (anhy.) or long 
needles (with a;aq). V. si. sol. cold water, v. sol. 
hot water, v. e. sol. alcohol and ether, si. sol. 
benzene, insol. ligroin. Fe.Clg colours the alco¬ 
holic solution brown. Sodi^gi-amalgam gives 
p • oxy - phenyl - propionic acql. Potash-fusion 
forms p-oxy-benzoic acid (Barth, B. 12,1259). 

Salts. — NH,A' aq: monoclinic tables. — 
CdA'aSaq.—CuA'i; 6 aq.—AgA'. 

Methyl derivative 

C„H 4 (OMe).CH:CH.CO,H. [169®] (E.); [171®] 
(P.). Formed by heating anisic aldehyde with 
acetic anhydride and sodium acetate at 180® 
(yield: 70 p.c. of the anisic aldehyde), or by 
saponification with KOH of the di-methyl-ether 
CaH,(OMe).CH:CH.C 02 Me formed by heating the 
acid with methyl iodide and KOH. Occurs 
among the products of the action of KOH and 
jNlel upon tyrosine (K 6 mer a. Menozzi, O. 11, 
519). Formed also by oxidising the methyl de¬ 
rivative of methyl oxy-styryl ketone with NaOCl 
(Einhorn a. Grabficld, A. 243, 303). Yellow 
needles, m. sol. alcohol, hot water, and HOAc; 
si. sol. cold water and chloroform (Perkin). 
Gives when heated the methyl derivative of 
vinyl-phenol CH 2 :CU.C^H 40 Me. This body,is 
also formed by successive treatment with ^ 
and NajCO, (Perkin, C. /. 33, 214).—A'Na.— 
AgA' (Eigel, B. 20, 2527). 

Methyl ether C 4 H 4 (OMe).CH:CH.C 02 Me. 
[89®]. (303®). Laminee. In chloroform solu¬ 
tion it takes up bromine, with production of 
C 4 H,( 0 Me)CHBr.CHBr.C 0 ,Me [118®] (Valentini, 
<?. 16, 424; Perkin, O. J. 39, 489). 

Chloride C 4 H 4 (OMe).CH:CH.COCl. [60®]. 

Amide C 4 H 4 (OMe).CH:CH.CONH 2 . [186®]. 

Acetyl derivative 

C 4 H 4 ( 0 Ac).CH:CH.C 08 H, [c. 196®]. Formed 

by beating sodium p-oxy-benzoic aldehyde 
C 4 H 4 (ONa).CHO with NaOAo and Ac^O (Tie- 
mann a. Herzfeld, B. 10,65). Felted groups of 
slender needles (from hot water). Sublimes 
readily. Sol. Soiling water, alcohol, ether, and 
HOAc, v. si. sol. cold water, benzene, and OHCla. 

Carhoxy-methyl derivative OhH.qOi 
i.e, 04 H 4 (O.OH 3 .CO^).CH:OH.COja[l: 43 . p-Ctt- 
maroxy-acetic acid. PhenyUglycollic-p-acryUc 
acid. [225®]. Prepared by boiling a mixture of 
p-aldehydo-phenoxy-a^etio acid (1 pt.), sodium 
acetate (1 and acetic anhydride (8 pts.) for 
5 hours. Warty crystals. Sol. benzene and 
benzoline, v. sol. alcohol, ether, and acetic acid, 
si. sol. cold water. The Ag, Pb, Cu, and Fe saltt 
are sparingly soluble pps. (Elkan, B. 19, 804.6). 
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IH-briimtda of ooumarie aoid ». Di-bbouo-oxt- 

(BBNVl-rBOMONIO AOIO. ^ 

Hydro-ooumarlc aoid v. OxY-PHESTL-rao- 
PIONIO AOU>. 

otter dorlvativos are described as Nirao- 
oooMABio icn>, Di-oxt-oinhuuo aoid, and Oxr- 

AMIDO-CINSAMIO AOIDa 

o-COUMABIC ALDEHYDE 

C H4(0H).CH:CH.C0H. Oxy^cinnamicaldehyde. 
[183®]. Long slender needles. V. sol. alcohol 
Ud ether, si. sol. water. Fe^Cl, gives a red pp. 
Formed by the decomposition of its glueoside 
under the influence of emulsin (Ticmann a. Koes, 

^aiucolide [2i]0.H,(O0„H„O.).CA.COH. 
Qhico-cmtnaric aldehyde. [199°]. Formed by 
adding a few drops of dilute NaOH to a mixture 
of helicin [2;1]C,H,(0C,H„0.).C0H aird acetic 
aldehyde. This condensation even takes place 
in dilute aqueous solution and at a low tempera. 
turejTiemann a. Kees, B. 18, 19.98). Fine white 
needles (containing aq). V. sol. hot water and 
alcohol, insol. ether and chloroform. Lajvorota- 
tory. By emulsin it is split up into coumario 
aldehyde and glucose. Sodium amalgam reduces 
it to gluco-coumaryl alcohol 

C,H,(0C.U„0.).CA-CH.,(0H). 

Phemil hydraeide of the glueoside 
C.H.(OC.H„0.).CA.CH:N,HPh: [132°]; sol. 
alcohol and hot water, nearly msol. cold water. 
Oxim of the glueoside 

C.H.(0C.H„0.).0A.CH:N0H: [230°]; long 

white needles (containing 2aq); v. sol. hot water, 
less sol. alcohol, insol. ether. 
m-Coumario aldehyde 

[3:1] C,H,(OH)CH:CH.CHO. [100°]. From m- 
aldehydo.phenoxy-‘'''ctio acid, aldehyde, and 
dilute NaOHAq (Elkau, B. 19, 3048), 
p-Coumaric mdehyde 

[4:1] 0,H,(0H)CH:CH.CH0. [182°]. Fromp- 
aldchydo-pMnoxy-acctic acid in the same way. 

.COFMABILIO acid C.H.Oj t.c. 
C,H,(OH).C:O.CO,H or C.H,<;®q ^C.COjH. 

O’0xy-phenyl.propiolie acid, [191°] (F.); 

[193°] (P.). (c. 312°). Formed by treating («)- 
bromo.coumarin with hot alcoholic KOH (Per¬ 
kin, C. J. 24, 46 ; Fittig, A. 216, 102). Long 
needles (from water); v. e. sol. alcohol, m. sol. 
water, si. sol. chloroform and OS.,. Not at¬ 
tacked by Br or cone. HBr. Potash-fusion gives 
salicylic and acetic acids. KMnO, foims only 
CO.,. Sodium amalgam reduces it to hydrooou- 
marilic acid C,H,0,. 

Salt s.—AgA'.—CaA'., 3aq. - BaA', 4aq. 
Ethyl ether Etk': [27°]; (274° at 720mm.) 
(Hanlzsch, B. 19, 2401)* 

Methyl derivative 0,H,((iMe).C:C.CO,H. 
[120°]. From the methyl -derivative of exo- 
hromo-ooumario acid and dilute KOH (Perkin, 
C. J. 39, 423).* Needles (from CSJ. 
Bromo-oosfianlio AOia 

0;a:,Br<;®^O.COjH. [260°]. From (a)-di- 

bromo-coumarin and alc<Arolio KOH (Perkin, 
0. J. 24, 45). Needles, si. sol. water, v. sol. 
alcohol. 

Methyl derivative 

O.HJ3r(OMe).C!O.CO,H. [188°]. Prepared from 
0,H,Bt(OMo),C«H,^t,.CO^ and aqueous KOH 


(Perkin, 0. J. 39, 419). Small needles (from 
benzene). 

^•Oxy-cumarilio acid Methyl derivative- 
C,H,(OMe)<^®Q ^O.CO,HC4:2:l]. [196°]. Formed 

by boiling bromo-umbellifcron-methyl ether 
• CH:CBr 

aH,(OMeX / with cono. alcoholic KOH. 

o.co 

Long white needles. V. sol. alcohol and ether, 
scarcely sol. cold water, more readily in hot. 
Slightly volatile with steam.—BaA'54aq: white 
crystalline solid {Will a. Beck, B. 19,1783). 
Ethyl derivative 0 „Hio 04 i-e* 

C,H,(OEt)<‘’(f>O.CO,H [4:2:1]. [163°]. 

Formed by boiling bromo.umbelliforon-etbyl 
' Cir:OBr 

ether C-HiOElX | with cone, alcoholio 
I • ^ O.CO 


KOH. Long felted needles (Will a. Beck, B. 19, 
1785). , ' 

Hydro-coumarilio acid ObH^Oj 

O.H.<™«>Cri:CO,H. [117°]. (299°). 

Formed by treating coumarilio acid with sodium 
amalgam, and extracted by ether from the acidi¬ 
fied product (Fittig, A. 216,166). Pearly plates 
(from water); very volatile with steam. V. sol. 
alcohol and ether, m. sol. water. Partially de¬ 
composed on distillation, yielding a phenol. 
Gives phenol on distillation with limn. 

Salts. -AgA'.—Ca.V.2aq. BaA',2aq. 
Ethyl ether EtA'- [23°]. (273°). 

p.Oxy-hydrocoumarilio acid Jl f e 1 hi/i <f «r w 0- 

tive C..H,.0, i.c. C,H,(01te)<^^'>CH.C0,H 
[4:2:1]. [114°]. Formed by reduction of the 
mctliyl dcriviitivo of oxy-coumaviUo acid 

0 ,Hj( 0 Me)<^*^^^C.C 0 jH with sodium-amal¬ 
gam. Hard prisms. V, sol. ordinary solvents. 
Volatile with steam (Will a. Beck, B. 19,1783). 
Ethyl derivative C|,H,20, lA 

C.H,(OEt)<®^^'>CH.COH [4:2:1]. [119°]. 

Formed by reduction of cthoxy-coumarilic acid 
CJIj( 0 Et)<|[^^^^C.C 0 . 4 H with sodium amal¬ 
gam. Hard white^needles (Will- a. Beck, B. X9, 

Di-oxy-coumarilio acid Di-6f7iT/Z iZeriva- 
fiuc C,H,(OEt) 2 <^jj>C.CO,H. From 

bromo-iesculetio ether CoTI;:{OEt)j<^Q 

and alcoholic KOH (Will, B. 16,2119). Slendet 

needles. 

V, also METIIYL-CODMAniLIC A0n>. 

yCHlCH 

CODMAI^N C,n„Oj i.e. C,H,<^^ Mol 

w. 146. (67°). *(290°). •' 

Occurrence ,—In Tonka beans, the fruit o. 
Coumaruma odeyrata, or Dipteryx odorata, m 
small white crystals between the seed ooatini 
and the kernel; found in woodruff (Asp^ 
odorata), in Melilotus officituilis (as mehlota* 
C .HijO. [128°]), in the flowers of sweet-smotei 
vernal grass [Anthoxanthum odoratum), in th 
leaves of Faham {Angraxum fragrant), of ail 
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other ordiid, Orchis ^ca, and of Llatris odo^ 
ratissima (Oaiboart, Histoirs des Drogues Sim- 
pies; Bonllay a. Boutron*Obaillard, J, Ph. 9, 
480; Dolalande, A. Ch. [ 8 ] 6 , 343; Bleibtrou, 
A. 59, 177; Procter, B4p.chim. App. 1861,143; 
Fontana, B, J. 14, 311; Goillemette, A. 14,328; 
Kossmann, A* 62,387; Oobley, A. 76, 35$). 

P^rmation.—!. By boiling salicylic aldehyde 
with Ao,0 and NaOAo (Perkin, C. J. 21, 53,181; 
ef. Yol. i. p. 158).—2. Together with HOAo by 
beating acetyhooumaric acid (Tiemann a. Herz> 
feld, B, 10, 287).—3. By the action of Br at 
170® on the anhydride of o-oxy-phenyl-propionio 
mid (Hoohstetter, A. 226, 860).—4. By heating 
phenol with malic acid and H 3 SO 4 or ZnCl^. 
^6 reaction probably takes place in the follow¬ 
ing st&ges: (1) By splitting off formic acid the 
semi-aldehyde of malonio acid is formed. 

CH(OH).COjH CHO 


DH,.CO^ 




,.COjH 


+ lSjC02 


( 2 ) By condensation oi this aldehyde with 
the phenol an oxy-phenyl-Iactio acid is pro¬ 
duced— ' 

cno 

CA-OH + I 

CH.,.CO.H 

- O.H.<gH(OH).CH;.C02H 

By splitting two mols. of water from this 
dy a cumarin is formed: 

CH;CH 


'aqueous KOH (Perkin. 0. J. 22. 192; William¬ 
son, 0, J. 23, ^0). 

0 ®in, C 2 H.<°^«>C(N 0 H) : [181']. 

Formed by the action of hydrozylamine upon 
thiocoumarin in alcoholic solution. Long white 
needles. V. sol. alcohol, ether, and benzene; soL 
hot water, nearly insol. cold. It is very stable 
to alkalis and acids, but by long heating with 
HCl it is split up into coumarin and HjNOH. 

£thpl-o»imC.H,<°2^>>C{NOEt): [SO'’]. 

Formed by ethylation of thrf»oxim. Colourless 
plates. V. sol. alcohol, ether, and benzene, in¬ 
sol. water. 

Phenyl’hydrazide * 
C.H,<;°^’>C(N 2 HPh): [144'’]. Formed by 
heating thiocoumarin with phenyl-hydrazine in 
alcoholic solution. Long yellow needles. V. sol. 
benzene and ether, sol. hot alcohol, si. sol.^old 
alcohol, insol. water. D^ssol\|^s in H^SO^with a 
green colour (Tiemann, B. 19, 1662). * 

Coumarin bromide C„H„0^rj. [105®]. From 
coumarin (7 pts.) and Br (8 pts.) in CSj (Perkin, 
C. J. 17, 368; 9, 37). Oblique prisms (from 
alcohol); v. sol. alcohol, but decomposed by 
boiling therewith. Gives off Br a little above 
its melting-point. Alcoholic KOH converts it 
into (a)-bromo-coumarin (t>. vol. i. p. 664). 

Chloro-conmarin v. p. 57. 

Bi-coumarin Cj^Hi^O, i.e. 


-iC^ 4 < I + 2ILO 
0 — CO 

(Peohmann, B. 17,920). 

Properties. — Triclinic crystals, a\b\c 
• -8833:1: *3696 (Scacohi, Q. 14, 568). Peculiar 
odour. M. sol. hot water, v. e. sol. alcohol, insol. 
cold aqueous baryta, but dissolves on boiling. 
Ether will not extract it from the solution, but 
abide, even CO„ re-ppt. it. It appears, however, 
to have formed the barium salt of an oxy- acid, 
which is not o-coumario acid, unless the boiling is 
prolonged after the coumarin is dissolved (Ebert, 
A. 216,189). Coumarin dissolves in boiling aque¬ 
ous l^COt without evolution of CO,, apparently 
lormi^ a compound with it. BaCO, has no 
action on coum&rin. ^ 

Beactions. —1. Boiling cone, aqueous KOH 
gives o-coumaric acid.—2. Potash-fusion forms 
acetic and salicylic acids.—3. Gaseous HBr 
passed into its solution forms large transparent 
crystals [c. 45®] of what is probably an addition- 
product. Exposed to the air, these crystals 
quickly lose ^r, leaving pure coumarin (Ebert, 
A. 226, 847).—4. Sodium amalgam reduces it to 
oxy-phenyl-propionio acid. In alcoholic solu¬ 
tion sodium amalgam forms di-bydro-di-couma- 
rie acid which is si. sol. cold water, 

forms the salts Na.,A'' lOaq, GaA* 2aq, PbA", 
CuA'' 2 aq, and Ag,A" and an anhydride 
0||H,«O. [222®] (Zwenger, A. Suwl- 8,32). 
Corru>inaHons with bases.—G»^O^KOH.— 
Obtained ^ boiling coumarin 
(1 moL) with aqueous NaOH (2 mols.) for a few 
ndnutes. JDeliqnesoent; at 150® it becomes 
OAO,Na»0.—OAO,Ba(0:^—CAO^JPbO.- 
((H^,Ag,0: y^ow pp. Formed by adding 
AgKOs to the yellow solatioB of coumarin in 


330®]. From salicylic aldehyde, sodium succinate, 
and ACoO at 100® (Dyson, C. J. 51, 62). Insol. 
ether, alcohol, and benzene, si. sol. chloroform, 
andHOAc. Slowly dissolve® -n boiling NaOHAq, 
but is reppd. unchang'^u oy acids. Reduced in 
alkaline solution by sodium amalgam to hydro- 
di-coumaric acid 0 ,gH, 402 „ which is insol. water, 
sol. CHCl, and benzene. It fonqs the salts 
BaA', 6 aq and AgA'. At 133® hydrodicoumaric 
acid splits up into water and its anhydride 
hydrodicoumarin C,hH,j 04 [266®]. It is recon¬ 
verted into the acid by long heating with cone. 
NaOHAq or with HOAc. Bromine acting on 
hydrodicoumarin in CHCl, forms CiHHuBrO^. 

Hydro-dicoumaric acid is perhaps 



Reduced in aqueous alkaline solution by sodium 
amalgam it gives tbe dihydro-dicoumario acid 
CijHirOj or 

not identical with Zwengei’s acid. Its salts are 
CaA'jBaq.—Ag,A". It' forms an anhydride 
C„Hj 404 [224®i 

Homologues of coumarin. Obtained by the 
action of fatty anhydrides upon sodium o-oxy- 
benzoic aldehyde (Perkin, C. 10). They 
are described as anhydrides of tSb correspond- 
ing oxy- acids. 

Ozy-coumarini. Described as anhydrides of 
Di-oxv-ciknamic acu>,*(2c. The di-oxy-bonzenes 
and their homologues may be converted by treat¬ 
ment with malic acid and H,S 04 into oxy- 
coumarins, and by aceto-acetio ether and a de¬ 
hydrating agent into oxy-methvl-ooamaTins. 
excess of aceto-acetic ether is used, sutaU 



OREAllNE. • 


iiaantitiM of polyooumarins are also fprmed 
(Peohmaun. B. 17, 929,2191; 2U,^328). 

Thus from resorcin may be prepared umbelU> 
CH'CH 

Ieron[*5]C.H,(OH)<;^ [224»], 

(8) -methTl-umbelliferon 

/CMe;OH 


[4 ‘] CA(OH)<;^^ 1^ [248°], 

rl-di-ooumarin 
DMev /CMi 

.0' . 


and di-methyl-di-ooumarin 
OH:CMe. 

I 

CO 

Oroin b>™ rise to 

,CH:OH 


CMe-.CH 

io- 


O.H,Me(OH> 


/ 


C.H.Mei 


\0. CO 
CMeiCH 


I [248°] and 


K V/lUt 

o. 


CO 


[250°]. 


Pyrosallol forms daphnetin 

XH;CH 

[4:3:1] C.H,(OH)/ I [255°], and 
(3)-ineth>i*daphnetin 

< V.> 4 Ut 

Phloroglucia gives 


,CMe;CH 

I . 

CO 


OA(OH),: 


/ 


.CMo;CH 


'^O . CO 
* tri°methyl*tri-couniann ’ 

f XMctOH'l 
0* I V If 

l.\o . COjr 


[284°], and 


NH 

A 

-CII.CH 


0 .CO 

• NBz 

. A 

,CH.CH 

Bentoyl derivativeOfi/ I [171°]. 

^0 .CO 

Fine white needles; sol. warm ether, alcohol, 
benzene and acetic acid; insol. water. Formed by 
boiling an acetic acid solution of the benzoyl de¬ 
rivative of o-oxy-phenyl-oO-imido-propiouic an¬ 
hydride i 0.H,(0H).0,H,(NBz).C0 j 0. By 

treatment with concentrated aqueous NaOH it 
is converted into o-oxy*phenyl*glycidio acid 
0 

0,H,(0H).d^!^.Cp,H 
(PlBchl B. WoUrum, B. 18,1184c/. Bebnttat, G. 
16,627). ^ 

I 

.CO 

Inner anhydride of 0 ‘ 0 xy-phonyl>glycidio odd. 
[ISS**]. Long neemes or prisms. V. sol. ether 
and warm aloohol. Formed by boiling o-oxy. 
phcnyl-glycidic acid with dilute EL^SO,. By 
boili^ with water it Is partly converted back 


again into oxy-phenyl-glyoidio acid (PlOohl a» 
Wolfram, B. 18,1187). 

COVMABIN. CABBOXTLIO AOIB 
/O-OO 

0.hZ I [IS?**]. 

. \CH:C.COOH 

Formed by heating salicylic aldehyde, malonio 
acid, and glacial* HOAc at 100** (Stuart, C. J. 
49, 366). White needles (from water). It is 
not decomposed by boiling with water or on 
melting, but on heating above 190** it evolves 
COo, leaving coumarin. 

Salts.—BaA'j and AgA' are white pps. 
COUMAEIN DIHYDEIDE t). Anhydride of 

OXT'PHBNYLwFROPtOMIO AOn>. 

COOMAROllE 0,H.O i.e. O.H,<^§®^CH. 

(169**). Formed by heating coumarilio acid 
with lime, OOj being split off (Fittig a. Ebert. A. 
216, 168; 226, 847). Formed also by boilir.^' 
o*aldehydo-phenozy-acetic acid with AcjO and 
NaOAo (Bnssing, B. 17, 3000). Heavy oil; 
volatile with st^m. Not attacked by sodium 
amalgam. Converted by a drop of H 2 S 04 into a 
reddish'White amorphous mass. 

Dibromide CaHuOBrj. [86°]. Prisms (from 
CSj). Converted by boiling with water into 
coumarone and other products. 

BromO'Ceumarone CgHjBrO. f86*[]. From 
coumarone dibromide and alcoholic EOH. 
Needles (from dilute alcohol). V. e. sol. aloohp! 
and ether, insol. water and ^alis. 

p.Methozy eoumarone GgHgO, 4.S. 
0,H,(0Me)<‘^^>CH [4:2:1]. (179°). Formed 
by dry-distillation of the silver salt of methoxy- 
coumarilio acid CaH,( 0 Me)<^^^^ 0 .C 03 H in a 

stream of COj. Colourlces oil, having a strong 
odour of flowers. Somewhat heavier than water. 
Very volatile with steam (Will a. Beck, B. 19, 
1784). 

Oxy-methyl-coumarone C,H,0, i.s. 

[4 ]] 0,H,(OH)<™®>OH. [97°]. Formed, by 
loss of CO„ by distillation of oxy-methyl-ooa- 
marilio aoid C.H.( 0 H)<°q*^C. 003 H. White 

needles. Sol. benzene and hot -water, v. e. sol. 
alcohol and ether.* Dissolves in alkalis without 
alteration. Sparingly volatile with steam. 
Sublimes slowly at the ordinary temperature. 
Gives a violet colouration on warming with 
cone. H^SO* (Hantzsch, B. 19.2929). 

Cottniarone«a*oarbozylio acids are identical 
with Gouuabxlio acids (q. v.). 

O.C0FMAEYL.A1C0H0L. Qlucodde. 
O.H 4 ( 00 *H„ 04 ). 0 ^,.CH,OH. Qlvco-oowMryl 
alcohol. [116^1. Fine white needles Containing 
a^. V. sol^aloohol, insol. ether. Formed Iw 
r^uotion oi glnoo-o-coumario ’ aldehyde ^witn 
sodium amalgam. By emulsin^ it ia up 
into ooumaryl alcohol (which is an oU) am 
glucose (Tiemann a. Kees, B. 18,1962). 

CEBATINE O^H^N.O, U. 
NH,.G(NH).NMe.OHa.COjH. MqLw.181. Uithyl- 
guanidO'OMtic acid. S.0.1*86. B. 1*8 at 
S. (aloohol) *016. 

Occurrence.—In the muscular flesh of mam* 
malia, birds, amphibia, and Ashes ((EievieuI] 



m (mEAtim , 

/. Ph. ai, 284; Pottenkofer, A. 62, 97; Liebig, | CSJSATIHINE 0,H,N.O 

A Rfi OOO . 1A<0 OCA . Ti an a/\n . rtn vyv#. « 7 > 


460; 78,696 ; 74,126; O.ie. 24, 600; Gregory, 
C. J. 1, 25; Bessaignes, C. i2. 88, 839; 41, 
1268; J.Ph. [3] 82, 41; A. 97. 339; Schloss- 
berger, A. 49, 844; 66, 80; Price, C. X3, 229; 
Stodeler, J.pr. 72, 256). Occurs also m urine, 
blood, and brains (Verdeil a. Marcet, J. Ph. [3] 
20, 89; Muyer, A. 103, 142; Voit, J. 1867, 791). 
In some cases where creatine has been found it 
may have been formed from pre-existent crea* 
tinin by the process of extraction. Creatinin 
does not, however, appear to exist in flesh 
(Neubauer, Fr. 2, 22; Nawrocki, Fr. 4, 330). 

Synthesis .—By the direct union of cyan- 
amide with methyl-amido-acetic acid (sarcosine) 
in aqueous or alcoholic solution (Volhard, Z. 
P} 6, 319; Strocker, J. 1868, 686). 

Preparation. —Finely-chopped meat (250 g.) 
is heated with water (250 o.c.) at 60^ for 10 
minutes, the liquid is squeezed out and heated 
till the albumen is coagulated. The liltrate is 
treated with lead sub-aoetate as long as ppn. 
occurs, is filtered, and freed fr6m excess of lead 
by HjS. The filtrate from PbS is evaporated 
to a syrup, from which creatine slowly separates; j 
a further quantity may be ppd. by adding alco- j 
hoi (2 or 3 vols.) (Neubauer, Fr. 2, 22; Mulder , 
a. Monthaan, Z. [2] 6, 341). | 

Premerties .—Monoclinio prisms (containing 
aq). SI. sol. water, v. si. sol. alcohol, insol. ether. { 
The aqueous solution is neutral to litmus. Con- | 
verted into its anhydride creatinin by heating 
with aqueous HCl, with ZnCl.,, with H,SO,, or 
even (although slowly) with water at 100°. 
Gaseous HCl passed over creatine at 100° also 
forms creatinin hydrochloride. If 5 or 6 drops 
of a 20p.o. solution of AgNO, are added to 2c.c. 
of a cold saturated solution of creatine, and a 
solution of KOH is added so as just to redissolvo 
the white pp. which is first formed, the liquid 
presently solidifies to a transparent jelly; re¬ 
duction of silver takes place on heating (Engel, 
O. B, 78,1707). 

Beactions. —1. Boiling baryta-xvater splits it 
up into urea (or CO^ and NHj) and methyl- 
amido-acetic acid. Methyl-hydautom is also 
formed.—*2. Nitro^is acid decomposes it, giving 
off half its nitrogen in the free state.—3. Alka¬ 
line NaOBr gives off two-thhds of the nitrogen 
as such (Hiifner, J. pr. [2] 1, 7).—4. Boiling ! 
with water and HgO gives methyl-guanidine 
and oxalic acid.— 5. When heated with soda- 
lime it gives off methylamine. 

Salts.—B'2H2S04 : slender prisms.—B'HCl. 
—B'HNO,: short thick prisms.—B'CdCli2aq: 
large ci;^tal8.—^B'ZnCIg: small crystals, resolved 
by hot water into creatine and ZnOl^ (Neubauer, 
A» 137, 298).—HgC^HTNjOjIaq: white pp. from 
ereatine, HgCl,, and KOH (Engel, C. B. SO, 885; 
B. 8,646). « ' 

Ampbioreatlne C0H„N,O4. A base occurring 
la musoular tissue (Gautier, Bl. [2] 48, 19). 
Yellow crystals; not ppd. by Oa{OAc)5 or HgCl,, 

. but ppd. by ei^iam phosphomolybdate. Its 
hydrochloride is cryst^ine but not deli- 
quesoent. Its platinoohloride forms soluble 
tables. 

Xsomerids of oroatine v. ALiCHBArnrs^ voL L { 

p.93. I 


HN:C<; I , Mol. w. 118. S. 9 at 16«. 

\NH. CO 

S. (alcohol) 1 at 16° (Liebig); -3 at 16° (Johnson). 

Occiirrcnce .—In human urine to the extent 
of -5 p.c. (Pettenkofer, A. 62, 97; Heintz, P. 62, 
602 ; 73, 695; 74, 125 ; Liebig, A. 62, 298, 324; 
Neubauer, A. 119, 39). Occurs also in urine of 
horses, calves, and dogs (Heintz; Voit, C. C. 1867, 
504; Socoloff, A. 78, 243; 80, 114; Maly, A. 
169, 279) and in the flesh of some fish (Kruken- 
berg, J. Th. 1881, 344), ^ 

Fomiatio^i .—From creatine by the action of 
mineral acids or of dehydrating agents. 

Preparation.— 1. Fresh human urine is neu¬ 
tralised with milk of lime ; chloride of calcium 
added as long as a pp. of phosphate of calcium 
continues to form; the filtrate evaporated till 
the gaits crystallise out; 32 pts. of the mother- 
liquor mixed with 1 pt. of chloride of zinc dis¬ 
solved in the smallest possibR quantity of water; 
the mixture set aside for four days; and the zinc- 
compound, which separates in nodules, washed 
with cold water. The zmc-compound is then 
decomposed by boiling with Pb(OH)2,the filtrate 
is evaporated, and the mixture of creatine and 
creatinine digested with cold absolute alcohol, 
which dissolves the creatinine only (Liebig; 
Dessaignes, J. Ph. [3] 32, 42; Heintz; Loebe, 
J. pr. 82, 170; B^p. chim. pure, 1861, 25; 
Neubauer, A. 119, 27; Socoloff, A. 78, 243; 
Grocco, C. C. 1887, 17).—2. From urine, after 
adding ^ vol. saturated aqueous NaOAo, by 
I fractional ppn. with HgCL. A spherical salt 
(C^HjHgNaOHClj.SHgClj 2aq is obtained, which 
is suspended in water and decomposed by H^S. 
The filtrate on evaporation deposits creatinine 
hydrochloride, whence Pb(0H)2 liberates crea¬ 
tinine (Johnson, Pr. 42, 365 ; 43, 493). 

Propci tics .—Monoclinic prisms (anhydrous) 
or etfiorescent prisms (containing 2uq). Neutral 
to litmus (Salkowski, H, 12, 211). V. sol. fiot 
water, m. sol. hot alcohol. According to John¬ 
son (Pr. 43, 493) there are two varieties of crea¬ 
tinine, differing in reducing power, solubility, and 
character of their gold salts. Each exists in 
efflorescent and in tabular form. 1 part of 
tabular creatinine from urine dissolves in 10*78 
pts. water at 17°, and in 362 pts. alcohol at 17°, 
and its Pt salt dissolves in 141 pts. water at 16°; 
on the other hand, 1 pt. of tabular creatinine 
from creatine dissolves in 10*68 pts. water at 
16*6°, and in 324 pts. alcohol at 18‘6°, while its 
Pt salt requires 24*4 pts. water at 15°. According 
to Liebig, 1 pt. creatinine dissolves in 11*6 pts. 
water at 16°, and in 102 pts. alcohol at 16°. 

Reactions.—1. In di^line solutions it is 
slowly converted by taking up water into crea¬ 
tine (Dessaignes, J. Ph. [8] 32,41).—2. Boiling 
with water and HgO gives methyl-guanidine.— 
3. Baryta-water at 100° gives NF, and methyl- 
hydantoln (Neubauer, A. 137, 289).—4. EMnOi 
gives oxalic acid and methyl-guanidine. 

Detection. —1. A ^all quantity of Fehling's, 
solution at 60° gives a white fiocculent pp., con¬ 
sisting of a compound of creatinine with ouprons 
oxide. 1 mol creatinine can reduce about f mol. 
OuO (Worm-Miiller, /. Th. 1881,76; Mesohke, 
Fr. 17, 184). According to Johnson (Pr. 42, 
866 i 48, 498} the creatinine obtained from erta* 
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Hne has not ike same redaoing power as that 
from urine, the reducing effect of 2 mols. glucose 
being equal to that of 5 mols. of tne former, but 
only 4 mols. of the latter.—2. If a dilate solution 
of sodium nitroprusside is added to a solution of 
creatinine and dilute NaOH slowly dropped in, a 
ruby-red colouration is produced. By this test 
the presence of croatinine in urine can be demon¬ 
strated. With creatine no colour is produced, 
unless it is previously converted into creatinine 
by boiling with a dilute acid; in this way the 
presence of creatine in milk can be proved (Weyl, 
B. 11, 2175). On acidifying and warming Prus¬ 
sian blue is formed (Salkowski, H. 4,133; Go- 
lasanti, .0. 17, 129). According to Guareschi 
(C. C. 1887, 580) this reaction is given also by 
thio-hydantoin, methyl-hydanto'm, and other 
compounds containing the group N.CH,.G0.N. 

Salts.—B'HCl: prisms (from alcohol) or 
laminsD (from water).—B'HAuGlf. According to 
Johnaon this salt when prepared from creatinine 
derived from create is decomposed by ether, 
but when prepared from urinary creatinine it is 
not affected by ether.—B'j;HaPtGl,2aq: orange 
prisms. Solubility: v. supra. —B'HI: large 
crystals (from water).—B'^H.^SO^: dimetric tables 
(from dilute alcohol).—B'^ZnClj: monoclinic 
prisma (Schmidt, A. 61, 332). Insol. absolute 
alcohol. S. 1*86 at 15®; 3-G5 at 100°. S. (08 p.c. 
alcohol) *0108 at c. 18°; S. (87 p.c. alcohol) -0174 
(Neubauer).—B'jH^ZnCl4: largo crystals, v. sol. 
water and alcohol (Dossaignos, J. Ph. [3] 32,43). 
NaOAo added to its solution pps. B'^ZnClj (Neu- 
bauer, A. 120, 207).—B'jCdClj: more soluble in 
water than B'jZnCl^.—B'.JIg{NOj)jHgO: crys¬ 
talline pp. formed by adding aqueous mercuric 
nitrate to a cono. solution of creatinine.— 
(B'AgNO,)2Ag.p: delicate white needles (from 
water). 

(a)-KltroBO-creatiniue (?) G4HjN402. [210°]. 
Formed, together with its isomerido, by passing 
nitrous acid ^as into a cone, solution of oreati- 
nir«. It is much less soluble in water than its 
(/9)-isomeride (Dessaignes, C. R. 41, 1258; A. 
97, 339; Marcher, A. 133, 305). Crystalline 
powder, si. sol. cold water, v. si. sol. alcohol. 
HGl at 100° converts it into methyl-parabanio 
acid, NH3, and oxalic acid (Strecker, A. 118,151). 
Br forms O^HjBrN^Oj (?), a neutral crystalline 
substance, v. sol. water. Btl at 160° followed by 
AgjO gives extremely soluble needles of G^H^NO^ 
[162®]. Salts. — B'HClaq. ~ B'.,H.PtCl«. — 
BUNOv 

(3) -Nltroso-creatinine O^HjN^Oj. [195°]. 
Formed as above. Nodules, v. sol. water. 
Salts.—B'HCl: lamina, v. e. sol.cold water.— 
B'jH^tCl,. 

Ethyl-creatinine G^H^StNaO. From creatin¬ 
ine and EtI at 100®, the resulting hydroiodide 
being decomposed by moist AgjO (Neubauer, A, 
119, 50; 120, 257). Needles (containing ^aq). 
V. e. sol. alcoh^ msol. ether.—B'HCl: needles, 
V. e. sol. alosBoI and water, insol. ether.— 
B',H^tCl,.-B'HI: needles. 

Xantho-oreatlnine OaHigN^O. 

’ Occurrence. —In muscular tissue (Gantier, 
Bl. [2] 48,18) and in human urine, especially 
during fatigue (Monari, 0. 16, 538). 

Prpprrfies.—Sulphur-coloured w^stals, hav- 
lug a shghtly bitter taste. On warming it smells 
like acetamide. It has a double action on litmus, 


turning blue litmus red, and sensibly blueing red 
litmus. 

Beactiens. —ZnCl, gives a similar pp. to crea¬ 
tine, B'jZnClj. AgNOj, a floooulent pp., sol. hot 
water, crystallising in noodles.' Ppd. after some 
time bv sodium phosphomolybdate. Its hydro- 
chloTide forms feathery crystals; itsplatino- 
chloride orystallisos in long soluble bnn^es. 

Cbrudoereatinine v. p. 171. 

CBEKIC ACID («f)^j^). Said by Berzelius (P. 
13, 84; 29, 3, 238) to occur in vegetable mould 
and in the ochreous deposits of ferruginous 
waters. The deposit is boiled with potash, and 
the filtrate treated with HOAo and cupric acetate 
as long as a dark-brown pp. continues to form. 
Thispp.containsapocrenic acid. Thefiltrate 
is neutralised with ammonium carbonate, more 
cupric acetate is added, and the liquid heated to 
80°; cupric crenate is then ppd. Grenic acid is 
pale yellow ana unorystalllsable; apoorenic acid 
is brown and si. sol. water. According to Mulder 
{A. 36, 243) crenio acid is OijHijOg, while apo- 
crenic acid is G^HuO,,. Crenio acid dissolves 
ferrous carbonat? (Boutigny, 0. E. 68, 247). 

CBEOSOL OgHjA i.e. 0,H3Me(OMe)(OH) 
[1:3:4]. Mol. w. 138. (220°). S.G. ^ 1*0894. 
Occurs among the products of the distillation of 
beech wood and of gum guaiaoum (Hlasiwetz, A. 
106, 330). Formed also by distilling homova- 
nillic acid CHH,{0Me)(0H).CE[2.C02H with lime 
(Tiemann a. Nagai, B. 10,206). Aromatic liquid, 
si. sol. water, miscible with alcohol, ether, and 
benzene. FojGl^ gives a green colour. ^ or 
potash-fusion convert it into C^HiMe(OH)2 (Tie¬ 
mann a. Koppe, B. 14, 2025). PCI, gives 
C..H3Me(OMe)Cl (?) (186°) S.G. 1*028 which gives 
a green colour with Fefilg and a pp. of AgCl 
with AgNO, (Biechele, A. 151,115). 

Salts.-K0,Hfl022aq: needles, v. sol. water 
and alcohol.—KHA'^aq : thin prisms; decom¬ 
posed by water into KA' and creoLol.—BaA'j 3aq: 
small scales 

Methyl ether OJi,MeiOUe)y (218°). Oo- 
curs in beech wood creosote (Tiemann a. Men¬ 
delsohn, B. 8, 1137). Formed by fusing papa¬ 
verine with KOH (Goldsohmiedt, M. 4,705). Also 
from creosol, KOH, and Mel. Gives no colour 
with Fe-OL. • 

Rfftyl flf;terC,H,Me(OMe](OEt). OU. 

Acetyl (iert^afiveCeHal^®(OMe)(OAo), 
(247°). Oil (Tiemann, B, 9, 418; 10, 68). 

CI^OSOL 8UIFH0NIC ACID 
C,HjMe(0M6)(0H){80,H). From creosol and 
cone. H2SO4 at 60° (Biechele, A. 151.109; Tie- 
mann a. Koppe, B. 14, 2026). Hygroscopic 
syrup.—KA': noodles; its aqueous solution is 
coloured blue by FejCl,.—BaA'j.—PbA'f. 

CBEOSOL CABBOXTLIO ACID v. Methyl de- 
rimtive of Di-oxt-toluio acid. 

CBEOSOTE {Kpias <rcSG>*')—-^ni^^Lture of sub¬ 
stances of a ^enolio character, which may be 
extracted by amaliu from the tar obtained by the 
dry distillation of wood. Bhenish beech tar 
creosote contains phenol, cresols, guaiaool, 
phiorol, and creosol (Reicheobaoh, Sohw. J. 66, 
301,346 ; 67,1,57; 68,362; Ettlmg, A. 6,209; 
Laurent, C.B. 11,124; 19, 674; Deville, A. Oh, 
[8j 12, 228; Gomp-Besanez, A. 78, 281; 86, 
223; 148, 129; Z. [2] 4, 303; Voelckel, A. 86, 
93; 87, 806; Hlasiwetz, A. 106,889; Siffion, P. 
83,129 ; HUbsohmann, A. 11, 40; KOne, A. 16» 
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6»; Fi:iokiger, PK [8] 2,1008 •. Boot* Bl [2] 8, Ethyl ether C3,Me(OEt). (184'8*>). S.G; t 
875; H. Mtliier. Z. 1864,40; Ifarasse, B. 1, OD; -9679. S.V. 170*9. O.E. (0<»-i0°) -0009 (Pinetta, 
1,71; Z. (.2] 4,502; 6, 348; Frisch, J. pr, 100, A. 243,88). From alcohol, EtBr aD4 potassium 
228; J. Williams, 0. C. 1878, 167; Hofmann, oresol by tailing (Staedel, if. 217,41). The yield 
B. 8,66; Tiemaun a. Mendelsohn, B. 8, 1186; is 67 p.o. Also diazo*tolaene sulphate and 
Clark, Ph. [8] 8, 1087; Watzel, Ar. Ph. [3] 10, absolute -alcohol (Bemsen a. Omdorn, Am. 9, 
180). ^ 894). HNO, converts it into 0,H3(N0,),M6(0£t) 

CEE8AUBIK v. Anhydride of tbi-oxv-tbi- [61®] and a little C«Hj(NO.;)^e(OH) [82®]. 
TonTL*CABBZNon. Ethylene ether (O^HfOlsOsH^. [79®]« 

C££60L8 CjH^O {.a. OaH,Me(OH). Mol. w. White plates, si. sol. cold alcohol. 

108. Oxy^toluenes. Methyl phenole.^The three Propyl CBH4Me(OPr). (204*1®). S.G. 
cresols occur in the tar obtained by the destruo- § '9517. S.V. 195. O.E. (0^-10®) *00087 (Pinette). 
(ive distillation of coal, beech wood, and pine Butyl ether G„H4M:3(004H,). (223®). 

wood (Schotten a. Tiemann,B. 11,783; Schulze, S.G.!1*9437. S.V. 218*4. C.E. (0®-10®) *00092. 
B. 20, 410; Duoloa, A. 109, 136; Marasse, A. Heptyl ether CeH4Me(OC,H,*). (277*6®). 
162, 64). They are best obtained in a state of S.G. § *9243, S.V. 292*96. C.E. (0®-10®) *00083. 
parity from the corresponding toluidines by the Octyl ether C„H4Mo(OC„H„). (292*9®). 
oiazo* reaction, or from the toluene sulphonic S.G. *9231. S.V. 317*9. C.E. (0®-.i0®) *00084. 
acids by potash-fusion. A creso) is formed by Benzyl ether v. vol. i. p. 490. 
oxidising toluene in presence of AljCl, (Friedel m-Crosol C„H4Me(OH). [4®]. (202*8®). S.G. 
a. Crafts, C. B. 86, 884). Acid sulphates of the g 1*6498. S.V. 123*2. C.E. (0°-10®) t90078 
three cresols occur in horse’s urine, and cresols (Pinette, A. 243, 40). Ua. Vr5316 at 25®. H.F. 
are converted into such acids when given to 5.3,044 (Stohmann, J. pr. [2] 34, 811). Occurs 
animals in their food (Baumaiia a. Hertor, B. 9, in coal-tar cresol, together with its m- andp- 
1389). The three cresols, by heating with ammo- isomerides (Schulze, B. 20, 409; cf. Ihle, J. pr. 
niacal ZnBr, and NH^Br, or with ammoniacal [2] 14, 442). From thymol (100 g.) and PjOj 
ZnCl, and KH4CI, are converted into the corre- (40 g.); propylene being given off; the resulting 
spending toloidines and di-tolyl-amines in vari- tn-tolyl-phosphorio acid being fused with KOH. 
able proportion (Merz a. MUller, B. 20, 544). 1 The yield is 51 p.o. (Staedel, A. 217« 46; cf, 

Azo- compounds of the three cresols.—p-Cresol Engelhardt a. Latschinoff, Z. 1869, 621; South- 
combines with diazo- compounds as easily as ' worth, A, 168, 208; Tiemunn a. Schotten, B. 11, 
phenols not substituted in the p-position, the 709). Formed alsobydistilUngm-oxy-uvitic acid 


diazo- residue entering the o-posltion to the OH. 
Disazo- compounds of p-cresol cannot be ob¬ 
tained. In the azo- compounds of o- and 
rn-cresol the diazo- residue takes the p- position 
to the OH. Both readily yield disazo- compounds, 
in udiich the two azo- residuesstand in thep- and 
o- position to the hydroxyl, and hence are ineta to 
each other. 0- and m-Cresol readily give nitroso- 
derivatives, but p-cresol does not (Nolting a. 
Kobn, B 17, 851). 

o-Cresol C^4Me(OH)[2:13. [30®]. (190*8®). 
B.G. 1*0053; g 1*0578. OE. (0®-10®) *00072 
/^ette, A, 243, 37). H. F. 50,992 (liquid); 
—8250 (solid) (Stohmann, J.pr. [2] 84, 811). 

Formation. —1. By fusing toluene o-sulphonio 
< ,/hidd with KOH (Engelhardt a. Latschinoff, Z. 
1^9, 620).—2. From o-toluidine.—3. By distil- 
1^ (1,2, a)-oky-tolaio acidp with lime.—4. By 
heating oarvacrol with P^Oa, and fusing the re- 
' suiting o-tolyl phosphate with EOH (KeknU, B. 
7, io<%).—5. By treating camphor with ZnOL 
(Beuter, B. 16,624). 

» Properfies.—Orystalline. Converted by potash- 
frision into salicylic acid. EClO, and HOI give 
di- and tzi- ehlorotolaquinone (Southworth, A. 
168,278). Br gives C,H^r,Me(OH) [67®j (Wer- 
ner, Bl. [2] 46, 278). Excess of Br gives 
0^r,(OBr). 

» Salt—(G«HAlfeO)aA}. From o-cresol, Al, and 
a little iodine (Gladstone a. Tribe, C. J. 49, 26). 
Bla^ vitreous mass, forming a dark-green solu¬ 
tion ^ benzene, deoomjrased by water and by 
aloohoL On distillation it yields di-o-tolyl oxide 
(0«HAMe),0 (0.275®), o-cresol, and a compouna 
Oi^hO, crystallising in colourless plates. 

Benzoyl derivative O^^OBz. Oil. 

Methyl ether 0,H,Me(0Me). (171*3®). 

S.O. g *9957. 8.V. 1461. C.E. (O’^-IO®) *00084 
(Pinette, A. 248,87 } cf. JOnm, Z, [2] 4, 827). 


with lime (Oppenheim a. Pfaff, B. 8, 88G), and 
by distilling aluminium thymol (Gladstone a. 
Tribe, C. J. 41,12). Formed also by the action 
of dry oxygen upon toluene in presence of 
AljCl, (Friedel a. Crafts, A. Ch. [6] 14, 436). 

Properties. —Liquid. Can 1^ solidified by 
throwing a crystal of phenol into the liquid 
cooled in a freezing-mixture (Staedel, B. 18, 
.3443). Its aqueous solution is coloured bluish- 
violet by FCjCIa. Fusion with KOH^gives m-oxy- 
benzoic acid. HCl and KCIO, from di-ehlcro- 
toluquinone Br (3 mols.) gives C„HBr,Mc(OH) 
[82^J; excess of Br forms C,HBraiVtc(OBr) 
which liberates iodine from K1 (Werner, Bl, [2] 
46, 276). 

Benzoyl derivative C,H,OBz, [38®]. 
(0. 295®). 

Methyl ether C,H,Me.(OMe). (177*2®) 
S.G. g *9801. S.V. 147*45. C.E. (0-10®) *00092 
(Pinette. A. 243, 40). H.P.p. 39,748 (C,0,«94; 
11^,0 69) (Stohmann, J. pr. [2] 36, 24). 

Ethyl ether C^H^UeiOTA). (192®). S.G. 
g*966. S.V.172. C.E. (0®-10®) *0009 (Pinette. 
A. 243,41). From m-diazo-toluene sulpbate and 
alcohol (J^msen a. Omdorff, Am. 9, 894). 

Propyl ether CJi,hle{0^). (210*6®). S.G. 


Heptyl ether (288*2®). 

S.G. g *9202. S.V. 296*7. C.B.t6*-10®) *00084. 

Octyl ether CAHAMe(00,H„). (298*9®). 
S.G. S *9194. S.V. 821*95. OJB. (OMO®) *00086 
(Pinette, A. 248,43). 

Benzyl ether v, vol. i. p. 490. 
m-Oresyl ether t).Di-wi-yonTL oxxni. 
p-Crwol OAHAMe{OH). [86®]. (201*8®). 8.0. 
*9962; g 1*0522. aV. 123*45. O.E. (0®-!^ 
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•00086 (Pinette* i. 243,43). H.F. 61,100 (solid); 
—2469 (liquid) (Stohmaun, J.pr.l2] 34, 311). 

Occwrenee.^ln coal-tar (H. Buff, B. 4, 378). 
As p-tolyl sulphuric acid in urine of horses, of 
cows, and sometimes of men (Brieger, if. 4, 
204). 

Formation. —1. By fusing its sulphonate with 
KOH (Wurtz, A. 144, 121; 166, 268). If the 
mixture of sulphonio acids of crude cresol is 
treated with excess of baryta, basic barium 71- 
oresol-sulphonate is ppd. (Armstrong a. Field, 

G. N. 29, 282; Baumann, H. 6,185).—2. Prom 
p-toluidine.—3. Q<^ by putrefaction of ox-brain 
at 40® {F. StSckly, J.pr. [2] 24,17). Found also 
among the products of putrefaction of horses’ 
liver, tyrosine, p-o«y-phenyl-acetic acid, andp- 
oxy-phenyl-propionio acid (Baumann a. Brieger, 
S. 8, 149; 4, 304; Weyl, H. 3, 312).—4. To¬ 
gether with carpene by the dry dislillation of 
podocarpio acid oritaCa Bait(Oudemana, ^4.170, 
259)^6. By heating p-oxy-phenyl-acetio acid 
with CaO (Salkow^i, B. 12,1440). 

Preparation.—From p-toluidine by diazoti- 
sation in presence of excess of 

Properties. —Prisms. Its aqueous solution is 
coloured blue by Fe^Cl,,, Potash-fusion converts 
it into jp-oxy-bonzoic acid. HCl and IvClOj give 
no chlorinated toluquinone (Sonthworlh, A. 1G8, 

271) . Br (2 mola.) gives a pp. of C„H Br.jMe(OH) 
[49°], but a larger quantity of Br (3 mols.) gives 
C^4lr3Me(OBr), while a large cxcesa forms 
C*ILBr,(OH) (Werner, Bl [2] 46. 278). Chloral 
forms OjEgOC^HCljO [52®-56®] (Mazzara, 0. 13, 

272) . 

Salt.—(OgH,MeO)jAl. On distillation it 
gives a small quantity of di-p-tolyl oxide and a 
ketone 0,sH,,0 [168°] (307®). S. (alcohol) ‘4 at 
20®; 2-5 at 78®. S. (benzene) 3*3 at 21®. V.D. 
209*1 (Gladstone, C. J. 41, 8). 

Acetyl derivative C,H,OAc. (c. 210°). 
Oil (Fuchs, B. 2, 62G). 

Bcmoyl derivative C,H,OBz. (70'6®]. 

H. y. 69,010 ^Stohmann, J. pr. [2] 36, 8; cf. 
Ouaresebi, A. 171,142). 

Laurylderivative 0,11,0.0,.11,^0. [28®]. 
(220®) at 16 mm. (Kraft a. Biirgcr, B. 17,1378). 

Myristyl derivative C-H^O.Ci^HjjO. 
[39®]. (240®) at 15 mm. (K. a. B.). 

Palmityl derivative C,H,O.C,tHj,0. 
[47®]. (268®) at 15 mm. 

5 tearyl derivative 0 ,H,O.C,bH 3 jO. [54®]. 
(276®) at 16 mm. (K. a. B.). 

Methyl ether OeH^MeiOMe). (176®). S.G. 
1I-9868. 8.V. 147*7. C.E. (0-10®) *00084 (Pinotte, 
A. 243, 44; Korner, Bull. Acad. Belg. [2] 24, 
154). 

Ethyl ether C8H,Me(OEt). (189-9®). 
8.G. g *9662. S.V. 172-1.* C.E. (0®-10®) *00086 
(Pinette, A. 243, 44). H.F.p. 40,880 (Stohmann, 
J.]^. [2] 36, 24). Formed (llj^ p.o.), together 
wi& aldehyde and toluene (18 p.o.), by decom¬ 
posing p-diazo-toluone sulphate with alcohol 
(Hemsen a. Oni^orff, Am. 9, 394). HNO* (S.G. 
1*6) converts it into di-nitro-p-cresol [84°] and 
its ether [75°] (Staedel, B. 14, 898). K,Cr,0, 
and HOAo form [4:1] C,H,(OEt)COjH. 

Ethylene ether (C,H4MeO)X„H.. [136®]. 
(297®) (Fuchs, B. 2,621). 

Propyl ether C«H,Me(OPr). (210*4®). 
S.G. g -9497. S.V. 196. O.E. (O'^-IO®) -00089 
(Pinette, A. 243,46). 

VoL. n. 


Butyl ether C,H,Me(OC,H,). (229-6®). 
S.G. « -9419. S.Y. 220-8, C.E. (0®-10®) *00092. 

Ileptyl ether CflH,Me(OC,H,j). (283-3®). 
S.G. 2 •0228. 8.V. 297*7. C.E. (0®-10°) *0009. 

Octyl ether C„H,Me(OC„H„). (298®). 
S.G. g *9199. S.V. 322-4. C.E. (0®-10®) 00088. 

Benzyl ether v. vol. i. p. 490. 

NitrO’benzyl ether v. p-ToLtL miibo* 

BENZYL OXIDE. 

^Cresyl ether v. Di-p-toltl oxxdb. 

Borivatives of cresola v. Amido-chesol, 
BroMO-CRESOL, CHLORO-Cr.ESOL, IODO-CRE8OL, Ni» 
TBO-CREBOL. 

CRESOL DICARBOXYLIC ACIDS v. Oxy- 
uviTic, OxY-srETHYL-iso-puTHALio, and OXT- 
METUYL-TEREPIITHALIC ACIDS. 

0-CRESOL-PHTHALElN 

{C.H>IeOH),C<;‘^'j^'>CO. [214=]. 

Preparatim .—By heating o-crcsol (2 pts.), 
phthalic anhydride (3 pts.), and stannic chloride 
(2 pts.) at 120°-125®. From the fused mass thus 
obtained the undecomposed cresol is separated 
by stoam-distillitlon; and the phthalem is 
pm ilied by recrystalHsation from alcohol (Baeyer 
a. Frando, A. 20*2, 153). 

Properties.—Fleah-ied crystals, v. sol.alcohol 
and otlior, ni. sol. hot water; sol. caustic alkalis 
with violet colouration, showing a broad abaorp* 
tion band in the red. 

Peai.tions.-~l. With bromine it forms a di- 
broino-dorivative together with a bromo-oxy-to- 
luyl-bonzoic acid CO,n.C,H,.CO.C,H,MeBr(OH) 
[2-2S‘^].—2. With nitric acid it gives a di-nitro- 
derivative.---3. iJinc-ditsf forms the correspond* 
ing phtlmlin.—4. Phthalic anhydride and cone, 
sulphuric acid give oxy-methyl-antliraquinone. 

Di-acclyl derivative C„H,.Ac.^O^. [75®]: 
white amorphous mass. 

Di-.benzoyl derivative C^oHj^Bz-^Oi* 
[19G®j, 

Di•bromo^derivat^veCJ^y^'B^.fi^. [265®]. 
Crystalline. Sol. alkalis with blue, and incono. 
sulpimnc acid with rose-red, colouration. Con¬ 
verted by phtlialic anhydride and sulphuric acid 
to bromo-oxy-methyl-antliraquinone. 

Di-nitro- derivative 022H,g(NOj)jO4 
[248®]: yellow crystals. Sol. Na.^CO,Aq with 
red-brown colouration. 

o-Cresol-phthalin C.f-HjnO^ i.e.' 

[218®], Prepared 
by reduction of o-crosol phthalcin with zinc-dust 
and KOH (Fraude, A. 202, 1G8; B. 12, 243). 
Small concentrically grouped needles; sol. water- 
ami alcohol, slowly oxidised to o-creaol-phthalein 
by exposure to air. By the action of HjSOi it 
gives o-crcsol phthalidin. 

Di-aeetyl derivativeC.^'B.^s^LO.fi^. [139®], 
Crystalline powder. So), acetone. Converted 
by cone. II^SO^ into the plitlialidin. 

Di-bromo-derivative CjjH, jBrjO^. [236®], 

7)-Crc8ol-phihalem anhydride Ae. 

7)-creaol, phthalic anhydride and H3SO4 at ICO®. 
Excess of p-orcEol is removed by steam, and the 
residue washed with boiling dilute KHO (Di-ew- 
sen, A. 212, 340). Plates or prisms (from alco¬ 
hol). Sol. alcohol, ether, and benzene; t. sol. 
GBCI3; insol. ligroin, EHO and weak acids. 
^uc.H3S04gives a green duorescenoe. Sublimei 
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unchanged. Bedneed by ainO'dast and AoOH 
to the phthalin anhydride. Fused with KHO it 
yields di-oxy-di-znethyl benzophenone. [105®]. 
Heating with oono. H.^S04 yields methyl-eryi/wo- 
oxy-authraquinone. 

jp-Cresol phthalin anhydride CyBigOs t.e. 
0<°‘gj“°>CH.C.H..CO,H. [210“].' From 

the preceding by reduction with zinc-dust and 
AcOH; crystallises from CHCI3. V. sol. alcohol, 
benzene, ether, and acetic acid. Sol. cone. 

forming a brown solution (Drewsen, A. 
212.340). 

o-CEESOL SBLPHONIC ACID C.H,SO, i.e. 
C4H,Me(OH)(SO,H) [1:2:4]. From o-toluidine 
sulphonio acid by displacing NH, by OH through 
the diazO' reaction (Hayduck, A. 172, 204 ; 174, 
345). Formed also in small quantity by suU 
phonating o-cresol in the cold. At high tem¬ 
peratures it is the only product bf this sulpho- 
nation (Engelhardt a. LatschinofF, 2. 1800, 
621; Hantke, B. 20,3209). Does not crystallise. 
Potash-fusion converts it into salicylic acid, to¬ 
gether with small quantitiesuof (l,2,4)-di-oxy- 
benzoic acid. 

Salts.—BaA'jl^aq: extremely soluble ag¬ 
gregates of monoclinic prisms (Hayduck). — 
BaA'^aq(F.a.L.).—BaA'j: amorphous (Hantke). 
—KA' |aq: short needles (from dilute alcohol). 

Methyl derivative 

OeH,Me(OMe) (SOjH). Formed by boiling o-diazo- 
toluene sulphonio acid with MeOH. Syrup.— 
BaA2 2aq: small lamina. 

Ethyl derivative CaH3Me(0Et)S03H. 
Formed by boiling p-diazo-toluene sulphonio 
acid with alcohol (Paysan, A. 221, 214, 303; 
Hayduck, A. 172, 215).—KA'aq.—BaA'.3 2aq (P.). 
—BaA',3aq (H.).—PbA^jBaq. The amide 
C4H,Mc(OEt).S02NHj crystaUiaes in laminis 
[137®]; the chloride is an oil. 

c-Cresol snlphonic acid C4HjMe(0n).S0gH 
[1:2:5]. From the corresponding toluidine sul¬ 
phonio acid by boiling the diazo- salt with water 
(NevUe a. Winther, C. J. 37, 631). The chief 
product of the sulphonation of o-cresol in the 
cold (Hantke, B. 20, 3209). Very deliquescent 
needles. 

Beaclions. —1. At 140® it is split up by water 
Into o-cresol and H^SO,.—2. HNO, (1 part) with 
water f2 or 3 parts) converts it into di-nitro- 
o-cresol, [86®].-^. Potash-iusion gives salicylic 
acid and very small quantities of a di-oxy-ben¬ 
zoic acid which is turned blue by Fe2Cl4. 

Salts.—BaA',2^aq (Gerver, A. 169, 386). 
Needles (from dilute ^cohol). Gives a violet 
colour with FeXl,.—BaA',: large sparingly 
soluble plates (Hantke).—KA': very soluble 
pearly plates (H.). — CuA'25aq: tables. — 
PbA',24aq (G.). Small needles. 

Ethyl derivative 04H,M€(0Et)(S0,H) 
p:2:6^.—From C,H,Me^H2)SOjH, by heating 
its dUzo* derivative with alc&hoi (Foth, A. 230, 
306).—BaA',4aq. 

wi-Cretol sulphonio arid C4H,M6(0E)(B0,H) 
[1:3:6]. [118®! From w-cresol and HjS04 at 
110® (clans a. Krauss, B. 20, 8089; cf. Engel¬ 
hardt a< LatschinofF, 2, 1809, 622; Nolting a. 
Salis, B. 16,1862). Plates (containing 2aq) [76®] 
(from dilute H^SO*) or (containing IJaq) [96®] 
(from oono. H3SO4). v. sol. watbr, alcohol, 
ether, and benzene. Gives a violet colour with 


FeaClg. CrO, gives toluqninone.—KA'Siaqj 
stellate group of needles with fatty lustre.—. 
CuA'jSaq: tmts of pale-green prisms.—BaA'jaq: 
nodules.—BaC,H.S0^2aq. 

^>Cre8ol sttlphonic acid C4HaMe(OH)(SO,H) 
[1:4:2]. [183®]. From p-toluidine sulphonio 
acid by the diazo- reaction (Jenssen, A. 172,237). 
Long needles (containing 6aq) [99®]. V. sol, 
water, alcohol, and ether. Hydrolysed by passing 
steam through its solution in dilute H^SO^ boil., 
ing above 120® (Armstrong a. Miller, G. J. 45, 
14H). .-BaA'_.: amorphous, v. e. sol. water. Its 
solution is coloured violet bxFe^Cl,,. 

Methijl derivative T,.H,Me(OMe)S03H. 
From the diazo- derivative of toluidine sul- 
phiuio acid by gently warming with methyl 
alcoliol (Limpricht a. Hoffter, A. 221, 352). Its 
amide crystallises in prisms [150°]; itschlor- 
ide is an oil.—J5aAV—IvA'. 

Ethyl derivative CrfHjMe{OEt)(S03H). 
Prepared as above, using ethyl a^ohol. 
Formed also by warming diazo-toluene sul- 
phonic acid with alcohol (ilemsen a. Palmer, 
Am. 8, 245).—BaA'.^3\aq.—KA'. The amide 
CJ£3Mc(OEt)SO,NH, [136®] (L. a. H.) ; [144°] 
(It. a. P.) crystallises in needles. The chloride 
is an oil. 

^j-Cresol sulphonio acid C4H,Me(0H){S0,H) 
[l:4:3j. From 2>-cresol and fuming H2SO4. Also 
from the corresponding p-toluidine sulphonio 
acid by the diazo- reaction (Engelhardt a. Lat- 
schinolT, 2. 1809, 619; Pechmann, A. 173,203), 
Syrup. FeXl, colours its solution blue. Potash, 
fusion gives 2^*<^xy*benzoio acid. — KA'2aq: 
laminie.—BaA'..: tables. S. 7 at 17® (Baumann, 
H. 4, 313).-BaC,H,SO,2aq. V. si. sol. water.— 
PbA'^Saq.—PbA'^l^aq : laminre (from alcohol). 

Cresol sulphonlc acid C.,HjMe(OH)(S04H) 
[l:?2:x]. Formed by fusing toluene di-sulphonic 
acid with KOH (Brunner, Site. W. [2] 78, 666). 
Featliery groups of crvstala (containing ^aq at 
100°) [81®]. Hygroscopic. V. sol. alcohol and 
ether.—NaA'^'^aq.—KA'2aq: prisCis [c. 228^.— 
BaA'^aq. Its solution is turned blue by Fe^C^— 
CaA'jl.Uq.—PbA'j3aq.—CuA'jSaq.—ZnA'jlO^aq. 

Cresol sulphonio acids have been obtained 
by sulphonating cresols by Duclos (,4.109,138), 
and by Armstrong a. Field (B. 6, 974), but not 
sufTicicntly characterised. 

j7-Crosol(?xo-Bulphonic acid 
C,H4(0H).CH.4S0,H [1:4]. From 
C«H4(NH.4).CH2 SOsH by diazo- reaction (Mohr, 
A. 221, 221). Deliquescent needles; v. soL 
alcohol. The aqueous solutionis turned bluish- 
violet by Fe^Cl,.—KA^^aq.—BaA'j7^aq. 

Ethyl derivative C4H4(OEt).CH3.SOgH. 
Prepared by decomposing the aiazo- derivative 
of G4H4(NH2).CH3.SO(,Hby boiling with alcohol. 
— BaA'3 2aq.. 

o-Cre8oldi8ttlphonioacidCaH2Me(OH)(SO,H)| 
[1:2:3:5]. From o-toluidine disulphonic acid by 
diazo- reaction (Limpricht, B. 18, 2176; jL 
llasse, A. 230,293). Tables oi!^oedles. V. sol 
water and alcohol.—Ej^^l^aq: very solubh 
needles.—BaA" 8]aq: small needles. 

Ethyl derivetive C4H2M6(0Et)(S0|H)| 
From the diazo- derivative of o-toiuidine disul* 
phonic acid by boiling with alcohol under an 
extra pressure of 400 mm.— BaA'^2^aq. 

tn-Cresol disulphonic acid 
C4B2Me(OH)(SO,H)2. Fromm-cresol (l pt,)and 
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B, S04 {5 pts.) at 130° (Clans a. Erauss, B. 20, 
8089). V. sol. wator and alcohol, m. sol. ether 
and benzene.—KA' 3aq: plates.—BaA'j^aq. 

p.Cresol disnlphonio acid 

C, H2Me(OH)(SO,H), [l:4:3:2or6]. Fromp-tolni. 
dine di*sulpbonio acid by diazo- reaction (Lim* 
pricbt. B. 18, 2178; E. Bichter, A, 230, 322). 
Needles. V. e. sol. water and alcohol.—BaA" 4aq; 
needles.—KjA" ^aq ?: tables.—PbA" 3aq; y. sol. 
water. 

j^.Cresol disnlphonio acid 
C„H.;Me(OH)(SOgHk [1:4:3:5]. From j>*ore8ol 
Bulphonio acid ana fuming HgSO^ (Engelbardt 
a. Latschinofl, Z. 1869, 620).—KjA^Saq: crys¬ 
tals, V. e. sol. watbr.—BaA"2iaq: needles, si. 
sol. water. 

m-Cresol trisnlphonic acid 
C«HMe(0H)(S08H),. From m-cresol, fuming 
HjSO^, and PjOg at 180° (Claus a. Krauss, B. 20, 
3089)i The Ba salt is v. sol. water. 

CHESOBCEIIIft ACID v. (5;3:2:1).Di.oxy-0‘ 

lOLDIC ACID. 

CRESORCIN V. Di-oxt-toluene. 

CRESORCIN-CARBOXYLIC ACID v. Di-oxy- 

TOLUIC AOID. 

CRESOTIC ACID v. Oxy-toluic acid. 

CRESS OIL. The volatile oil of garden-cress 
{Lepidium sativum) consists to the extent of 76 
p.c. of phenyl-acetomtrilo (benzyl cyanide) (Hof¬ 
mann, B. 7, 1293). The volatile oil of water¬ 
cress {NastJirtiumojfficinalis) consists of phenyl- 
propionitrile (Hofmann, B. 7, 520). 

CRESTL COMPOUNDS v. Tolyl compounds. 

GBOGETIN Formed by the action 

of dilute acids on crocin, a sugar (crocose) being 
the correlative product (Kayser, D. 17, 2231). 
Hod powder. V. sol. alcohol and ether, nearly 
insol. water. Dissolves in alkalis with a yellow 
colour. Like crocin it dissolves in H^SO^ with 
a blue colour, which slowly becomes violet, red, 
and finally ^rown. Stulls mordanted with 
stannous chloride acquire, by boiling in a solu¬ 
tion of orocetin (from Gardenia), a dingy greenish- 
yellow colour, which by treatment with ammoni- 
acal water is converted into a brilliant yellow 
colour, unaltered by light and air. The yellow 
robes of the Chinese mandarins are dyed with 
the fruit of the Oardenm. 

CROCIN {the colouring matter of saffron) 
Appears to be identical with the 
colouring matter of Chinese yellow pods (Gar¬ 
denia grandiflora) (Rochleder, J. pr. 66, 68). 
Yellow powder. V. sol. water and dilute alcohol, 
si. sol. absolute alcohol, nearly insol. ether. 

Preparation. —The saffron, which has been 
previously extracted with ether, is soaked in cold 
water, the colouring-matter is remqved from the 
aqueous solution by animal charcoal, and after 
drying is extracted from the charcoal by means 
of 90 p.c. alcohol. 

Reactions.-^ dissolves in H-^SOg with a deep 
blue colour, which gradually becomes violet, then 
ii*d, and finally brown. HNO, also produces a 
blue colouration, which almost instantaneously 
parses into brown. By dilute acids it is split up 
into crocetin Cj.H^O. and a sugar (crocose) 
C.H„0, (Kayser, B. 17, 2228). 

CROCONAMIO AOID OaH^NOg i.e, 
C.O,(OH)(NH,),ormoreprobablyOaO,(NH){OH),. 
Imido’cncomc acid.—Tlie ammouam salt if 


fomed by heating the di-anilide of croconia 
acid with aqueous NH,. Mono-basic acid. 

Salt 8.—A'NH,: red prisms with bluish reflex. 
A'Ag iraq: yellow needles.—A'jBs 3aq: sparingly 
soluble small yellow needles.—BaO,HNO,4aq: 
sparin^y soluble yellow plates (Nietzki a. 
Benckiser, B. 19, 773; 21,1856). 

CSOCONIO ACID OjHjO, or 



Formation. —1. From the black-residues ob¬ 
tained in the preparation of potassium by Brun¬ 
ner’s method (Gmelin, P. 4, 87; A. 37, 68; 
Liebig, A. 11,182; P. 33,90; Heller, J. pr. 12, 
230; A. 24, 1; 34, 232; Will, A. 118, 177). 
When CO is passed over melted potassium and 
the product i| treated with water, a red salt, 
potassium rhodizonate, is formed. A so¬ 
lution of this salt changes on standing exposed 
to air to potassium oroconate. Excess of alkali 
converts rhodizonic acid into croconio acid dihy. 
dride, which appears to be an intermediate body 
in the formation of croconio acid from rhodi- 
zonio acid (Nietzki, B. 20,1617).—2. By heating 
benzene-tri-quinone C„Og to 100°, or by boiling 
it with water, CO.^ being evolved.—3. By exposing 
an alkaline solution of tetra-oxy-quinone 
C«(0H),02 to the air, oxalic acid being formed 
simultaneously.—4. By evaporating hexa-oxy- 
benzene Oe(OH)4 with dilute KOH in an open 
dish (Nietzki a. Benckiser, B. 18, 509). 

Preparation. —By boiling the hydrochloride 
of diamidotetraoxybenzene Cb(NH 2 )j(OH )4 (1 pt.) 
with KjCO, (4 pts.) precipitated MnO, (8 pts.) 
and water (60 pts.) for \ hour; on adding BaCI, 
to the filtrate acidified with HGl the sparingly 
soluble barium oroconate separates in golden- 
yellow plates; the yield is 70 p.o. of the theore¬ 
tical (Nietzki a. Benckiser, B. 19,293). 

Prqpcrfifis.—Sulphur-yellow plates or graius 
(containing 3aq). V. sol. water, sol. dilute alco¬ 
hol. Di-basio acid. Forms a sparingly soluble 
red crystalline anilide. Heated with NiBlt 11^ 
gives tne tri-imide of leuoonio acid. With by- 
droxylamine it gives the penta-oxim of leueonio 
acid 04 (NOH)j. By HjS it is converted into 
tbio-oroconio acid C5H,04S. It is reduced by 
SnCl], SO4, or zinc-^ust to the colourless hydro- 
croconio acid which is readily reoxidised 
to orooonio acid. By heating potassium oro¬ 
conate with HI it is reduced to * croconic-aoid- 
hydride* (O,o^0,9?), whose salts are deep 
coloured; by further reduction it gives a colour¬ 
less substance which is readily reoxidised to 
the hydride. Croconio acid is oxidised by HNO^ 
to leuoonio acid GjOj. 

Salts.—KjA": long dark-yellow needles (N. 
a. B.).—KjA"2aq: orange needles (G.).—HKA"; 
brownish-yellojr needles with violet reflex.— 
NaKA"a;aq: yellow rhombic plates, become red 
on drying.—CaA"8a(i: yellow powder (W.).— 
BaA"lJaq: lemon-yellow powder, insol. water, 
V, si. sol. HClAq.—PbA"2aq: lemon-pUow pp., 
insol. water. — OuA" 3aq: sparinglv soluble 
orange needles with blue reflex.—AgaA"?" orange 
pp. 

Aniline salt A"(NH,Ph)3! yellow plates, 
m. sol. water. 

Di-anilide Oj(HO)80(NPh),; slender red 
needlM. Formed by heating the aiuline salt with 

<v8 
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ftloohol. V. si. sol. all solyentfi but aniline. Die* 
solves in aqueous alkalis, and on heating the 
solution oroconio acid and aniline are regene* 
rated. Heated with aqueous NH, it is converted 
into croconamio acid 0|^H,N04 (Nietzki a. 
Benckiser, B. 19,772). ' 

Mono-phenylhydrazide 
C4(0H),0,{N2HPh): [above 300®]; yellow 
needles; v. sol. alcohol, insol. water. Di-basic 
acid.—KjA": nearly black coppery needles, v. 
sol. water with a brown colour. 

Tolylene^o^diamide V . Cboconic- w-i old* 
QUmoXALTNE. 

* Croconic>acid-hydrid6 * or C,4H^O,o 

/C{OH).CO 

is. CH{OH)< 1 I (?). The*liydrocroconic 
\C{OH).CO 

acid ' of Lerch (A. 124,20). Formed by heating 
potassium croconate with HI. Its salts are dark- 
coloured. By further reduction it is convened 
into a colourless substance, which is readily 
reoxidised to the hydride.-—CjH.^OjBa2aq or 
C,oH,0,*Baj 4aq: deep orange prystalline powder 
or amorphous flocculent pp.—PbC^HjOji red 
pp. (Nietzki a. Benckiser, B. 19, 207). 
CROCONIC-TOLUQUIWOXAIINE 

i. 0 . I ^CjO(OH)j. Croconic-acid'tolylenc- 

O’diamide. Formed by mixing a cold aqueous 
solution of croconic acid with a salt of tolylene- 
o-diamine. Fine needles, with green reflex. Sol. 
alcohol with a brown colour, insol. water. Di¬ 
basic acid. — A"E,: black metallic needles 
(Nietzki a. Benckiser, B. 19, 776). 

CROCOSE {saj^ron-suyar) C,,H,20«. Trimetric 
crystals. Sweet taste. Dextrorotatory. Its 
reducing power is half that of dextrose. Formed, 
together with crocetin, by the action of dilute 
acids on crocin (Eayser, B. 17, 2232; cf. lioch* 
leder a. Mayer, J. 1858, 476; Sitz. W. 29, 3). 

CBOSSOPTERINE. An amorphous alkaloid 
in the bark of Crossopteriz Kotschyana (Hesse, 

B. 11,1646). 

CR0TAC05IC ACID C,H,(C0.2H)2. [119®]. 

Solidifies at 90®. From cyano-crotonic acid 
which changes spontaneously into acid arnmonio 
arotaoonate (Claus, A, 191, 74; B, 10, 822). 

Properties. —Crystals, fiol. water, alcohol, 
and ether. At 140® it dt^composcs, giving off 
COj (difference from itaconic, citraconic, Ac.). 
Combines with HBr forming an acid 

C, H*Br(CO^), [141°]. 

Salts.—(NH4)HA"_KHA" 

—PbA".-Ag,A". 

Dimethyl ether S.G. ^1*14. Sol. 

alcohol and ether. 

Isomerklei: Cxtbaconio, IxAcomc, Mesa* 

CONIC, and ETHtniDENE-UALONZC, ACtLS. 

CROTONIC ACID i.e. 

CH,.CH:CH.COjH. Mol. w.. Sff. [72®], (185® 
cor.). S. 8 at 19®. 35-71 in a 412 p.c. 

aqueous solution (Kanonnikoff). 

Occwrence.^-ixi crude wood vinegar (Kramer ! 
a. Grodzki, B. 11, 1859). Its name is derived ' 
from croton oil, from which it was erroneodsly 
supposed to be formed by saponification (Pelletier I 
a. Oaventou, J. PA. 4, 289; 11, 110; Schlippe, ; 
A. 106, 1; Geather, Z. [2] 6, 270). 

Preparation.— By oxidation of crotonio ! 
/from acetic aldehyde) in the air or | 


' by moist AggO (Kekul4, B. 3, 604; Z. [3] 6, 
705).—2. From allyl cyanide {v, vol. i. p. 136) 
obtained from mustard oil (Will a. Kbrner, A. 
126, 273).—8. By distillation of (i8)*oxy-butyrio 
acid (Wislioenus, Z. 1869, 325).—4. By boiling 
a-bromo-butyric ether with alcoholic KOH (Hell 
a. Lauber, B. 7, 660).—6. From isocrotoiiic acid 
by intramolecular change brought about by hoat* 
ing to 176® (Hemilian, A. 174, 322).—6. From 
malonio acid (1 mol), paraldehyde (1 mol), and 
excess of glacial acetic acid at 100® (Komnenos, 
A. 210,149). The yield is good (50 p.c.).—7. By 
heating pyruvic acid (1 pt.f with ACgO (6 pts.) 
and NaOAo (6 pts.) at 170® (Homolka, B. 18, 
987).—8. By reduction of<, aceto-acetio ether 
with sodium-araalgam (Beilstein a. Wiegand, B. 
13, 482). 

Properties.—Trimetrioplates (bysublimation) 
or monocUnio crystals (from water); a:6:c 
= 1:1*8065:1-6125; M.solhotligroin. 

Reactions.—1. Potash-fusion forms^only 
acetic acid.—2. Not reduced to butyric acid by 
sodium amalgam (Kdrner, J. 1806, 818; A. 137, 
2:53 ; cf. Bulk, A. 139, 62).—3. Br gives oiS-di* 
bromo-butyric acid.—4. Cone. HBr at 100® gives 
a- and a little 8* bromo-butyric acid.—6. HOCl 
gives chloro-oxy-butyrio acid.—6. Cone. HNO^ 
gives acetic and oxalic acids.—7. Chromic acid 
mixture gives aldehyde and acetic acid (Kekuld, 
A. 162, 315).—8. Aqueous ammonia forms 
o-amido-butyric acid (Engel, C. R. 106,1677). 

Salts.—KA': deliquescent needles.—KHA',; 
plates (from alcohol) (Pinner, B. 17, 2008).— 
NaA'. S. (alcohol) 1*4 at 14®.—BaA',: easily 
soluble plates.—CaA',: v. sol cold, si. sol hot, 
water (Beilstein a. Wiegand, B. 18, 482). — 
PbA',: stellate groups of needles.—ZnA'a 2aq 
(Alberti, B. 9,1194).—AgA': curdy pp. 

Methyl etherMoh!. (121®). S.G.4-9806. 
Mo 1*4138 (Eahibaum, B. 12,344). 

Ethyl ether EiAf. (139° cor.). md’° 1‘424. 
Bo, 50-45(Bnihl,A.236, 8; B. 14.2798). S.G. 
n *9268; I? '9186. M.M. 7-589 at 24*4® (Pefkin, 
C. J. 45, 637). 

Amide. Syrup; v. sol. water (B.a. W.). A 
crystalline amide [o. 151®] w4s obtained by 
Pinner (B. 17, 2008) by exposing to the air 
the hydrochloride of 3*chloro-butyrimido-ether 
CH3.CHClCHj.C(OEt).NHaCl 

Ia>crotonic acid C4H,03 i.e. 
CH2:CH.CHg.CO,H (?). QuarUnylic acid. (172® 
cor.). S.G. 25 i*018. Occurs in crude wood 
vinegar (Grodzki a. Kramer, B. 11, 1359). 

Preparation. —Aceto-acetio ether is treated 
with PCI, and the product poured into water. 
The two chloro-crotonic acids formed are dis¬ 
tilled with steam, l^e chloro-iso-orotonio acid 
alone passes over. It is reduced by sodium 
amalgam, aifd the iso-crotonio acid i' extracted 
by ether. On evaporation this loaves iso-crotonio 
acid as a syrup. 

Properties. —Liquid, smeli^ like butyric 
acid; miscible with water. Ari75®it changes 
to the preceding isomeride (Hemilian, A. 174, 
322). 

Reactions.—1. Bromim acting on a solution 
of iso-orotonio acid dissolved in CS, produces the 
^bromide of ordinary solid crotonio acid (v. Di« 
BBouo-BDTYBic ACii)) (Eolbo, J. pT. [2] 26, 397).— 
2. Potash‘fuaion gives only acetic acid.—3. So¬ 
dium amalgam has no action. 
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Salts.—CaA',2aq: very soluble needles.— 
BaA'jSaq: small crystals, v. e. aol. water.— 
PbA'jaq. [68®].—AgA'. 

Ethyl ether l^tK, (136®). S.G.12‘927 
(Geuther, Z. 1871,243). 

Isomeride of crotonie aoid [19®]. 

181®). From vinaconio acid (q.v.) by distillation 
Roder, A. 227, 24). 

S a 118.—CaA', 6aq.—Ba A'j 2aq.—AgA'. 

Constitution, — From its formation, from 
CH.^:CH.CH(COtH)3 it should be vinyhacetio acid, 
ClL:CH.CH.^.CO.^H, a formula, attributed, with* 
out sulUoient reaso^, to isocrotonio acid. 

Another isomeride of crotonie aoid v. Meth* 

aCBVIilO ACID. • 

Dibromide of crotonie acid v. Di-beomo-buty- 

BIO ACID. 

Derivativei of crotonie acid v. Brouq-cboto* 
NIC ACIDS and Chloro-crotonic acids. 

CEOTONIC ALDEHYDE i.e. 

CH,.CH:CH.CHO. Mol. w. 70. (105®). S.G.2 
1*033. • , . V 

Formation. —1. By heating aldehyde •mth 
ZnCl,, and a little water to 100®, aldol being first 
formed; 2CH..CIiO = CH3.01I{0H).C[I,.CH0 ' 
aCHg.CH'.CH.CHO + H^O. Other dehydrating 
agents may be used (Liebon, A. Siippl. 1,117; 
Kckul6, ^.[2] 6,672 ; A. 102, 92; Bauer, A. 117, 
141; Lieben a. Zeisel, M. 1, 820). Hence it 
occurs in crude spirit (Kramer a. Pinner, IJ. 3, 
75).—2. By the distillation of aldol (Wurtz, C. 
R. 87, 45).—3. From vinyl bromide by succes¬ 
sive treatment with and water (Zeisel, A. 

191, 371).—4. From acetylene by successive 
treatment with H^SO* and water (Lagermarck a. 
Eltekoff, B. 10, 637). 

Preparation. —Paraldehyde (1 pt.), water 
(1 pt.), and cone. HCIAq (2 pts.) are kept at 25® 
for 5 days. The liquid is then neutralised with 
NajCOg, the ppd. dialdane is filtered off, and the 
filtrate extracted with ether. The ethereal ex¬ 
tract is distiHed under reduced pressure, and the 
crude aldol (Jpt.) (85® to 120® at 200 mm.) is split 
up into water and crotonie aldehyde (' pt.) by 
distillation under ordinary pressure (Newbury, 
C. R. 92,196; Am. 6,113). 

Properties. —Pungent liquid; m. sol. water. 
Oxidised in the air or by Ag.p to crotonie acid. 
It forms a crystalline combination with NaHSOj, 
m. sol. water, whence Na.2COa Joes not liberate 
the aldehyde (Lieben a. Zeisel, M. 1. 818). 

Reactions. —1. PClj gives di-chloro-butylene 
(126®).—2. By saturation with HCl in the cold 
it is converted into ^-chloro-butyric aldehyde 
[970]._8. Br gives oily a/3-di-bromo-butyric 
aldehyde (L. a. Z.).—4. Cl forms ajS-di-chloro* 
butyric aldehyde, and finely a^-di-chloro-butyryl 
chloride (Zeisel, M. 7, 3^).—5. Iron and acetic 
acid reduce it to butyric aldehyde/^ butenyl alco¬ 
hol, and n-butyl alcohol (L. a. Z.).—6. Ac^ 
gives the di*acelyl derivative of ciotonio orthal- 
debyde Cn3.CH:CH.CH(0Ac)a (205®-210®). S.G. 
^ 1*06 (Lagermarck a. Eltekoff, /. R. 11, 79).— 
7. Dilute HCl at 0® forms, by hydration, a little 
aldol, paraldol, and dialdi^e (Wurtz, 0. R. 97, 
1169).—8. Ammonia forms tri-crotonylene- 
amine At - 20® ammonia passed into 

an ethereal solution of the aldehyde forms 
CbH.,NjO (Combes, O.B. 96,1862).—9. Crotonie 
aldenyde (1 pt.) treated with aldehyde (2 ptsj 
and ZnCI, at 100® forms an aldehyde 0|EaO 


(172®) Kekul6, A. 162, 105).-10. By heating 
with HGN and saponifying the product penii- 
noio acid OH,:CH.CH;CH.C02H is formed 
(Lobry de Bruyn, Bl. [2] 42,169). 

Derivative CH,.CH:CH.OHCl(OEt). 
(134®). tFrom di-chloro-butylene and ^ooholic 
KOH (Kekul6, A. 162, 99). 

CEDTONITRILE v. Adlyl oyamidb. 

CBQTOK OIL. A fatty oil contained to the 
amount of 50 p.o.in the seeds of Croton TigUumt 
a euphorbiaceouB plant. It is purgative, and 
inflames the skin (Schlippe, A. 105,1; Mayer, 
N. Jahr.pr. Pharm. 10, MO; Geuther a. Fr6h- 
lich, Z. [2] 6, 26, 549). It contains glycerides 
of formic, acetic, isobutyric, isovaleric (isobutyl- 
formic) and tiglio acids (E. Schmidt a. J.Beren- 
des, A. 191, 94; B. 10, 835; Ar. Ph. [3] 13, 
213). The nature of the purgative principle has 
not been satisfactorily made out (Senior, Ph. 
[3] 14, 446; Robert, Chem. Zeit. 11, 416). 

CROTONYL ALCOHOL v. Butenyl alcohol, 
vol. i. p. 639. 

CROTONYLENE v. Butinbnb. 

TKI-CEOTOlrtLEKE-AMIKE 0|,H„N,. (o. 
190®) at 40 mm. Formed by heating aldol with 
excess of aqueous NH, at 160®; or from cro- 
tonic aldehyde and NHj at 100® (Wurtz, C. R. 
88,1154). Elllorescent prisms (containing 6aq); 
si. sol. cold water, v. sol. alcohol. HCl at 150® 
rcsinifics it. 

Salts.—Crystallise readily from aoid solu¬ 
tions.—B'3HC1: hexagonal prisms.—B'3HNO,: 
hexagonal prisms.—B'HjCljptClJ^— 
B'2H«Cl,(PtCI,)8.-B'H,Cl,AuCl,.— 
B'H3Cl,AnCl,2aq.—B'..H,Cls(AuCl,)j. 

CROTONYLEKE GLYCOL v. Ebythritb and 
Di-oxy-butylenb. 

CROTYL ALCOHOL v. Butenyl alcohol. 

CROTYLAMINE C,H,NHj. (75®-80®). Pre- 
pared by the action of alcoholic NH, on iso¬ 
butylene bromide. Liquid (Hofmann, B. 7, 
614; 12, 992).—{B'HCl)iPtCl4. Yellow scales. 

ISO-CEOTYL BROMIDE v. Bromo-butylbne. 

ISO-CEOTYL CHLORIDE V. Chlobo-isobutyl- 

BNE. 

CROTYL IODIDE v. Iodo-butylene. 

CROTYL THIOCARBIMIDE O^HjN.CS, 
(179®). From crotylamine (Hofmann, B. 7» 
610). Pungent liquid. 

CROTYL - THIO •BREA C,H,NH.CS.NH3. 
[85®]. From the preceding and NH,(H). Crys¬ 
talline. 

CRYPTIDINE C„H„N. (274®). A homo- 
logue of quinoline occurring in coal tar (Gre- 
ville Williams, Chem. Qaz. 1856, 283). 

Cryptidino C„II„N. (270®). Prepared by 
the dry distillation of xylidine-acrolein (Leeds, 
A. C. J. 6, 2). Reddish-yellow oil. Disagree- 
able odour. Bitter taste.-B'HCl: fine thin 
tabular crystals.--D'H^PtClj: fine yellow crys¬ 
tals. Sol. wa*er, insol. alcohol. 

CRYPTOPHANIC ACID CjH,NO,. An acid 
said to occur in normal human urine (Thudi- 
chum, C. J. 23, 116; 34, 81). The urine is 
Evaporated to one*fourth of its bulk and Fe^Ol^ 
added. The pp. contains the iron salts of 
oryptophanio, paraphanio, hippurio, and benzoic 
acids. It may be decomposed by baryta. Amor- 
nhous gum, v. e. sol. water.—PbA^'.—OaA''. 

^ CRYPTOPINE 0«H„NO.. [217®]. S. (aico- 
hoi) ‘08 (Smith). S.G. 1*86 (SohrMer B. 18, 
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1075). A base ocoorring in very small quantity 
In opinm (T. a. H. Smith, Ph. (2] 8,596,716; ' 
Hesse, A. Suppl. 8, 299 j A. 176, 200; Kauder, 
Ph. [8] 18,250). Ppd. by adding KaOH to the 
mother-liquor, from which codeine, narceine, 
tbebaine, and papaverine have been separated. 
Six-sidod prisma (from alcohol); when ireshly 
ppd. it is soluble in ether, but it slowly separates 
from the solution. SI. sol. boiling alcohol, v. si. 
sol. benzene and Ugroin, m. sol. chloroform. 
Dissolves in excess of EOHAq. Inactive to 
light. Cone, (impure) HjSOf gives a blue colour 
turned orange by ENO,. Fe^Gl, gives no colour. 
Not decomposed by HOI. 

Salt8.~~Separate from aqueous solution as 
jellies, but subsequently become crystalline.— 
BHCl 6aq: soft mass of crystals {from alcohol).— 
B'HCl 6aq. — B'jHjPtCl, 6aq. — B'jHjCrjO,.— 
S. -3 at 4aq. S. ’15 

at 10o.-B'CeH3(NO,),OH aq. 

Meoonate lOaq: si. sol. boiling 

water. 

Hitro-cryptopine G2,H2j,(NOj)NOj. [185®]. 
From cryptopine and HNO, (S'.G. 1’06) at 65®. 
Dark-yellow crystalline powder. Insol. water 
and EOHAq. Cone. H^SO^ dissolves it with 
blood-red colour.—B'HCl 3aq.-B',HjPtCl, lOaq. 
—B'HNO,.—-OxalatesB'jHjCp, 12aq. S.6’8at 
16® and B'E^CjOf 3aq. 

CSYSXALLIN v. Pboteids. 

CEYSXAtLISATlON.—The examination of 
a crystal and the determination of its form and 
properties may serve as a means of recognising 
and defining any given body. But besides this 
practical application, the examination may help 
to find an ansfver to the question : What is the 
connexion between the chemical constitution 
and the crystalline form of bodies 7 

The complete examination of the form and 
properties of a crystalline substance may de¬ 
mand a thorough knowledge of crystallography, 
and also skill in the use of complicated and 
cosily instruments; but a general imowledge of 
the principles of the subject, and of the use of 
a geological microscope, such as ought to be 
found in every laboratory, will very often enable 
the chemist approximately to determine the 
form of a substance, the identity or non-identity 
<Atwo sampled, or the homogeneous character of 
his preparations. The following account may 
serve as a general view of the subject, or as an 
introduction to a more complete study; it is 
necessarily incomplete, and for further details 
special books must be consulted, such as Groth’s 
PhysikaUsch^ Krystallographi$i current litera¬ 
ture being found in the Zeitschrift fUr KrystaU 
IcgraphM, and the different mineraiogical 
journals. 

A crystal may be described as a solid homo¬ 
geneous body bounded by plane ^aces that are 
arranged around the body in a certain regular 
manner, which is constant for each chemical 
compound. Neither the number of faces that 
bound a crystal, nor the shapes of these faces^ 
are constant and characteristic, since both 
may vary considerably with very slight altera¬ 
tions of external conditions at the time of 
crystallisation; but the regularity, or the sym¬ 
metry which sii the faces bear to each other, 
fiyd the in which the faces occur in 


groups or seta or is constant and 

characteristic. 

Single or Simple crystalline form.—Th&t all 
the faces of a crystal do not belong to the same 
form is often strikingly evident by a difference 
in colour, as in many of the platinocyanides, or 
in the condition of the faces, some of which are 
smooth and lustrous, while others are dull or 
streaked with numerous fine lines, or are rough 
with little pittings, or appear to be made up of 
numerous scales, and then show a pearly lustre; 
such differences are to be noticed on crystals of 
magnesium sulphate, quartZ|,8alt, alum, potas¬ 
sium ferrooyanide, potassium chlorate, gypsum, 
copper sulphate, Ao. The same fact is often 
also to be noticed in another way, viz. by the 
appearance of splits or cleavage planes that run 
parallel to certain faces but not to others, as in 
calcite and potassium ferrocyanide; often where 
such are not manifest the crystal may be easily 
split or cleaved parallel to certain faces bi4 not 
to others, as with gypsum, cf-ne sugar, magne¬ 
sium sulphate, Ac. Differences in the forms of 
the faces of crystals are often shown by the way in 
which the crystal during its growth has inclosed 
foreign substances, as babbies of liquid or gas, 
or fragments of solid substances that were sua- 
pended in the solution, viz. the inclosures are 
distributed in lines or planes parallel to certain 
edges or planes of the crystal, but not to others. 
In examining a crystal all such observations are 
of the greatest service, as they at once give a 
means of classifying the may-be numerous faces 
into their proper sets or forms. 

A crystal may be completely bounded by 
only one set of faces, e.g. a cube of rock salt; 
but there are several crystalline forms that are 
not capable of inclosing space, as the various 
prisms and pinacoids, or basal planes, and such 
forms necessarily never occur alone. The mlni- 
muni number of crystalline forms that may 
occur on a crystal is limited onl^^ by the con¬ 
dition that they must completely inclose the 
crystal; the maximum number is unlimited; 
but however many there may be, all are cor¬ 
related by an empirical law, known as the 
rationality of indices, and the symmetry of 
faces constituting each individual form is the 
same. 

This last statement, though strictly true, 
is apparently not so in several cases, as certain 
forms show externally a geometrical symmetry 
apparently other than that which belongs to 
their internal structure; thus both salt and iron 
pyrites crystals often exhibit no other form than 
the cube, and therefore are apparently possessed 
of the same kind and amount of symmetry, yet 
other forms that occus> in these two substances 
show that troct pyrites is really possessed of a 
lower degree of symmetry than sodium chloride 
(v. Hemihedral forms, p. 283). 

Symmetry of crystalline forms.—k solid 
figure may be symmetrical aoAht a point, or 
about a plane, or a number of planes. A 
solid figure is symmetrical about a point when 
any number of particles on the surface being 
joined to the central point by straight lines, 
these being produced to equal distances on the 
other side of the centre shall exactly coincide 
with a series of similar particles. This kind of 
symmetry only demands that to every face there 
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be a second and parallel one; it is only met 
with in the asymmetric (i.e. \rithoi|t symmetry) 
crystals, as, ior instance, copper sulphate and 
potassium anhydrochromate. 

A solid figure is symmetrical about a plane 
when from any number of particles on the sur* 
face perpendiculars being drawn to the plane 
and produced equal distances on the other side 
of the plane, the points so found shall exactly 
coincide with a series of similar particles; in 
other words, the one half is the mirrored image 
of the other, the mirror being the plane of 
symmetry. Thus •cube is symmetrical about 
the plane ac ge. A lino perpendicular to the 
plane of symmetry is called an axis of symmetry, 
and about a central point in this axis the figure 
is also symmetrical. Thus (fig. 1), starting with 
u c c as a plane of symmetry, and a 6/e as any 
given plane, the existence of ad he and dcgh 
necessarily follows, as the former is the image 
mirit^ed in the plane of symmetry, and the 
latter is the plane «ymmetrical to the first with 
regard to the central point; the existence of 
bcgf follows similarly from either or both of 
the last two faces. 



1 . 


Besides the above-mentioned plane nege 
there arc live olhcis that divide the cube in 
exactly the same fashion, viz. the planes b d h f, 
b a h (j, cfed, afg d, and b e he, and these 
make theief»ti*o a set of six yUim’i of symmetry ; 
and the corresponding six axes of symmetry 
are the lines vi n, op, q r, s i, u v, and w x, 
joining the centres of tlie opposite edges (fig. 2). 

A plane that is at right angles to two planes 
of symmetry contains two axes of symmetry, and 



f'fj 


' ! 

1 




• 

must therefore its(df be a plane of symmetry; 
and if, as in the case now considered, the two 
contained ax^ of symmetry are similar, then 
the symmetrj^f the new plane is of a higher 
order than that of the two others.^ The above 
six planes may be taken two at a time in three 
different ways, and thus a set of three new 
planes of a higher order are found; they are 
called planes of principal symmetry as dis¬ 
tinguished from planes of ordinary symmetry ; 
they are gsrf, wuxv, and ompn (fig. 2), 
and the oorresponditfg axes of pnncipal sym¬ 


metry are the lines A B, C D, and B P (fig, 3). 
As a plane of principal symmetry contains two, 
and in the hexagonal system three, exactly 
similar axes of symmetry, the appearance and 
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actual position of a crystal is not changed by 
rotating it about the axis of principal symmetry 
such that first one and then another of the 
similar axes pf ordinary symmetry come to 
occupy the same position. In this way a plane 
of principal symmetry may be most readily dis¬ 
tinguished from a plane of ordinary symmetry. 

Division of crystals into classes .—A crystal can 
only be possessed of a set of three exactly similar 
axes of principal symmetry, or of one such axis, or 
it must be devoid of any such; and all crystals may 
accordingly be divided into three great classes; 

(1) Crystals possessed of three axes of principal 
symmetry must necessarily contain also a set of 
SIX axes of ordinary symmetry (as explained 
above in the case of the cube), and all such 
are said to belong to the Regular system. 

(2) Crystals possessing one axis of principal 
symmetry must necessarily contain axes of 
ordinary symmetry at right angles to the first. 
The number of these axes of ordinary symmetry 
may bo either (1) a set of three inclined to each 
other at one-third of four right angles, with, as 
a necessary consequence, a second set of three, 
also inclined to each other at one-third of four 
right angles, but removed from the first set by 
one-sixth of four right angles, or (2) a set of two 
at light angles to each other, with, as a neces¬ 
sary consequence, a second set of two also at 
right angles to each other, but removed from the 
first set by half a right angle. Crystals satisfy- 

I ing the first set of conditions are said to belong to 
i\\o Hexagonal system, and those satisfying 
the second set to XhoQuadratic system. (3) 
Crystals destitute qf any axis of principal sym¬ 
metry may yet contain axes of ordinary sym¬ 
metry, and the possible cases are (i) three sets 
of one axis each, i-e, three dissimilar axes, 
which must of necessity be at right angles to 
each other, (ii) one single axis, and (hi) no axis 
of symmetry at all. Crystals satisfying these 
tliree conditions are said to belong to the 
Rhombic system, to the Monosymmetrtc 
(formerly called the monoclinic) system, and 
to the Asy 7 nmetric (formerly called the tri- 
oliuio) sysfeyt. 

Thus all crystals may be divided gwmetn- 
cally into the above six systems; and it is a very 
important fact that exactly the same division is 
effected by a consideration of all the physical 
properties, more espeeiEJly the optical and me¬ 
chanical ones, viz. tensional strength, the ther¬ 
mal and electrical properties being difficult of 
'investigation, and also by a mathematical dis¬ 
cussion of the possible ways of arranging a 
number of points in space. Giystali of the 
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regnUr system behave optically like amorphous 
bodies, they are singly refractive and are there¬ 
fore said to be isotropic. All other crystals are 
doubly refractive and are called anisotroj^ic 
they are divided into two classes according as 
they contain one direction or no direction along 
which a beam of light may travel ahd then 
emerge from the crys^ without suffering doable 
refraction; those possessed of this axis of single 
refraction are termed optically uniaxial. The 
hexagonal and quadratic crystals are both 
nniaxial, and optically they are undistinguish, 
able; in both cases the tensional strength in 
the plane of principal symmetry varies with the 
direction in which it is determined, but while 
hexagonal crystals showthree directions of mini, 
mum and of maximum strength, quadratic crys¬ 
tals show only two. Anisotropic crystals tliat 
are not uniaxial have been called opticalln bi- 
axial, though they have not two directions that 
are truly void of the power of doubly refracting 
light as above defined. When a properly-cut 
aeotion of a biaxial crystal is examined in 

* convergent polarised light ’ thf two optical axes 
are seen surrounded by dark and liglit rings 
gradually shading into each other, and as the 

* interference figure * is not the same for light 
of any two colours, so the rings, merging moro 
or less completely into each other, are fringed 
with colour, and by a careful examination of 
the oolonred fringes it can be dcterniiiK'd to 
which of the last three systems the cvyi't.ii be¬ 
longs ; viz. if rhombic, the figure is symini t rical 
about both diameters AB and CD, anl con¬ 
sequently also about the central point Jo; if 
monoaymmetrio, the figure is symmetrical about 
one or other of the diameters or about the cen¬ 
tral point, according to circumstances ; if a-'ym- 
metrio, the figure is void of symmetry (fig. 4). 
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In studying the geometrical properties of 
crystals, certain lines must be taken witliiu the 
crystal, to which all the faces m^ be referred; 
these ^es, of which there mustr be three, are 
called Uie orystallographical axes, and they are 
imresented by the letters a, b, c, while the in* 
cliutionB which they make with each other are 
represented where necessary by the letters a, jS, y,* 
viz. 0:6 <-7; and bte-a. In each sys¬ 

tem the cryrtallographio axes are chosen in such 
a way that the different forms may be most 
simply expressed. By this is to be understood 
each of the different faces that together 


make a single crystalline form is to be related 
to the axes in exactly the same numerical way, 
or in other words the geometrical symbol for 
each of the faces of a form is exactly the same 
if the signs be omitted that denote a face to be 
at the top, front, right hand, <ko. In the regular 
system the three axes of principal symmetry are 
chosen, and as these are all exactly similar and 
equal, the expression a, b, c becomes a, a, a, and 
as' a * stands thus alone it may itself be con¬ 
sidered as unity, and the axial expression ^us 
becomes ora*!; the expression for 

the axial angles is always^^=0 = 7«*9O®. In 
the hexagonal system one set of three axes of 
ordinary symmetry (two of these three axes 
would bo sufficient, but for* the sake of com 
pleteness it is convenient to include the third, 
this is also not without its advantages), and the 
axis of principal symmetry, are chosen; as the 
first three are exactly alike, but are independent 
of the Inst, the expression for the axes 9t, b, c 
becomes «,a,a,c; one of Ijjiese may bo made 
equal to unity, most conveniently a, and the 
crystallographical axes are expressed a:c = l:c. 
The axial angles are in all cases rt:c-90°an 
Here notice that any and every 
crystal of the regular system has its axes repre¬ 
sented by a-6 = c-l and a = 3=»7=90®, and 
these facts do not therefore need to be re- 
peatedly stated, for they are comprehended in 
the expression ‘ regular system.’ The same 
holds good with the axial angles of any and 
every hexagonal crystal, viz. a:a:a“120® and 
a:c = 90°; but with the relative lengths of the 
axes it is otherwise, the ratio of a:c is not the 
same for any two substances, and in describing 
a hexagonal crystal iho crystalhgraphical con¬ 
stant, the ari/il ratio ax, must be accurately 
measured and given; thus for example in lead 
dithionatc it is as 1:1'5160, while in strontium 
; dithionate, wliich has almost exactly the same 
; form and is therefore said to be isoniorphoust 
it is as 1:1*5024. 

These crystallographical axes are not to be 
considered as definite lines, having definite 
lengths, but as directions, determined by the 
symmetry of the crystal, and consequently en¬ 
dowed with certain properties—*t.c. like axes 
must be cut by the like dumber of faces at the 
like angles—and upon which the relative lengths 
of the intercepts cut off by the various faces 
may be calculated trigonometrically from 
measurements of the interfacial angles. These 
angles are always measured by means of a re- 
fiocting goniometer, above the centre of whose 
graduated circle the edge, over which the angle 
is to be idlasnred, is exactly placed by means 
of adjusting screws. ( About the same centre 
the crystal and a collimator or telescope may be 
made to revolve; the position of a beam of 
light incident upon the crystal, and the positions 
of the refieoted beams from the two instrous 
crystal faces, are thus measured, %cd the inter* 
facial angle determined. The method of calcu¬ 
lation may be exemplified by reference to a 
beryl crystal. Here ^ere are four sets of faces, 
each of which, of course, cuts the axes differ¬ 
ently, and one of these manners of cutting 
must be chosen as the standard (fig. 5). The 
basal faces (0001) cut only the vertical axis, 
the prismatic faces (1010) oat only the hori* 



CRYSTALLISATION, 


281 


cental axes, and henco neitbor o! tbese terms 
alone allows a determination of Ihe ratio a:c. 



But the faces of eao^of the two pyramids (lOil) 
and (2iil) cut both horizontal and vertical axes; 
for the sake of simplicity the faces (lOil) aro 
chosen as those of the primary pyramid, and 
the three horizontal axes are thus hxed as being 
parallel to AA', BB' and CO'. The angle 
1011:0001 having been measured and found 
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160® 8' 20", aic is easily calculated thus; 

tan (180°-160“ 3' 20") =but if oo = unity, 
' om 

then 

/T* ./5“ 

—j:,henceoc = —5^®” (180® —150® 8' 20") 

2 a 

«.0-4989; that is, a;c = l:0-4989 (see fig. 6). 

If, however, the angle of the pyramid over 
a terminal edge, i.e. (10il):(0111)^had been 
measured and found equal to 161° 6' 40", then 
by describing from the point a a spherical 
triangle cutting the face of the crystal in AB 
(fig. 7), the plane of principal symmetry in AC, 



and the plane of ordinary symmetry in CB, the 
side a can be found from the known data, 
B « ^{161® 6' 40"), b =. 60®* and 0 - 90®; 

thus sin c = ^—>1, hence c = gS® 26' 20", 

Bin B 

, A 1/ i.v8in4(B + C) 
then tan ja = tan 4(o-»),i4iorB) 

_ tan 1“ 42' 40" x ein 82 ° 46' 2 5". 

“ ^Bin 7°'13' 86" ' 

hence Ja - 18° 16' 26", and a - 26° 80' 60" j 

and lastly - tan of 26° 80' 60", from 
axis a 

which the value for the vertical axis c«*0'4989 

is araiii 

I'ur any given cry?ital the axial ratios are 


thus exactly determinable, hut where any 
arbitrary choice has been made, as in this 
instance, then the same is adopted by all 8ub° 
sequent observers unless good reasons are found 
for making an alteration. 

In tjjie quadratic system one of the two sets of 
two axes of ordinary symmetry, and the axis of 
principal symmetry, are chosen; the axial 
angles are in all cases 90®; the expression a, 6, 
c, thus becomes a, a,c,and, as in the hexagonal 
system, the axial ratio a:c has to be actually 
determined in every individual case. In the 
rhombic system the three axes of ordinary sym¬ 
metry are chosen; the axial angles are in all 
cases 90°; as these three axes are not similar, the 
expression a, b, c, remains as such; making 
one equal to unity, the other two constants have 
to be determined in every individual case. In 
the monosymoietrio system the axis of symmetry 
is chosen as one crystallographical axis; the 
other two axes must lie in the plane of symmetry, 
but otherwise their positions are perfectly arbi¬ 
trary ; for simplicity’s sake, they are cliosen 
parallel to two ^ell-defined edges or faces on 
the crystal; in this system a, b, c, are quite 
independent and have to be determined, b is 
generally the axis of symmetry and is made 
equal to unity; the inclinations of b:a and 6:c 
are in all cases 90'\but the inclination of a:c 
(axial angle 0) is variable and must be deter¬ 
mined. In the asymmetric system tlie crystallo¬ 
graphic axes are chosen quite arbitrarily ; gene¬ 
rally however they are chosen parallel to three 
prominent edges of the crystal; they are quite 
independent of each other, therefore of unequal 
lengths, and moreover no two of them are in¬ 
clined at right angles to each other; for asym¬ 
metric crystals there are thus five constants to 
be determined. 

Relation of faces to axes. Rationality of 
indices .—When a number of sets of faces on a 
crystal are referred to the axes whose relative 
lengths have been found as just explained, it is 
noticed that the intercepts cut off can in all 
cases be expressed as some simple multiple or 
sub-multiple of the fundamental axial lengths. 
This is known as the rationality of the indices. 
Thus in the case of the beryl crystal (fig. 6), 
while the faces of the primary pyramid cut the 
axes a\a’.a\c at the distances l:oo :l:0‘4y89, those 
of the faces (2ill) cut at 1:2:2:0-9978; here 
1 is 1 X 1, 2 is 2 X 1, and 0*9978 is 2 x 0-4989, 
and the numbers 1,2,2,2 are here indices. The 
indices are generally expressed by very simple 
numbers, as 1, 2, 3, 4, 5, 6, f, &o., but m 
some cases the ratios are not so simple. _ 

The indices of a face may be measured in 
two ways—the one known as Neumann’s system, 
and the other as Miller’s. Let the relative 
lengths of any set of primary axes be expressed 
by the letters^, 6, c, and let there be another 
face on the crystal which cuts the axes at some 
other distances, say 2a, 36,4c, from their centre. 
According to Neumann the indices of this face 

are — — — 2, 8, 4 ; following Miller, 

a* b* 0 

however, the indices aro the reciprocals of 
those of Neumann, viz. 

or, simplifying, the expression becomes 0,4,8* 
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0£ coarse there will be more than one face hav* 
log this symbol, the number depending on the 
s^metry of the crystal, but the relative posi* 
tions of any of these may be exactly denoted by 
the following device. Li all the systems the 
extremities of the axes forming the front upper 
right comer are called positive, and a^ simply 
written a, b, c, (to., while the opposite extremities 
are called negative, and are written u, c, <to. 
Thus taking the pyramid of the beryl crystal, 
and using Miller’s symbols, we have the axes 
and faces numbered as in figs. 8 and 9. 
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The axial ratios once determined, it is pos* 
Bible from them and the symmetry to say at 
once what forms are possible,, and to calculate 
their interfacial angles, &o.; but what forms 
will actually occur, under any conditions, can¬ 
not be predicted; their existence depends on 
external conditions, as presence of impurities in 
the solution, nature of the solvent, temperature, 
and speed of growth. Mineralogists and crystal- 
lographers often pay too much attention to the 
finding of new or numerous forma upon speci¬ 
mens without attempting to determine what 
were the conditions necessary for the production 
of these forms, which is the only point of real 
interest. 

The following may serve as an example of 
the way in which the symmetry of a crystal 
determines the number and position of the faces 
of a form. In fig. 10 the three similar crystal- 
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iographio axes of the beryl crystal (fig. 5) are 
represented by the lines a„ a,, and while the 
principal axis c is perpendici^ar to the plane of 
the paper. Suppose a face of the hexagonal 
pyramid to be present in the front, upper, middle 
segment, i.e. lOll, then this demands the exist¬ 
ence of a face 1101, because the plane posing 
throngh axisaj and the vertical axis c is a plane 
of symmetry; the presence of llOl demands 
the existence of Olll, because the plane con¬ 
taining Of and c is a plane of symmetry; further, 
these three faces demand the existence of other 
three, viz. 0111,1101, lOll, because the plane 
is a plane of symmetry; and lastly, these six 
planes demand the presence of other six oo the 
under part of the crystal, vu. lOll, 0111,1101, 
lOli, olll, liOl, because tne plane containing 
axes a„ a, is a plane of symmetry. And with 
these twelve faces the form is complete, for the 


other three planes of symmetry belonging to this 
system are i^^ready satisfied. 

It would be very tedious and redundant to 
denote this or any other form by writing the 
symbols of ail its faces, and it is therefore 
oastomary to write the symbols of only one, 
generally one in the front, upper, ri^t corner, 
and to inclose it in brackets thus (1011) for the 
pyramid in question. The general shape of a 
form is not essentially altered by varying the 
indices within certain limits; thus j3031) and 
(10i3) (figs. 11 and 12) as weU ai (1011) (fig. 9), 



represent hexagonal pyramids, though the ^orm 
(3031) is very high and pointed, while the form 
(1013) is proportionally low and flat-lookingj 
These may all be expressed by one general 
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symbol (mOrhl) (where m has any value between 
0 and 00), and are said to be particular forms 
of one general form (mOml); thus fig. 12 repre¬ 
sents the particular form for a crystal of beryl 
when lOiS is the same as ^0|, i.s. 

tnOml. 

But it the index m has the value of 0, then 
the six npper faces of the pyramid fall together 
into one plane, and so also do the six lower 
faces, so that the form (0001) consists only of 
two faces parallel to each other and also to the 
plane of principal symmetry; if m has the 
value of CO, then each of the upper six faces 
becomes ooincident with the subjacent bottom 
face, and the form (coOaol). or, as it is more 
usually written, (1010), consists of six faces, all 
parallel to the axis of principal symmetry, and 
consequently not limited towards either end; 
these two forms (0001) dhe basal plane, and (1010) 
the prism, may be called open forms, and can 
never occur aione on a crystal. They contain 
no variable quantity, and may therefore be 
called while the pyramid is a vari^ 

able form, % 

These two forms, the basal plane and the 
prism, though derivable from the pyramid and 
related to it in position, are obviously quite dis¬ 
tinct forms, and all are so far independent of each 
other that any one may or may not occur on a 
crystal in conjunction with the others. By 
varying the indices in every possible manner, as 
Just indicated, it is easy to determine the shapes 
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Ad number of all such fundamental or general 
orms for every eystom; and indee<^ it is only 
lossiblo to grasp the relationships existing be- 
ween them by regarding them as being derived 
rom one perfectly general form (mnl). The 
lumber of individual forms is very limited; the 
ollowing is a complete list of their symbols and 
lamea. 

Regular system.—{mnl), (mml), (mnO), 
wwO), (111), (001), (110), called respectively 
lexakis octahedron, triakis octahedron, telralcis 
lexahedron, trapezoUedron, octahedron, cube or 
lexahedron, and dodfkahcdion-, the last three 
no fixed forms. 

Hexagonal sysiem.~-{mphl),(Noic \in the 
lymbols for all hexagonal forms m + n+p = 0). 

munO), in both these cases the ratio varies 
_ n 

inly between 1 and2; (wOwil), (1010), (2 /iihm7i1), 
|2 il0),^nd (0001), called respectively the 
xexagonal pyramid and prism, the liexagonal 
jyx-amids md prising of the first order, and of 
'.he second order, and the basal plane. 

Quadratic system. —(7?ml) and (mnO), 
m 

ivhere the ratio " varies between 1 and oo; 

mirel), (mmO), (mOl), (mOO), and 001; the 
!orins are called the dujjuidratic pyramid 
ind prism, the qmdratic pyramid and prisms : 
■yf the first order, and of the second order, and the 
basal plaxie. 

Ithombic system. —(wml), (wmO), (001), 
sailed respectively pyramids prisms or domes, 
and basal plane or pinacoids. 

Monoclinicsys te wt.—The same forms exist 
as in the rhombic system, but here, owing to low 
order of symmetry, all the pyramids and some 
of the domes are composed of independent halves, 
which are distinguished as + or or by more 
fully denoting the position of the face; thus 
(mnl) and (mnl). 

Asymmetric system .—The same forms 
exist as in the rhombic system, but hero, owing to 
the lack of symmetry, all tlie pyramids are com- 1 
posed of independent quarters, thus (mnl), 
(mnl), (mnl), and (mni), and all the prisms 
and domes are composed of independent halves, 
thus (mnO) and (mriO). 

The forms just described are collectively 
called kolohedral or whole or complete-faced 
forms, to distinguish them from other forms 
known as hemihedral or half-faced, and tetartO' 
hedral or quarter-faced, 

Hemihedral forms may be considered as 
derived from the holohedral forms by re¬ 
solving these by a set or sets of planes of sym¬ 
metry into a number of equal segments, when 
the faces contained in any one scgjnent belong 
to the one hemihedral form, while those con¬ 
tained in the adjacent segment or segments 
belong to the other hemihedral form, and so on 
ell round the crwtal. 

The hemiheoral forms of the hexagonal sys¬ 
tem being very important will bo taken by way 
of example. Any bolohedrri hexagonal form 
may be ^vided into segments in three different 
ways:—• 

Firstly, by the plane of principal symmetry 
and one of the two sets of three planes of 
ordinary tymmetry; making then the adjacent 


faces independent, the rhomhohedral hemihedral 
forms are produced. Numbering the faces of 
the most general form, thedihoxagonal prism, as 
in fig. 18 it is seen that the faces are divided 
thus: 

12^456700 KFli 19 
i984&a789idlll2 
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The two forms 

12. .50. .010. . 

. . 3 4 . . 7 8 . . 1112 
and 

. . 3 4 . . 7 3 . . 11 12 
12. .50. .9 10. . 

are known as the + and — .ladenohedrons (figs. 
14 and 15), which differ from each other in posi¬ 



tion and in physical properties. Just as in the 
holohedral division, so here, the indices of only 
one face is written within brackets to denote 
the whole form, but to distinguish it from the 
symbol of the original pyramid the prefix h is 
added; thus the symbols for the two scaleno- 
hedrons are K(w^'il) and K(pnrftl). By 
varying the values of these indices m,n,p in 
every possible way, or by dividing all the other 
holohedral forms into segments in the some 
fashion, it is found that there are produced two 
other new forms, the + and - rhombohedrons 
ic(wt0*l) and K{0mtiil), figs. 16 and 17 { 
wnile the following forms already mentioned in 
the holohedral division appear again without 
apparent alteration, viz. (nt^O), (lOlO), 
(2wMnwl), (2li0), and (0001). But the con- 
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Btancy of these latter forms in both divisions is 
not real, as the physical properties are different; 
(his is especially to bo seen in the manner 
in •which they yield to the action of solvents, 
whereby little pittings or etch-Jigures are pro¬ 
duced which vary in their symmetry Recording 
as ttie forms are holohedral or hcmihedral. It 
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It to be understood that practically the holo¬ 
hedral and hemihedral forms a~e perfectly dis¬ 
tinct that is, a given substance shows the forms 
of only one of the two classes, never those of the 
other. For example, calcite frequently occurs 
in the form of the scalenohedjron (3121), fig. 14, 
and is therefore obviously hemimorphous, but it 
also frequently occurs in the form of fig. 18, and 



principal symmetry, whereby the traj>nohcdral 
hemihedraUtovtns are produced; for example 
i234&0f86 1OH12 
12346678918 11 
These forms are distinguished by the prefix 
T, the crossed faces being r(mphl) ; such forms 
have not been actually observed. 

The tciarlo'Mdral foniis before referred to 
may be considered as being produced by the 
superposition of two different hemihedtJB upon 
the same crystal. As there are in the hexagonal 
system three classes of hewihedrie, there can bo 
obtained two or perhaps three different classes 
of tetartohedrie. In the following schemes the 
faces suppressed by the Hiombohedral, pyra¬ 
midal, and trapezohedral, hemihedr© are re¬ 
spectively crossed /, — , or \. 

First, the rhombohcdral tetartohedrie is pro¬ 
duced thus - 

^ 8 4 ^ 8 9 W H 1‘2 

i 2 i B 10 H 

The faces of a dihexagonal pyramid remaining 
uncrossi'd, viz. jV.o''. ^0*^“ ^ idiombohedron of 
the third order, written Kir(wrj./>1), which is ex¬ 
hibited in fig. 20 of a copper silicate Jdia- 
sporo) crystal, where the indices arc <tJr(14.13.1.6). 


tgirfD 
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this may be either a holohedral or a hcnuhi'ilral 
crystal, but the fact that such crystals cleave , 
with the utmost readiness parallel to tlie faces 
of the positive rhombohetlron it (mOml) at I 
once removes it from the class of holohearm ; 

crystals; its hemimorphous nature is also proved I 
by otlier physical properties. , I 

A holohedral hexagonal toun may be divided ‘ 
into segments, secmuUij. by means of the two 
sets of three planes of ordinary symmetry, 
whereby the pyramidal hemiltedral forms are 
produced; for example : 

129456789 10 11 12 

129466789 10 H 12 

The uncrossed faces .(pitiTil) are represented 
on a orysial of apatite by figure 19 where 
w(p»*l) -ir(2l81). AU other forms are exter- 




Fio. 20. 


Fio. 21. 




tOlO 

Fio. 19. 

Daily the same as in the holohedral division, 
with t£e exception of T{pnim}. These two new 
forms are oaU^ the pyramid and pnsm of the 

*^ThMly, by means of the two sets of three 
planes of ordinary symmetry and the plane of 


Secondly, the trapezohedral tetartohedrie is 
produced thus : — 

) 3 ^ it )( 7 X ? M 11 Ki 

the form KT(npml) consisting of the six un¬ 
crossed faces being known as the trigonal 

trape/ohedron, and in the figure representing 8 
quarts crystal the faces of such a form, viz. 
ict(,5161) are shown (fig. 21). 

Thirdly, the scheme 

12S4X6Sc8S10H12 

lJ(9X6\7X6 1Qi41« 
shows a form bounded by six laces meeting thi 
vertical axis above, but no face meeting it below 
It is doubtful whether this tetartohedrie ha 
been observed; for exactly the same fora wouli 
be produced by making eithef of the form 
»(nipjil) or T(mp*l) hemimorphous or hall 

“^^licmimorphism Inay be described as the di 
viding of the faces of a crystalline form into tw 
independent halves, the one half cutting the on 
extremity of an axis of symmetry, and the othe 
hall the other extremity of the same axis. Hemi 
morphism is to be found in thefiret five systems I 
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liolohednJ, hemihedrat, and ietartobedral, divi> 
dons alike; it is supposed to be due ta asymmetry 
:>( the atoms in the molecule, and the solutions of 
;he substances showing this phenomenon, as tar¬ 
taric acii mUk, sugar, <feo., are generally optically 
active. It is to be noticed that some divisions 
of crystals are necessarily hemimorphous. Thus 
the hexagonal trapezohedral tetavtohedral forms 
are hemimorphous to the axes of ordinary sym- 
metry. ^ 

The hexagonal crystals are thus divided into 
the following six or seven distinct classes: | 
(a) holohedral; (b) hemihedral, and that of three 
kinds, rhombohedrai, pyramidal, and trapezo- 
hedral; and (e) tetartohedral, and that of at least 
two kinds, rhombohddral and trapezohedral, and 
possibly another; and lastly to each of these six 
classes there may or may not be assimilated also 
hemimorphism, making in all twelve or possibly 
thirteen divisions of hexagonal crystals, in only 
one ofwrhioh can any substance over crystallise. 

These six or seve^ classes are to be considered 
as being due to the different arrangements of the 
molecules in the crystal, but among those dif¬ 
ferent molecular arrangements there are certain 
regularities common which group them all to¬ 
gether into one general system. It is to bo noted 
that all hemihedral and tetartohedral divisions 
are invariably possessed of fewer planes of sym¬ 
metry or of planes of a lower degree of symmetry 
than are the holohedral forms; thus the trape¬ 
zohedral hemihedral forms and all tetartohedral 
forms of the hexagonal system are possessed of 
no plane of symmetry whatever, i.e. as dehned 
at the commencement of this article; but such 
forms do not, therefore, belong to the asymmetric 
system, for in the first place they show a perfect 
regularity in the recurrence of equal faces and 
angles in sets of three or of six, which an asym¬ 
metric crystal can never do, and secondly they 
show none of the physical properties of these 
crystals, but properties that are either identical 
with those of the hexagonal holohedral crystals, 
or are in the main of the same kind, differing 
only just so much as might be expected from 
the lower degree of symmetry they possess. 

Just as hexagonal crystals are divided into a 
number of distinct classes, so also are the crys¬ 
tals of the other systems as far as their varying 
symmetry allows. Thus regular crystals are 
either (a) holohedral, (6) hemihedral, and that of 
three kinds, viz. tetrahedral, pentagonal, or pla- 
gihedral, or (c) tetartohedral of one kind only; 
thequadratio crystals are subdivided exactly like 
the hexagonal ones; the rhombic crystals are 
either (a) holohedral or (6) hemihedral; and the 
monosymmetrio and asymmetrio crystals can 
show neither homihedrie »or tetartohedrie. 

There still remains another regularity met 
with in the forms of crystals, viz. the symmetri¬ 
cal growth of two or more crystals as one indi¬ 
vidual. Such a complex is called a twin or fnf- 
ling, and in such the component individuals are 
definitely related as regards position, viz. the one 
crystal generally occupies such a position that 
were it rotated through 18ft° about a particular 
line, called the twin axis, all its faces &o. would 
then be exactly parallel to those of other crys¬ 
tals. The plane at right angles to the twin axis 
is called the twin plane, and in many instances 
tho two iodividuals meet in this plane, and it is 


then also termed the contact plane; but in other 
instanoes the two individuals penetrate each 
other in a perfectly irregular manner, and there 
is then no definite contact-plane. The formation 
of a twin crystal is probably explained by ex¬ 
treme viscosity of the solvent, or of an insulficient 
lapse of *time between tho separation of two 
molecules from a solution and their approximation 
to form a single solid particle, and for either of 
which reasons the molecules would not be able 
to become exactly parallel, which must be the 
most stable position, but would take up the next 
most stable position by reason of the molecule 
being originally more nearly in that position. As 
a plane of symmetry for the external form is also 
a plane of symmetry of the intermolecular force, 
which varies with the direction in which it is 
exercised, so a plane of symmetry can never be 
a twin plane, else tho two individuals would be 
exactly parallel^ that is, they would be identi- 
cal: further, as the arrangement of the mole¬ 
cules, and consequently the external form, de¬ 
pends on this same intermolecular force, so the 
twin plane and axif are invariably connected with 
the external form; generally the twin plane is a 
possible crystalline face, and often one that is 
expressed by a very simple symbol. Twin or 
complex crystals are often characterised by re¬ 
entering angles, but these are frequently either 
so small as to be unnoticeable or are not present, 
and the crystal then affects a symmetry that it 
does not really possess. 

The following figs, represent rhombic arago¬ 
nite crystals; fig. 22, a simple crystal, and fig. 23, 



Fio. 22. Fw. 23. 


a twin, showing re-entering angles, the twin plane 
being the prism face; andlastly, fig. 24 represents 



Fio. 24. 


a trilling, showing only the forms (110) and (001), 
which externally appears very like a hexagonal 
crystal, except that two of the vertical faces are 
a little nicked* because the angle of the prism 
(110) is not exactly 120*^- Tho real nature of 
such compound crystals is most easily detect^ 
by their optical properties, a section cut parallel 
Co tho base at once resolving itself m a parallel 
beam of polarised light into a number aeg- 
ments distinguished from each other by diSer- 
ence of colour or luminosity, and whose relative 
positions can readily be determined by optical 
examination. 
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Besides representing the form of crystals by 
parallel projections, as in the various figures, 
these forms are often also represented in a totally 
dififerent manner, viz. by spherical projection. 
From a central point within a crystal, imagine 
a sphere of any radius described, an^ from its 
centre a line let fall perpendicularly on to every 
crystalline face and pr^uced until it cuts the 
surface of the sphere. The positions of the 
faces are thus recorded by as many points upon 
the surface of the sphere, and their positions 
may very conveniently be represented upon a flat 
surface by making a diametral section of the 
sphere bringing the recording plane and one ex¬ 
tremity of the diameter at right angles to that 
plane into the point of view, whereby great labour 
in drawing and calculating is saved, as all great 
circles on the sphere appear in the projection as 
straight lines or as arcs of circifs. In the regu¬ 
lar, hexagonal, and quadratic, systems the dia¬ 
metral section is always drawn parallel to the 
plane of principal symmetry, in the rhombic 
system to the basal plane, in the monosymmetrio 
and asymmetric systems it^is drawn perpen¬ 
dicular to the faces of the prisms. Thus the 
beryl crystal, fig. 6, as far as the sphere lies in 
the plane of this paper, appears as in fig. 25, 
and the position of the three faces, when drawn 
upon the plane of principal symmetry, as in 
fig. 26; the one straight line joining tho three 



points shows that they are in the same zone, 
that is, are all parallel to one common direction, 
' therefore their intersecting edges are paral- 
hd, and this fact is very easily noticed or tested 
when the crystal is mounted on the goniometer 
for measuring. The completed projection ap¬ 
pears as in 27, where zones are all indi¬ 
cated by the various lines droular or straight. 
'This method of projection also allows of the 
positions of optical axes, cleavage planes, «fec., 
being shown. 

It now only remains to mention a lew points 
conoeming the growth and actnal appearance of 


tile faces of a crystal, beyond those mentioned 
on p, 278. sA crystal once formed in a solution 
and continuing to increase in size, every face, or 
at least every face of any set of faces, would re¬ 
ceive a deposit of the same thickness, and an 
ideally perfect crystal as represented in tlie 
figures would result, were it not that the liquid 

To 10 



in depositing tho solid substance altered its 
specific gravity, and currents being thus gone- 
rated different parts of the crystal are thus sub¬ 
jected to different conditions, and the several 
faces receive unequal deposits of new material. 
In consequence, the intersections of the similar 
faces and their superficial extent are often very 
dissimilar, though every face always remains 
exactly parallel to its original position, and 
the interfacial angles are constant. This so- 
called distortion is often brought about or in¬ 
creased by the crystal becoming attached by an 
end or side to other crystals, or to the contain¬ 
ing vessel. Thus fig. 28 represents an alum 
crystal that has lain on the flat bottom of the 
containing vessel, and fig. 29 represents the ideal 




form such as may be obtained by constantly 
changing the position of the growing crystal. 

When new material is very quickly presen ted 
to a growing crystal, it is often noticed that the 
acuter solid angles grow extremely rapidly, shoot¬ 
ing out into long needle-like points, and often 
other acioular points will start from along the 
first, and thus fem-like forms are produced; all 
such growths are termed crystalline skeleUms ; 
when the rate of deposit becomes less the needles 
almost cease to grow in the direction of their 
length, bat increase continually* in breadth and 
thickness nntil they touch each other, and the 
crystal returns to its original appearance, though 
almost invariably iWill contain a great number 
of larger or smaller cavities, filled with the 
mother-liquor, and, as already mentioned, these 
cavities exhibit an arrangement or a form that 
oorrespondfl with tiie general symmetry of the 
orysi^ Some substances, M ammonium chbride, 
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mdtallio silTer, &o., are very prone to form such 
dendniic forms t while with other ^bstanoes, as 
platinum-potassium chloride, if existing crystals 
were not able to take up the new material, a 
multitude of minute crystals would at once 
form. The direction of these skeleton arms is 
always coincident with some crystallographic 
direction, and they are in reality made up of 
numerous crystals, in exactly parallel position. 
It has been mentioned that the faces of crystals 
are often striated; thestrim consist of numerous 
alternating faces of one or more forms; thus 
nitre crystals are vertically striated on the prism 
and pinacoid faces ijy reason of these faces being 
repeated alternately very many times. 

Finally it may be useful briefly to describe 
such a microscope as is used for the examination 
of minute or growing crystals, or for the exami¬ 
nation of rock sections. In this connexion 
reference should be made to the papers of 
Behro§a {lioyal Micros. Soc. Jotim., 1882) and 
others, on the micrMhcmioal reactions by which 
minute fragments m minerals Ac. may be ana¬ 
lysed qualitatively by converting their consti¬ 
tuents into crystalline precipitates that may be 
recognised under the microscope. The essential 
parts of the microscope are the same as in every 
other instrument, the parts specially concerned 
in crystallographic work boing the following. 
The stage can be rotated freely about the optical 
centre of the instrument, and is brought exactly 
into that position by a couple of adjusting 
screws; the circumference is graduated into 
degrees, and fractions can bo read by a vernier. 
The eye-pieces contain crossed (rectangular) 
threads, and these always occupy a fixed position 
by reason of a pin in the eye-piece and a notch 
in the outer tube. Plane angles of crystals that 
lie suitably, the angles between the lines of inclo- 
sures Ac., are easily measured by the rotating 
stage and the cross of the eye-piece. The fine 
adjustment-screw for focussing is of known pitch, 
and is provide with a head divided on its oircum- 
ference. By using a high power and a rather thick 
specimen it is easy to determine the refractive 
index not only of solids but of liquids (Sorby). 
In the eye-pieoe can be fitted a micrometer scale, 
and by using this and the micrometer screw the 
interfaoial angles of minute crystals can be 
measured, though the method is one that would 
only be used if the goniometric measurement 
were not possible. During the cutting or grind¬ 
ing of sections, especially rock sections, the 
crystals often cleave, and the positions of the 
planes of cleavage are at once determined from 
the fine parallel hair-like cracks in the specimen. 
Underneath the stage a polarising prism is 
quickly put into position ^o that its polarising 
plane is parallel to one of the cro|8 threads in 
the eye-piece; crystals may then oe examined 
for diohroSsm. Above the stage, and most con¬ 
veniently over the eye-piece, a second polarising 
prism may be placed or rapidly removed; it may 
be rotated about the central axis, and the amount 
of rotation is approximately shown on a small 
^vidod circle. When the prisms areorossed, 
isotropic and anisotropic crystals are at once dis¬ 
tinguished, unless the crystallitio plate is at right 
nngles to the optical axis, but in this case the 
interference figure can be obtained as described 
below; further, if the crystal be anisotropio* 


28; 

twinning is generally at once recognised, and, with 
the help of the rotating stage, the relationships 
of different parts are determined, by com¬ 
paring the depolarising directions among them¬ 
selves and with the edges of the crystal; simi¬ 
larly in a simple anisotropic crystal the anglai 
betweei]?the depolarising directions and the edges 
may be measured, and the system of crystallisa¬ 
tion thus determined when the examination of 
the external form alone would not have been 
conclusive; and even when the external form has 
been destroyed, or when it has been lost by 
reason of the crystal growing until it filled the 
whole space that happened to be at its disposal, 
the examination of the cleavage cracks, lines of 
inclosures, and depolarising directions, is often 
suliicient to determine the crystalline system. 
The relationship between depolarising directions 
and edges may be used fordiscriminating between 
different subst&nces crystallising in the mono- 
symmetrio or asymmetric systems, as the various 
felspars. Finally anisotropic crystals lying in 
suitable positions can bo examined for their 
interference figuys by removing the eye-pioco, 
but retaining both polarising prisms, placing a 
small, very short, focus-lens above the lower 
prism and directly below, but quite close to, the 
crystal, and lastly using a short focus objective 
and bringing it down rather close to the speci¬ 
men. The interference figures thus observed are 
certainly very small, and an extra lens is some¬ 
times inserted above the objective to magnify 
them, but the angle of view is thereby diminished. 
Uniaxial and biaxial crystals are thus at once 
distinguished, and if the former showany marked 
amount of circular polarisation, or the latter any 
marked amount of dispersion for the various 
colours, these phenomena can also be noticed, 
especially if use is made of red and blue glasses 
to simplify the phenomena; such glasses are 
also used in the measurement of the angles be¬ 
tween depolarising directions and crystalline 
edges. H. B. 

CTTBEBS.—The fruit of Piper Cubeha, a na¬ 
tive of Java. It contains a volatile oil (from 
which ‘ camphor of cubebs * may be separated), 
a crystalline substance cubebin, an acid resin 
cubcbic acid, and an indifferent resin (Monheim, 

J. chim. Med. 11, 352; Blanchet a. Sell, A. 6, 
21)4; Muller, A. 2, 00; Winckler, A. 8, 203; 
Soubeiran a. Gapitiffne, A, 31, 100; 34, 311; 

J. Ph. 26, 76; Aubergier, Rev. Scient. 4, 220; 
Schmidt, Ar. Ph. [2] 101,1; Schaer a. Wyss, 
Ar. Ph. [3] 6, 316; Oglialoro, G. 6, 467). 

Oil of Cubebs. Contains dipentinene, the 
hydrochloride of which C,oH,j2HCl melts at 
49®, but consists chiefly of hydrocarbons boiling 
between 250® and 270®, amongst which is a 
sesquiterpene (276®). V.D. 6'73 (calc. 

7*05), whose hydrochloride C,jH„2H0l melts at 
rX18®3 (Wallach, A. 238, 80) or [131®] (S. a. C.f. , 

Camphor o? Cubebs O.^H^O. [67®]. (148®). 
Occurs only in old cubebs. Trimetrio crystals 
(from alcohol-ether). Lwvorotatory. At 230® 
it is split up into water and cubebene 
(Schmidt, B. 10,189; tf> Berthelot, Bl, [2] 11,8). 

Cubebin 0,oH„Oa 

le. [>l]CH,<®>C.H.(O.H.O)? [125;]. S. 

(alcohol) 1-31 at 12°. S. (ether) 3-75. Extracted 
by alcohol from cubebs after removal of the 
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essential oil by steam distillation (Sohuck, N. 
Bepen, Pharm. 1, 313; Steer, A. 36, 881; 
Weidel, Site. W. 74 [2] 377; Soh&r, Ar. Ph. [3] 
25, 531). 

Property.—Small needles (from alcohol); 
V. b 1. sol. water. Cone. R^SO* colours it crimson. 
HCl and HI have no action on it. • 

Beactioyis. —1. KMn 04 on warming oxidises it 
to oxalic acid and a resin, from which, after ex¬ 
tracting with CHCIj, a crystalline residue of 
piperonylio acid [228^] is obtained.— 

2 . >i^en heated with acetic anhydride and sodium 
acetate to 140® C. it yields O.^oHjgOs [78®], which 
can bo obtained pure by crystallisation from 
alcohol (Pomeranz, Af. 8,466).—3. Potash-fusion 
gives COj, HOAc, and protocatechuio acid.— 

4. HNO, gives oxalic and picric acids.— 
6 . Nitrous add gives yellow crystals of nitro- 
cnbebin OioHjINO^jOg, which dissolves in 
aqueous KOH, forming a violet ablution.—6. Br, 
added to a solution of cubebin in chloroform, 
gives CujHjBtjOj, which separates from boiling 
xylene in white crystals. 

Bemoyl derivative CjgHgBzO,. [147®] 
(Pomeranz, M. 9,323). 

Cnbebic acid CnHiuO, (Schulze, Ar. Ph. [3] 
2, 388); Cy.JiuOj (Schmidt, Ar. Ph. [2] 191.1). 
A resinous acid extracted from cubebs by ether, 
freed from volatile oil by steam-distillation, and 
purified by re-crystallisation of its Ba salt (Ber- 
nazik, C. C. 1864, 191). Amorphous, insol. 
water and acids, v. sol. alcohol, ether, and al- 

CUDBEAB. A name given to a variety of 
archil, being also prepared from lichens, chiefly 
of the genus Lecanora. 

GITMALIC AGIl) v. CouftiAUO acid. 

CXrUABHTBBIN v. Goto bark. 

4 -.CirMEllEC,H,(CH,), [1:3:4]. i-Tri-methyl- 
benzene. Mol. w. 120. (169^® i.V.) (Jacobsen, 
B. 19, 2513). B.G. ^ ’8043; ^ *8530. HJ\p. 
1810. HJ'.v. -1590 {Th.). Dielectric constant 
2*431 at 14® (Negreano, C. R. 104, 42H). Hp 
1*484. Occurs in all kinds of petroleum (Amori- 
can, Eussian, <kc.) (Engler, B. 18, 2234; cf. 
Mansfield, C. J.l, 244; A. 69, 179; Ritthausen, 
J.pr. 61, 79; Beilstein a. Kogler, A. 137, 317). 

Formation.—1. From bromo-m-xyleno and 
bromo-n-xylene by treatment with Mel and 
sodium (Fittig, A. 139, 187; 151, 267. 286).- 
2. From di-bromo-tolnene/ Mel, and sodium 
(Jannasch, A. 176, 286).—3, From phorone 
(derived from acetone) by treatment with 
(Jacobsen, B. 10,856).—4. From toluene, MeCl, 
and Al^Cl, (Friedel a. Crafts, A. Ch. [6] 1,461). 

5. By boiling pseudo-cumyl-hydrazine with 
aqueous OuSO^ (Haller, B. 18, 92). 

Preparation.—The mixture of «|'-cumene and 
mesityfene obtained by the distillation of coal tar 
is sulphonated by agitation with cold cone. R^SO.; 
on adding water a portion of the 4»-cumcne suU 
phonic acid is ppd., the remaining acids are con¬ 
verted successively into their Ba salts, chlorides, 
and amides, and the latter are separated by crys¬ 
tallisation from alcohol, in which the amide of 
if'-cumene sulphonio acid is sparingly soluble. 
The Bulphamide is then converted into ^--cumene 
by heating with fuming aqueous HCl at 175® 
(Jacobsen, B. 9, 256). The snlphonic acids of 
i^-cumene and mesitylene may also bo sepa¬ 
rated by beating with HClAg at 100® for one 


hour, when the latter only undergoes hydrolysis 
(Armstrong. B. 11, 1697). tl^-Oumene sulphonid 
acid is decomposed by distillation with dilute 
HjSOi in a current of steam, hydrolysis begin¬ 
ning at 116® (Armstrong a. Miller, O.J. 45,148). 

Reactions.—X. Readily attacked by halogens. 
In the dark 1 mol. of bromine produces mono- 
(esol-bromo-pseudo-cumene CaH^Me^r [78®]; 
furtner bromination yields di- and tri-(eso)- 
bromo-psendo-oumene (CaHMe,Br and GaMOaBi's) 
of melting-points [61®] and [226®] respectively. 
Direct sunshine acts like heat^ causing the sub¬ 
stitution to take place in the GH, groups; 1 mol. 
Br produces a liquid ei>.brbmo-(p8eudo)-oumene 
(psoudo-cumyl bromide) C 8 H 3 (OH,),.CH 2 Br; 2 
mols. bromine produce Wj^-w^-di-bromo-paeudo* 
cumene CaH,(CH,)(CH^r), which melts at 97® 
(Schramm, B. 19, 216).—2. Converted by boil¬ 
ing with AljClg into toluene, m-xylene, a little p- 
xylene, mesitylene, durene, and isodurene (An¬ 
schutz, A. 235,186).—3. Methylene chloride and 
AljCla give durene, tetra-methyl-anthraoene [o. 
163®], nexa-methyl-anthrabene [o. 220'’] and 
C,«H,a [ 0 . 290®] (Friedel a. Ciaffcs, A. Ch. [6] 11, 
263).—4. Gives a tri-nitro- derivative [185®].— 

6. Dilate HNO, gives two di-methyl-benzoio 
acids and a little CaH,Me(CO;H)j. 

i|'-Cameae hexahydride CaH,^. (187®). S.G. 
H *7812; *7667. From 4'-cumene, HI, and P. 

UNO, gives tri-nitro-^f'-cumene. Br and Al^Br, 
give tri-bromo-4-cumene (Konovaloff, C.0. 1887, 
1183). Probably identical with nonaphthene. 

Cumene C,H,j i.e. CsH^Pr. IsopropjUhenz- 
ene. Mol. w. 120. (163® i.V.). S.G. 2 *8776; 3a 
•8577 (Silva, Bl. [2] 43, 317); 2 *8798 ; 32 -8687 
(Patern6 a. Piaati, O. 3, 674). 

Formation. —1. By distilling cuminio acid 
with baryta or lime (Gerhardt a. Gahours, A, 
Ch. [3] 1, 87, 372; 14. 107; A. 38, 88; cf. A. 
220, 27).—2. From isopropyl bromide, benzene, 
and AlgBr, (Gustavson, B. 11,1261; R. Meyer, 
J. pr. [2] 34, 98). In the same way from n-pro- 
pyl bromide, inasmuch as n-proj|yl bromide is 
converted by heating with Al^Br, into isopropyl- 
bromide (Kekul6 a. SchrStter, B. 12, 2280).— 

3. By acting with isopropyl chloride or n-propyl 
chloride on benzene in presence of aluminium 
chloride (Silva; Clausa. Schulte, B. 19, 3012). - 

4. As a by-product by the action of allyl chloride 
on benzene in presence of AljCI^.—6. By the 
action of di-chloro-acetone in presence of AhCl, 
on benzene as a by-product (Silva).—6. From 
benzylidene chloride and ZnMe^ (Liebmann, B. 
13, 45).—7. From iso propyl iodide, bromo- 
benzene, and sodium (Jacobsen, B. 8, 1260). 

Reactions.—X. Chromic mixture gives benz¬ 
oic acid.—2. Br and AljBr* give 0 «Bt„ isopropyl 
bromide, and tri-brorgo-propane (o. 218®). 

Cumene t^trahydride C,H,«. (165®). Occurs 
in small quantity in oil of resin (Renard, A. Ch. 
[6] 1, 239). 

Cumene hexahydride C»Hj,. (o. 149®). S.G. 
32 *787. Occurs in oil of resin (^nard, A. Ch. 
[6] 1, 229; cf. Pelletier a. Walter, A. Ch. [2] 67, 
99). 

I n • Cnmene 0 jHjPr, n - Propyl • benzene. 

I (168-6°). 8.G. 0 ‘88 (Spioa,G.8,408); ^ -8709 
Sohifl). O.E. (9-8 to 168-B)-001184. V.D. 4-14 
for 4-14). S.V. 161-8 (Sohifl, A. 220, 98). 

f(>motu>n.—l. From »-propyl btomid,. 
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bromo-benzene, and sodium (Fittig, SohaSer a. 
Konij^, A. 149, 324).—2. From benfcyl ohloride 
and ZnEt, (Patern6a. Spica, (?. 7, 21).—3. From 
KhCl^y benzene and allyl chloride (Wispok a. 
Zubor, A. 218, 378); according to Silva (Bl. [2] 
13, 318) the product is isopropyl-benzene.— 

1. A product of the action of ethylidene chloride 
jn toluene in presence of ALOl, (Ansohatz a. 
Bomig, B. 18, 6C6). 

Reaciiom. —1. In OSj solution it combines 
with CrOgGl), forming a chocolate pp. 
PhPr2CrOjCij converted by water into phenyl- 
propionic aldehyde d^ltard, A. Ch. [&] 22, 252). 

2. Ohromic mixture gives benzoic acid.—3. By 
the action of bromirjfi (1 mol.) in the dark or in 
presence of 3 p.c. of iodine in diltused daylight, 
Ik mixture of o- and p-bromo-propyl-benzone 
C„H 4 Br(CjH,) is obtained. By the action of 
bromine (1 or 2 mols.) in direct sunshine, the 
sido chain is substituted in the ^-position giving 
C«Hj.C^Br.CH,.CH, or C,H,.CBrj.CH,.CH,. If 
the 0-mono-broino^ropyl-bt*ii/one is treated 
st 100’ in tho dark with another mol. of bro¬ 
mine, ajS-di-bromo-propyl-benzene is produced 
0 H,.CHBr.CHBr.CHj [05-5°j (Schramm, B. 18, 
1274). 

References. — BnoMO-auMi';NB,Cui.oiio -cumene, 
Nituo-cumenb, &o. V, also Azo- and Hvdiuzo- 

COMPOUNDS. 

i|/.CUMElTE CARBOXYLIC ACID o. Cu- 

UINIO AOID. 

i|/.COMENE-SULPHONIC ACID 
C,H,Me,(SOsH) [1:3:4:2]. Obtained by debrorai- 
nation of di brorao-pseudo-cumene-sulphonic 
acid C»Me,Br.,(SO,H) [1:3:4:5:6;2] by the action 
of zinc-dust and aqueous NIIj upon the sodium 
Balt. It is formed, together with the isomeride 
(1:3:4:5) and other products, by the prolonged 
action of cone. upon durene (^.o.) or its 

mono-sulphonic acid.—NaA': very soluble small 
flat needles or plates. 

Amide 0«H:Mej,(SO.,NHj): {113«]; small 
flat needles or plates; v. e. sol. alcohol (Jacob¬ 
sen. B. 19, 1222). 

\|'.Cumene-8ulphonio acid CgHaMe 3 (SO,H) 
[1:8:4:6]. Obtained by debroraination of bromo- 
pseudocumene-sulpbonio acid by the action of 
zinc-dust and aqueous NH, upon the sodium 
salt (Jacobsen, B. 19, 1218), or by sodiuin- 
amalgam (Kolbe a. Puthe, B. 19, 1556). It is 
formed, together with the isomeride [l:3;4:2]and 
other products, by the prolonged action of oono. 
HjSOg upon durene (j* v.) or its mono-sulphonio 
acid. 

Salt 8.—NaA' aq: needles, v. sol. hot water.— 
KA'aq: similar to the preceding. — AgA'aq: 
sparingly soluble white plates.—BaA'aq: platos, 
sparingly sol. cold water (K. a. P.).—BaA'^; thin 
prisms; sol. hot water, si. sol. colA(J.). 

Amide CjH;iMe,(SOaNH 5 ): [172®] (J.); 

[179®] (K. a. P.); needles or very small prisms; 
V. sol. alcohol. ^ „ a/\ TT 

i^-Cumene sulphonie acid OgHjMejSOjH 
[1:2:4:5]. [112®]. Formed by dissolving il'- 

oumene in cone. H^SO, at 80®, and crystallised 
from dilute H^SOg (Jacobken, A* 184, 199). 
Cubes, al. aol. dilute HjSO^. Converted by 
potash-fusion into CgHjMea{OH)OOaH, whence, 
by distillation with lime, w-xylenol OgH,Me|(OH) 
[1:8:4] is got. Fusion of the X salt with sodium 
formate gives C.H.Me,.COjK (Router, B. 11* 29). 

VoL. n. 


By the action of bromine upon the aqueous 
solution 76 p.c. is converted into bromo-pseudo- 
cumene C^HjMetBr ri:2:4:5], the remainder 
yielding broino-pseudo-cumene-sulphonio acl l 
CgHiIo,Br.SO,H [1:2:4:3:5] (Kelbe a. Patbe, B. 
19,1546). 

Salts.—NaA'Saq : transparent plates, loses 
4aq in the air.—NaA'aq: white platos (from 
cone, solution). — KA'aq : sparingly soluble 
prisms.—AgA'aq: sparingly soluble needles.— 
BaA'j. S. 4-5 at 11-6® (J.).-BaA '2 aq (Fittig a. 
Ernst. A, 139, 188). 

Chloride CgH^MegSO^Cl. [61®]. Mono- 
clinic prisms (from ether). 

Amide CgH,Me,SO,NH,. [176®] (K.a.P.); 
[181®] (Jacobsen, B. 19, 2518). S. -014 at 0®; 
*26 at 100®. Large prisms, sol. hot, si. sol. cold 
alcohol. Cone. HCl at 176® splits it up into 
NH„ HjSOg, ai^d i^-oumene. Potassium perman- 
ganate gives CgH.XC 03 H)Me 2 (SO..NH 2 ) (1:2:4:5], 
CgH,(COgH),Me(S 02 NH.) ri:4:2:5], and finally 
CgH,(CO,H),(SO,NH,) (Jacobsen a. H. Meyer, B. 
16,190). By heating with a small quantity of 
HCl there is for/ned (OgH,M 0 ,SO,)^H [177®], 
which is soluble in alkalis. 

Cume&e-(a)- 8 ulpho&ic acid OgH,(Oi,H,).SO,H. 
IsopropyUhcnzcm sulphonie acid. Formed in 
largest quantity by sulphonating cumene in the 
cold. By warming to 100®, or by several weeks’ 
standing with the excess of H.SOg it is in great 
part converted into the (/Sl-acid (Claus a. Tonn, 
B. 18,1239). Small deliquescent scales. Potas¬ 
sium permanganate in presence of KOH forma 
(CH,) 2 C( 0 n).CgH,.S 08 H(R. Meyer, A. 219, 300) 

Salts.—KA'.—BaA',aq: larainfis. S. 4*6 at 
16®, 0*6 at 60®, 60 at 100®.—PbA', aq: pearly 
scales.—CaA', 2aq.—SrA', 2aq. S. 100. On 
heating the solution saturated in the cold to 
100® a crystalline pp. of BrA'j is formed.— 
MgA'j 7aq.—AgA'. 

Amide CgHg+ir.SOjNH,. [108"] (M.; Spica, 
Q. 9, 433); [112®] (0. a. T.). Converted into 
jj-oxy-bonzoio acid oy treatment with KMnOg 
and fusion of the product with potash. 

Cum6ne-(3)-sulphonic acid CgH 4 (C^H,)S 08 H. 
Formed, together with a smaller quantity of the 
(a)-sulphonie acid, by heating cumene with an 
excess of ordinary HjSOg on the water-bath (Claus 
a. Tonn, B. 18,1239; Spica, Q. 9, 433). Small 
needles. V. sol. water. By fusion with sodium 
formate it is converted into a cuminic acid which 
gives phthalic acid on oxidation (Claus a. Sohulte, 
B. 19, 3012). 

Salts.—A',Ba3^aq; small needles; S. 20 at 
16®; more soluble than the Basalt of tho precod*. 
ing acid.—A'jPb 2aq: easily soluble microscopic 
noodles.—A',Mg 8 aq: soluble pearly plates.— 
A’jZu7aq: easily soluble glisteuing needles.— 
A'sCu 8 aq: easily soluble large green needles. 

Ohloride OgHn-SOgCl: yellow oil. 

Amide Cga.j-SOaNH,: [127® anoor.] (0. a. 
T.) ; [96®] (S.); glistening needles. 

• n-Cumene sulphonie acid C.,H 4 Pr.SOaH. 
From w-cumene and H^SO*. According to Pa- 
tern 6 a. Spica ((?. 8,408) both the o andi> acids 
are formed. 

Salts.—XA'iaq (from alcohol).—OoAV— 
BaA', (Fittig, i. 149,830). 

Amide O^H^Pr.SOgNH,. [110®]. Scales 
(from water) (R. Meyer, A. 319,29r), 
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i^-CTTMENOL 0,S,(CH,),0H[5:4:2:1]. [72°]. Methyl ether O.H.Pr.OMe. (218° cof.). 
(236°). HJ'. p. 68,540 (Stohmann. J. t>r. [2] 84, S.O. a-902. ‘ 

818). Ethyl ether (245°). 8.0,« 

Formation, —1. Formed by diazotising 1’026. 

tnidine [62°] and boiling the diazo* compound o-»j-CumenolC,H^Pr(OH)[l:2]. o>Propyl-phe- 
with water (Liebermann a. Eostaneckif .B. 17, nol. (o. 225° cor.). S.G. 21-016. From allyl iodide 
886 ; Auwers, B. 17, 2976; Krohn, B. 21, 884). and phenol in presence of zinc and aluminium 
2. By fusing <^*cumene Bulphonic acid with EOH foil (P. F. Frankland a. T. Turner, C. J. 43, 
(Reuter, B. 11, 29). 358) : C«H,OH + C,HJ =- HI + C,H,.C,H,0H and 

ProperHes .—Slender floxiblo needles, very C,H,.C,H^OH+ 2HI = C,H,.C„H,OH+ I 2 . Formed 
volatile with steam. Insol. cold water. Fe.Cl, also by fusing the corresponding sulphonio acid 
does not colour its solutions. Gives a bromo> with potasli (Spica, O. 8 , 418). Liquid; its 
derivative [32°] and a di>bromo*derivativo [150°]. aqueous solution is turned v4olot by Fe-^CL. 00, 
Benzoyl derivative(j^Mo^{OV>-A). [03°]. acting on its sodium derivative at 140° glveso- 
H.P. 87,240 (Stohmann, tT. j>r. [2] 30, 8 ). oxy-propyl-benzoio acid. „ 

Methyl ether C 6 H,(CH,),OMc. (214°) Methyl ether C,H,Pr.OMe. (208° cor.). 

(211°) (Auwers, B. is, 2G57) ; colourless S.G. -9694. 

^liquid. Formed by heating sulphate of diazo- w-n.-Cumenol CgH 4 Pr(OH)[l: 3 ]. [2C°]. (228® 
pseudo-cumene with methyl-alcohol (Hofmann, i.V.). From oxy-n-cuminic acid and oono. 
B. 17,1918). HCIAq at 190° (Jacobsen, B. 11.1002). Crvstals, 

Ethyl ether C,H,(CHj) 30 Fit: (224°) ;co- v. si. sol. water. F 03 CI 0 colours its alcohmio so- 
lourless liquid. Formed by heating sulphate of lution green. • 

diazo-pseudo-cumone with ethyl-alcohol. ^-n-Cumenol CaH 4 Pr(OH)[l: 4 ]. (231° cor.). 

Jaoamt/1 CjH..(CH,l,OCiH,,: (205°). S.0.2 1*009. Formed by fusing the correspond- 

Sulphate C^jH^MejlbSO^H). From ^/-cu- ing n-cumcne sulphonic acid with potash (Spica, 
menol and H^SO, (Reuter, B. 11, 29). Small G. 8 , 411). Formed also by diazotising amido- 
orystals; decomposed by water into ip-cumenol propyl-benzene and boiling the product with 
and B 2 SO 4 even in the cold.—BaA',; slightly water (Louis, B, 16, 109). Oil. SI. sol. cold 
soluble leaflets.—KA'.—ZnA',. water, v. sol. alcohol and ether. Fe^Cl, gives at 

t//-CTin:enol C,H 5 Mc,(OII)[l: 3 :-l: 2 ]. [62°]. ' first a violet and then a permanent green coloura- 

(233°). Formed from pseudo-cumeno-sulphonic : tion. CO, on the Na derivative gives p-oxy-n- 
aoid (1:3:4:2) by KOH fusion (Jacobsen, B. 10, ! cuminic acid. 

1223). Long needles (fromether). FejClggives Acetyl derivative C^H 4 Pr(OAc). (243° 
no oolonration. cor.). S.G. 0 1*029; *942. 

i^»-CumenolC,H,Me,{OH). [95°]. (231°i.V.). Methyl ether (215° cor.). 

Prom the corresponding e .midine [36°] by diazo- S.G. 2*964; 120 . 912 . Yields anisic acid on oxi- 
reaction (Edlor, B. 18, 630). Formed also by dation. 

fusing the corresponding sulphonic acid with The same ether appears to be formed, to- 
potash (Jacobsen, B. 19, 1219). Long prisms. I gether with anisole, by the action of boron-fluor- 
Gives no colour with FejCl,,. It gives a di-bromo- ide on anethol (Landolph, B. 13, 145). 
derivative [162°]. Isomerides of cumenol v. Mesitol and Hbmx- 

i^.Camenol C.H^MejIOH). (217°). From the mellithol. c 

diazo-compound of if'-cumidine (224°) by boiling Derivatives of cumenol v. Amido-cuuenol» 

with dilate H^SO, (Engel, B. 18, 2230). Oil. Bbomo-cdmenol, Nrrno-cuMKNOL, Ac. 

Gives no colouration with FejClg. Di-cumenol v. Di-oxv-di-cumyi,. 

o-CumenoI C^H^Fr.OH. o-Isopropyhphenol, CFMENOL-CARBOXYHC ACID v. Oxv-ou- 
[16°]. (212° i.V.). S.G. £1*0124. Fromo-cumi- minic acid. 
dine by displacing NH. by OH through the CDMENOL SULPHONIC ACID 
diazo-reaction (Fileti, G. 10, 113). Formed also CgH 3 Fr(OH)(SO,H). From cumenol and H^SO* 
by potash-fusion from cumene o-sulphonio acid (Jacobson, B. 11, 1062). The Ba salt forma crys- 
(Spica, 0, 9, 433). Its aqueous solution is tallino crusts. Its solution is coloured violet by 
coloured violet by FejCl,. It gives a bromo- and FejCb,. 

a tri-nitro- derivative. Sodium and CO^ gives CUKIEHTL. A name sometimes applied to 
cumenol carboxylic acid and di-oxy-di-isopropyl- the radicle cumyl 

diphenyl-carboxylic acid. PBrj gives bromo- CTJMENYL-ACRYLIC ACID t>. OoMVL-AOBtiio 

eumene and (C,H 4 FrO) 4 PO (c. 378 at 280 mm.), acid. 

whence alcoholio EOH forms (CgH 4 prO) 2 (HO)PO. CUMIC v. Cdminic. 

Acetyl derivative C 4 H 4 PrOAc. (229°). CtTMIDIC AcID v. xylene DicAiinoxYuo acid. 

S.G. 1*03. Liquid, decomposed by prolonged o-CUMlDfNE 0„H„N i.e, C 4 H 44 ’r(NHJ[l: 2 ]. 

boiling with water. (215°). Formed by distilling amitlo-cuminio 

Methyl ether C^HiPrOMe. • (199° cor,). acid with baryta (Fileti, O. 13, 379). Formed 
Ethyl ether 04 H 4 PrOEt. (209° cor,), also, together with the following, by nitrating 
S.G. £ *9444. cumene and reducing the product (Constam a. 

p-Cumenol C 4 H 4 Pr(OH) [1:4]. [61°]. (229° Goldschmidt, B. 21,1157). Converted by passing 
cor.). From cumene p-sulphonic acid by potash**- over red-hot PbO ir^o indole, 
fusion (Patem 6 a. Spica, G 6 , 635). Formed Salts.—B'lICl: targe prisms.—BH. 403 O 4 aq; 

also by heating C 4 H,(CO 4 H)Pr( 0 H) [1:8:6] with [173 ]; long prisms. 

oOnc. HCl at 180' (Jesurun, B. 19, 1416). Acetyl derivative C^„NHAo. [72®]. 
Fe-CL colours the alcoholic solution green. Tufts of needles. 

Acetyl derivative Ofi.PiQAo, (344° p-Oumidine C 4 H 4 Pr(NH,)[l: 4 ]. (226°) (N.)t 

cor.). 8 .G* ^ 1*026. (219°) (C. a. G.). S.G. *953. Formed by reducing 
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tdtro-etime&d (irom ouminio acid) (l^ichoUon, I 
<4. 65, 68 ). From aniline, isopropyl alcohol, 
and ZnOL at 270'* (Louis, B. 16, 111). May be 
solidified by cold. — li'HCl. — B'.^Pt01g. — 
B'HNOg.—B'AN j: long needles 
(Hofmann, ii. 66,145). Oxalate B'jHjC 2042 aq; 
[169"] (Constam a. Goldschmidt, B. 21,1167). 

Acetyl derivative 0,,H, ,NHAo [102"]. 

^.-Cumidine OgH,Mo,(NHj)[l:3:4:5]. [36®]. 

Formed by reduction of nitro-(pseudo)-cumone 
[20®] (Edlor, B. 18, 630). Colourless crystals. 
Easily volatile with steam. 

S alts.—B'HCL fine felted needles.—B'HNOj: 
small glistening plates. The oxalate and sul¬ 
phate are sparingly soluble in cold water. 

Acetyl derivative [194®]; long prisms; 
nearly insol. ether. 

t^-.Cmnidine C,.H,Me,(NH,)[l:2:l:6]. [ 68 ®] 

(Auwers, B. 18, 2661); [63®] (H.). (235®). Crys 
talline solid. 

Sprmatiim.—l, Occurs in the crude cumidme 
obtained by hoatigg xylidinc hydrochloride with 
methyl alcohol at a high temperature under 
pressure (Hofmann a. Martius, B. 4, 747; 13, 
1730; Hofmann, B, 16, 2896; cf. Nolting a. 
Forel, B. 18, 2680).—2. By nitration and reduc¬ 
tion of pseudocumcne (Schaper, Z. 1867, 13). 
Largo prisms. Nitrous acid converts it into 
C,H 2 Mej.N,.C,HMeH(N[I.), whence may be ob¬ 
tained C,H>Ie,.N,.C„HMe 3 N,Br, [124®], 

CaH,Me,.N2.C.,nMe,.N3 [ 91 "’ 


[85°] and 

C,H,Mo,.N,.C.HMe,,.NjH [ISS”] (Zinoka a. 
Jaencke, B. 21, 516). 

Salts.- B'lICl: thick prisms, sol. water, si. 
sol. dilute HCl. B'.IX.Cl.PtCl,: tine needles, 
decomposed by boiling water (Do Coninck, Bl. 
[ 2 ] 46, 131).—ByijSnCl*: laminiB.—B'HsPO* 
(Lewy, B. 19, 2729). 

Acetyl derivative C^H^MOjt.NHAc: [164 ]; 
(360®); thick white needles; v. sol. alcohol and 
acetic acid, insol. water (Auwers, B. 18, 2661; 
cf. N5Uing a. Baumann, B. 18,1145). 

Formyl derivative CgHjMoj.NH.COH: 
[ 121 ®]; colourless prisms; Y. sol. alcohol and 
ether, nearly insol. water. 

Thioformyl derivative 
0,H,Mo,.NH.CSH. Formed by heating tho for¬ 
myl derivative with P^Sj (Senior, B. 18, 2296). 
i|/.Cumidine CgHJlej.NH^. (224°). 
Pr^arafion.--Tho solid hydrochloride ob¬ 
tained by adding cone. HCl to orudo coml. oumi 
dine is baaified with NaOH and fractionated 
The fraction o. 225®-227® is boiled with acetio 
icid for twelve hours, and the product crystal 
Used from alcohol; a small quantity of acetyl- 
mesidine crystallises out, and the mother-hquors 
jontain tho acetyl derivative ol the new oumi- 
iine, which is obtained pure by several crvstal- 
isations from water, and finally converted into 
;he base by saponification with solid EOH. 

Salts.—B'HCl: white needles; v.sol. water, 
learly insol. oono. HCl. The platino-ohloride is 
nsol. water, si. sol. alcohol. The nitrate is less 
loluble than the sulphate# _ _. - vttt » 
Acetyl derivative CjHjMe|.Ni^o. 
112®]; oryfltaUine solid (Engel, B. 18,22^). ^ 
cinldine 0 ,H,Me.(NH,)[l: 2 ; 3 : 4 ] ? Bmt- 

lellithidine} Amido-c-tri-methyl-bmime. 

240°). From o-xylidine hydrochloride and 


MeOH at 810° (HSlting a. Forel, B. 18,2680), 
Liquid. 

Acetyl derivative 0,E,Me,(NHAo). 
[above 180®]. 

i^-Cumidine 0 ,H 2 Me,.NH,[l: 8 : 4 : 2 ]. (236® un- 
oor.). Liquid at -15®. Obtained from nitro-^- 
oumi(iine (from tri-nitro-if'-cumene) by elimina¬ 
tion of tho NH, group by the diazo- reaction 
and reduction of the nitro-4'-cumene [30®], which 
is obtained with SnClj (Mayer, B. 20, 971). 
Probably identical with the t|'-oumidine obtained 
by Nolting and Forel (B. 18, 2680) by nucleal 
methylation of the o-xylidine 04 H,MejNH 2 [ 2 : 3 :lJ. 

Acetyl derivative C^Me,(NHAc). 
[186®]. 

n-Cumidine v. Amido-phbnyl-pbofai^e, vol. i. 
p. 179. 

Isomeride of oumidine v. PuEMyn-PiioPi^ 

AMINE. 

CUMILKf ACID C.;oH,40, i.e. 
(C,H 4 (C,H,)),C(OH).COjH ? [120°]. Prepared 

by fusion of ouminil with KOH; yield 70 p.o. 
(Bosler, B. 14, 326). Fine white needles. Sol. 
alcohol, ether, «nd benzene, si. sol. water. 
CFMINAL-ACETONE v. Mbthvi. propil* 

STraVL KETONE. 

Di-cuminal-acetone v. Di-pkopvl-pi-sttbil 
KETONE. 

CUfillNDIQO V. Dr-isoPii()PYL-iNDiQO. 
CUMINIC ALCOHOL v. Cuminyl alcohol. 
o-w-CTJMINIC ACID C.eH.A 
C„H,Pr(COjH) [1:2]. o-n^Propyl-bemok add. 
Mol. w. 164. [ 68 ®]. From phthalyl-propionio 
acid, cone. HIAq (lOpts.), and red phosphorus 
(1 pt.) (Gabriel a. Michael, B. 11,1014). Slen¬ 
der leaflets. 

p-tt-Cuminic acid OgH 4 .Pr(COjH) [1:4]. p-fh 
Propyl-benzok acid [140®]. 

i'&rmaiion. — l. From p-bromo-n-propyl- 
benzene, sodium, and COj (It. Meyer, J. pr. [2] 
34,102).—2. From C,H,PrFr by oxidation (Pa- 
torn 6 a. Spica, B. 10,1746).—3. From C 4 H 4 Pr, 
and dilute HNO, (H. Korner, A. 216, 228). 

Properties.—h&miniB (from water) or needles 
(from dilute alcohol). SI. sol. boiling water. 
Volatile with steam. KMnO* gives terephthalio 

SaltsCa A'.; 3aq: slender satiny needles.— 
8 rA' 22 .Uq.—BaA'.. 2 aii.—PbA', 2aq.- AgA'. 

Nitrile C.n.ir.C^. [227®]. From p-propyl- 
phenyl thiocarbimide and copper powder at 220 
(Francksen, B. 17, 1229). Liquid. Saponified 
by oono. HClAq at 200®. 

o-Cuminio acid CgH 4 Fr.COjH [1:2]. Form^ 
by fusing a salt of cumene-(^)- 8 ulphomo acid 
with an excess of sodium formate; the yield la 
10 p.o. Sublimable. Volatile with steam. V. 
sol. alcohol, ether, <fto., insol. cold water. Ou* 
dationwith KMn 04 gives o-phthalio acid. Its 
alkaline salts are excessively soluble.—A Ag: 
insoluble white pp.-A'. 4 Ca 2 aq: small soluble 
needles.-AOia 2aq: solubleneedles.—A',Mg 6 aq; 
very soluble needles.-A'jPbaq: very sparingly 
soluble white powder.—A',Cu 2 ^aq: very spar¬ 
ingly soluble blue-green amorphous pp. 

Chloride C,H 4 pr.C 001 ; yellowish oil, T. 
sol. ether and chloroform. 

Amide C,H 4 Pr.OO.NH,; [124® nnoorj; 
small needles; v. sol. alcohol and ether, v. sL 
sol. water (Claus a. Schulte im Hof, J3. 19, 
8013). 
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B-iiieiiBiinio »old C,H,Pr(OOjH) 
ril7»l (M.). H.C.v. 1,239,000 (Berthalot a. Lou- 
^fcina, A. Ch. [6] IS, SS8). 

'Formation.—1. Frombiomo-iBO-propyl-bena- 
ene, Na, and CO; (S. Meyer, m 34,100).— 

8 . By tbe oxidation ol ouminio aldehyde or oil 
ol cumin (Gerhatdt a. Oahonrs, il. Cfc. [S] 1,70; 
Beilatein a. Knpffet. B. 6 , 1184; A. 170, 302; 
Ijippmann a. Lange, B. 13, 1600; Meyer, A. 
219, 244).—3. Cymene when taken internally 
pauses into the urine as onminio acid (Nencki a. 
Ziegler, B. 5,749; cf. Hofmann, A. 74, 342). 

PropcrfiM.—From water (3 pis.) and alco¬ 
hol (1 nt.l it separates in triolinio needles; 
iKbas - •6742:1:-8072; a=86° 66', @ = 

7»106® 65' (Groth; c/. Panebianco, Q. jl)- 
V. sL sol. cold water, v. aol. alcohol and ether. 
^onTerted into cumene by distillation over lime. 
Chromic mixture oxidises it to terei>hthaUo acid. 
KMnO, forms, as an intermediate product, oxy- 
propyl-benzoio acid (CH 3 );C( 0 H).C,H,.C 02 H 

***88 Ub.—B aA',2aq: laminie. S. ^96 at 
20-6°.—CaA'.Saq: needles. S.'*81 at 20-6 .— 
MuA'.Caq: laminte. S. *825 at 20*5®. AgA.. 

stfterEtA'. (240°). V.D.6-65. 

Phenyl ether PhA'. [58°]. Frompotas. 
eium-phenol and the chloride of the acid (Wil* 
liamson a. Scrugham, Pr, 7, 18). Also formed 
by distilling cummyl-salicylio acid (Kraut, */. 
1858, 406; Ar. Ph. [2] 90, 271). 

etfc«rC.H,(O.HJ(OMe)A'. ■Tables 
(Cahours, A. 108, 323; A. Oh. [3] 41, 491). 

ifnA«<iride(0;H.Pr.CO);0. Oil(Gerhardt, 
.d. 87,77; ACT*. [3) 37,304). ! 

Peroxide (C.H,Fr.CO)A. Needles (from 
ether). Explodes when heated (Brodie, P. 121, 
872; Pr. 12, 655). 

ChlorideC,B,PT.COa. (257°). S.G.141-07. 
Idqnid (Cahours, A. 70, 45; A. Oh. [.3] 23, 347). 

Amide C.H.Pr.CONHr [154°] (F.); [o. 
157°] (G.). Foimation.—l. By heating ammo- 
nium ouminate (Field, A. 66 ,49).-2. From the ! 
nitrile and alooholio KOH.—8. From tbe anhy¬ 
dride and NH, (Gerhardt, A. 87 , 167).^ 4. By , 
■ beating enminio acid (164 g.) with potassium sul* j 
phooyanide (60 g.) for 6 hours with inverted con- , 
denser at 240°, and then for 1 hoar at 300°. The | 
nitrile is formed at the same^ime (Fileti, G. 16, ] 
281).—6. By the action of chloroformamide ; 
OCGiHJCl upon cumene in presence of A1,C1, i 
(Gattermann a. Schmidt, A. 244, 64; B. 20, \ 
860). Properties.— Biaxial crystals, insol. cold 
water, sh sob ether, v. sol. alcohol and hot benz¬ 
ene. When boiled with water and yellow HgO 
it forms (CA.^-CO™)rH8 IM- **»*“*» 
tallises in neemes [190°]. 

AniUde C,H,Fr.OONHPh. Long wtmy 
needles (from alcohol). SI. sol. alcohol (Cahours, 
it. Cfc. [8] 23, 849). o 

Benz4n$ sutphamidz ^ 

CAPr.COJtH.80.;Ph. [161°]. From cnmmyl 
chloride and the amide of benzene snlphomc 
aeid (Gerhardt a. Chiozza, A. Ch. [8] 48, 161). 
Prisrns. AgNO, and a Uttlo NH, give needles 
of OA^-CO'NAg.SO,Ph, which forms a orys- 
talline compound with NH, 

. benaoyl privative 
is formed as a erystaUme mass by treating 
ig]^s.60,Pb with oaminyl chloride. 


o-Oxy-bemamide 

0,H,Pr.CO.NHfCO.C.H,.OH. From salioylamidt 
and oaminyl chloride. Needles. „ 

Nitrile C,H,Pr.ON. (244° i.V.). “ 

•765. Formed by heating the amide (tield, 
Mem. Chem. Soe. 3, 408; A. 65, 61), or by hea.t- 
ing cuminic acid (2 mots.) with KCyS ^ mol.) 
(Letts, P. 6,674; Fileti, 0. 16, 282). Formed 
also by treating potassium ouminate with CyBr 
(Cahours, A. OK [3] 62, 201; A. 108, 326). 
Liquid, si. sol. water, v. e. sol. alcohol and ether. 

^-Cuminic acid C,H,Me,(COA) 

Durylic add. Tri-methyl-be^zoUs acid. [149 ]. 

Formation.—1. By boiling durene with dilute 
HNO, (Jannasoh, Z. 1870, 449) or with the cal¬ 
culated quantity of CrO, in HO Ac (Giasmann, A. 
216, 205).—2. By lasing potassium +-oumeno 
sulphonate with sodium formate (Router, B-11> 
31 ).—3. From the nitrile (Nef, A. 237, 8).— 

4. By hydrolysis of its amide h. infra). 

Preparation. —Durene is boiled for 8 for 4 
hours with dUute HNO, (1 voLof HNO, (1-4 S.G.) 
to 3 vols. water). The product is filtered off, 
extracted with Na;CO„ and the solution pr^ipi- 
tated with HCl. The crude acid is filtered off, 
treated with tin and HCl to remove nitro- com¬ 
pounds, and distilled with steam. The yield is 
40-50 p.c. of the durene (Nef, B. 18, 2801). 

Properto.—Needles (from benzene). V. si. 
sol. boiling water, v. e. sol. alcohol and ether. 
Volatile with steam. 

Salts.—CaA',2aq.-BaA';7aq: prisms. 

Amide C.H,Me..CONHr [201°]. From ♦- 
cumene and chloroformamide Cl.CONH, in pre¬ 
sence of AijCl, (Gattermann, A. 244,64). Needles 
(from dilute alcohol). 

Nitrile [68°]. (250°). Formed by the m- 
tion of CuSO. and KCN upon diazo-pseudo- 
cumene (Haller, B. 18, 93). Long colourless 
needles. V. soL alcohol, ether, benzene, and 
licToin. insol. water. . ^ 

(а) -Cnminio acid C,HjMe,(CO,^) [1:2:3|6]. 
[216°]. (Fj-Isoduri/lie acid. Formed together 
with the (S) and (-r) isomerides by oxidation of 
isodurene with HNO,. Distillation imth lime 
yields hemimellithol. — A'JBa 4aq: ““f “J® 
needles. — A'Ca6aq (Jacobsen, B. 16, 1865; 
Bielefeldt, A. 198, 384). 

(б) .Caminio acid C,H,Me,(COA) [1:3:6:2]. 
(8).Isodurylie add. Mesitylene carboxylic Mvi. 
[151°]. Formed together with the (o) and M 
isomerides by oxidation of iso-durene with 
HNO. (Jacobsen, B. 16, 1855). Distils without 
decomposition. Thick glistening prisms. On 
distillation with lime it gives mesitylene. 
CaA'.2aa : microsoopio needles. 

( 7 )-Cnminic acid C,H;Me,(COJH) [1;2:4;6]. 
♦-Cumene carboxylic a/dd. (y)-Ieodi^lic a^. 
[85°]. Formed together vrith the (e)- and W- 
isomerides by oxidation of isodurene with HNO, 
(Jacobsen, B. 16,1866). Distils without decom¬ 
position. Volatile with steam. NeeiBos. Sol. 
alcohol, ether, and hot water, nearly msoL cold 
water. On distillation with lime it gives pseudo- 
oamene. 


Salts.— A'K": extremely soluble amorphous 
solid. — A',Ba’‘: nnorystalUsable. — A'jCa fitq : 

microscopic needles. __ m-j 

c-OuiAaio acid O,H5M:eJ0Ojp)[ia:8:4);JVi. 
methvl-benMoieaoid.^e8^ 
tiou oi (Donfaootiw tttnuafwiyl-bwiitiii 
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boiling for 12 hours with dilute 
WNO,. Long glistening prisms. • V. e. sol. hot 
aloohol. Volatile with steam. By distillation 
mth lime it yields the conseoatire tri-methyl 
benzene (hemimellithene) (Jacobsen, B. 19,1214). 

BtfireTiees, •— Ahido-oduimio acid, Brosco- 
OUMDnO ACID, NiTRO-OCMINIC acid, Oxt-CUMINIO 
ACID. 

CUHIHIC AILEaYDEO,oH„0».e. 

C^^(0,H,).0H0 [1:4], CuminoL IsopropyU 
benzoic aldehyde. Mol. w. 148. (237-6’^ cor.) 
iSchiff); (222® cor.) (Lippmann a. Strecker, Site, 
W. [2] 78, 670). a ’9832; »L< -9727. V.D. 
6*24^ (oalo, 5’18). Occurs, toge^er with cymene, 
in oil of Guniin (fr^ Cuminum Cyminum), and 
in the volatile oil Irom the seeds of the water- 
hemlock {Cicuta virosa). It is separated from 
these oils by KHSO, (Gerhardt a. Cahours, 
A. Oh. [8J1, 60; Bertagnini, A. 85,275; Kraut, 
A. 98, 866; Trapp, A. 108, 886). Formed by 
boiliiJg C,H,. 0 ,H 4 .CH;,C 1 with lead nitrate and 
water (Errera, G. 14, 278). Formed also by 
treating cymene (I mol.) with CrO^Cl, (3 mols.) 
in CSj, without cooling, and decomposing the 
product with water (Etard, C. ii. 90, 634). The 
cuminic aldehyde (220°) so formed is perhaps 
identical with ordinary cuminic aldehyde. On 
oxidation it gives a cuminic acid [129®], whence 
potash-fusion gives p-toluic acid. 

Pnperties. —Oil, smelling like oil of cumin. 
Oxidises in the air, becoming resinous. 

Reactions. —1. Cold fuming HNO, gives p- 
iso-cuminio acid. Hot HNO, forms nitro-iso- 
cuminic acid.—2. Chromic add mixture gives 
p-iso-cuminio and finally tcrephthalio acid.—3. 
Cl and Br act by substitution.—4. NH, forms 
hydrocumin-amide a thick liquid (Gerhardt 
a. Cahours; Borodin, B. 6, 1253). According 
to Uobel (A. 246, 303) it is a stellate mass [65®] 
which may be reduced by sodium amalgam to 
cuminyl-amine and di-cuminyl-aminc, and is 
converted by dilute acids into NH, and cuminic 
aldehyde. Sieveking {A. 100, 367) could not 
obtain it. Aqueous NH, at 130® forms an isome¬ 
ric base [205®] which forms a sparingly 

soluble sulphate [192®].--6. Ammonium sulphide 
forms (C,aH,,S)j.—6. Boiling aqueous and alco- 
holic j^tash form cuminyl aloohol and p-iso- 
ouminic acid.—7. Potash-fusion gives p-iso-ou- 
minic acid and cymene.—8. Heating with potas¬ 
sium forms C,pH,,OK(?) (Chiozza, A. 87, 802; 
c/. Church, P. M. [4] 26, 622).—9. In ethereal 
solution it is partly converted by treatment with 
sodium amalgam into the sodium derivative of 
hydrocuminoln C,H,rr.CH(OH).CH(OH).0,H,Pr 
[135°] (M. Wallach, A. 226, 78; cf. Claus, 
A. 137, 104).—10. Acetamide at 176° gives 
0,H,(C,H,)CH(NHAc)j ^212°] (Uaab. £. 8, 
1160),—11. liemamide gives in ihe same way 
CrtH,(C,H,)CH(NHbz )2 [224®] which crystallises 
from alcohol in needles, insol. water (B.).— 
12. Kthyicne - diamine at 120® gives 
(C,H,.C,H,.CH:N),C,H, [64®J (Mason, S. 20, 
267). — 18. Hydrogen cyanide and HOI give 
C,H.(0,H,).CH(OH).CO^.-14. Distillation over 
ZnOl, ^ves cymene rLougtinine, 2. 1867, 861). 
16. With butyric aldenyde and butyric anhydride 
it gives 0,H,.C,H^.CH:0Et.CO,H (Perkin). 

Cewb^fion.—0,^„(OH)(SO,Na) aq: 
needles, sol. water.. msoL cold alcohol, ether, 
And aqneoai NaHSOg. 


0,H«(C,H,).CH;N.C,H,(NMe,): [29®]; smalTglis-. 
Umng crystals (from alcohol) (Nuth, B. 18, 
673). 

Oifm C„H,rNOH. [62=]. Formad by th« 
fSr ^ of hydroxylamine on cuminic aldehyde 
(V^stehberger, B. 10, 2994). SI. sol. water. 

Derivatives of cuminic orthaldohyde. 

Diacetyl derivative C,H,(C,H,)CH(OAc)j. 
Obtained by the action of rilver acetate on. 
0 ^ 4 ( 0 ,H,)CHC1, (from cuminol and PCI j. Crys¬ 
tals (Sieveking, A. 106, 268). 

Di^benzoyl derivative 
C,H,(C,H,).CII(OBz) 3 . [ 88 ®]. Needles (Ttttt 
scheff, A. 109, 368). 

Di.thymyl aerivative 
C,H,(C 3 HACH( 0 C,„H, 3 ),, [157°]. From 
0,H^(C,H,).CHC1.,, thymol, and KOH (Engel- 
hardt a. Lat 8 <^inoff, Z. 1869, 43). Tables. 

Cuminoin i.e. 

C,H,(C,H,),C(OH)H.CO.C,H,(C,H,). [101®]. Pre- 
pared by boiling cuminic aldenyde with alcoholic 
KCN; the yield is about 45 p.c. (Busier, B. 14, 
323). Slender# white needles; sol. alcohol, 
ether, and benzene, si. sol. water and ligroin. 
It reduces Fehling’s solution in the cold. Alco¬ 
holic KOH gives a violet colouration. 

Acetyl derivative Os^K^OiOAo): [75°]; 
tables or prisms (Widmann, B. 14,609). 

Sydroenminoitt 

C,H,.C,H,.CH(OH).CH(OH).C.H,.C,Hy. [135°]. 

Formation. — 1 . From cuminoin and sodium 
amalgam.— 2 . From cuminic aldehyde by treat¬ 
ing its ethereal solution with sodium amalgam 
or with alcoholic HCI and zinc (Claus, A. 137, 
104; Baab, J3.10, 54).—3. Its di-acetyl deriva¬ 
tive is formed by heating cuminic aldehyde with 
NaOAc and ACjO at 160° (Widmann, B. 19,256). 

Properties. —Small needles (from dilute alco¬ 
hol). Insol. water. Oxidised by cone. HNO, to 
cuiniriom. Pentachloride of phosphorus gives 
C,H,.C.H,.CHCl.CHCl.C,H«.C,Hy [185®]. 

Di-acetyl derivative [144°]. 

Deozy-cuininom 

C,H,.C„H,.CH 3 .CO.C,H,. 0 ,H,. [ 68 °]. Fromeu- 
minic aldehyde by treatment with zinc and aloo- 
I holio HCI (B.). Slender lamime (from dilute 
I alcohol); v. si. sol. water. 

Cuminil CaoH^O, i.e. 

C.H,(C,H,).CO.CO.C,H,(C,H,). [84°]. Yellow 
prisms. Sol. alconol, ether, and benzene, v. si. 
Bol. water. Distils undecomposed. Prepared by 
oxidation of cuminoin with chlorine. On fusion 
with caustic potash it gives rise to oumilio acid 
(C 3 H,.C,H,),C(OH).C 03 H [120®] (Bdsler, B. 14, 

Loouminio aAehyde 0,,H,jO. [80°]. (220°). 
Formed together with the liquid aldehyde 
by the action of water upon the compound 
0 ,,H,, 2 Cr 02 Cl„ obtained from cymene derived 
from turpentij^e (Etard, A. Ch. [ 6 ] 22,259). Solid 
resembling camphor. Oxidised by the air to a 
ouminic acid [61°]. 

CDMIKOL V. CuuiNio aldshtdx. 

!• ODMINDBIC ACID C„H„NO, U. 
[4:13C,H,(C,H,).C(J.NH.CH,.CO,H. [168°], Oo. 

! ours in the urine of animals who have been given 
doses of oymene (Jacobsen, B. 12,1612). JeW* 
pared by the action of ouminyl ohioride on gly* 
oocol-silver (Cahours, A. OA.{J] 68 , 866 ). Glitten- 
iQg scales or large plates. Insol. oold water, % 
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water and alcohol. On heating with 
HOI tQ 120° it decomposes into glyoocol and 
caminio acid [117°]. 

Salts.—^BaA',aq: leaflets or flat needles, 
S. *46 at 6°.— GaA'jSaq: fine needles, si. sol. 
cold water.—KA' and NaA': very soluble fine 
needles. * 

DI-CUMIKYL i.e. 
0,H,.C^,.CH,.CH2.9 (above 360°). 

From ouminyl chloride and sodium (Cannizzaro 
a. Bossi, A. 121, 251). Plates. 

CBMINYL ALCOHOL C„H„0 i.e. 
C^^Pr.CH^OH [4:1]. Mol. w. 160. (247° cor.). 

S. G. 12 '978. Formed, together with cuminic 
acid, by boiling cuminic aldehyde with alcoholic 
potash (Kraut, A. 92, 66; 192, 224; Filoti, G. 
14, 498). Liquid, miscible with alcohol and ether. 
Boiling with zino-dust converts it into w-cymene, 
the Probanging to Pr. Boiling aVoholic KOH 
forms cuminic acid and cytnenc. Boiling with 
small quantities of dehydrating agents converts 
it into di-cuminyl oxide. 

CI71fnna..AMII)O.FHSKOL 

H 0 .C,H 4 .NH.CH 4 . 0 ^H,Pr. Oxy-phenyUczivimyh 
amine. [108°]. Formed by reducing with sodium 
amalgam the product obtained by the action of 
cuminol on amidophenol (Uebel, A. 245, 207). 
Greyish white plates. V. e. sol. alcohol, ether. 

Salts.—C,aH,,NH(ONa). V. sol. water, giv¬ 
ing a red solution.—B'HCl. White plates. V. sol. 
alcohol, hot water, m. sol. cold \\ater. 

Nitroaamine CjgHuOHN.NO. Yellowish 
brown crystalline substance. V. sol. alcohol, 
ether. 

CUMINTL-AMINE C,oH,sN i.e. 
C^,(C,H,).CHj.NH2[1:4]. Kro-amulo cumene. 
Jsopropi/l-beneyl-amine. (226° at 724 ram.). 
Prepared by reduction of the oxim of cuminic 
aldehyde, C,H 4 (C,H,).CH:NOH (5 pts.), with so¬ 
dium amalgam (160 pts.) and acetic acid (12 pts.) 
in alcoholic solution at 40°-50°; the yield is 
good (Goldschmidt a. Gessner, J3. 20, 2113). 
Formed also, together with di- and tri-cuminyl- 
amine, by heating cuminyl chloride with alco¬ 
holic NH, at 100° (Rossi, C. li. 51, 570; 
A. Suppl. 1,141). Also from thio-cuminic amide 
C^f.C^f.CS.NH], zinc and alcoholic 1101 
(Czumpelik, B. 2, 185). Colourless liquid, of 
basic smell. Nearly insol. water. Absorbs CO^ 
from the air, and solidifies to'^ a crystalline car¬ 
bamate. 

Salts.—B'HCl: glistening colourless plates, 

T. sol. water and alcohol.—B'jHjClFtOl^: neai ly 
insoluble yeUow pp. 

Acetyl derivative C„H„(NHAc): [65’]; 
pearly plates; y. sol. alcohol, ether, and benzene, 
si. sol. hot water and hot ligroi'n. 

Bi-oumlnyl-smine (C,H,.OaH 4 ) 2 NH. [168°]. 
(c. 290° at 100 mm.). Formed as above (R.). 
Formed also by the action of sodium amalgam 
on the product of the action of dry Nil, on cu- 
minio ^dehyde (Uebel, A. 245, 309). Crystals, 
insoi. water, t. sol. alcohol and ether. Forms 
a ciWBtallme nitrosamine. „ 

Salts.—B'HCl: plates (from alcohol); v. 
•1. sol. cold, m. sol. hot, water, y. e. sol. ^cohol. 
—yellow needles. 

tri-cuminyl-amine [82°]. 

Formed as above (B.). Its hy«o<mloride forms 
needles, insoL water. 


CtTHINTL-OABBAHATE 

NH2.C08.CHj.C|H 4.0,H,. [89°]. Formed, to¬ 

gether with «-chloro*oymene, by passing cyano¬ 
gen chloride into cuminyl alcohol (Spioa, O. 6, 
394). Prisms, not volatile with steam. SI. soU 
cold, V. sol. hot, water. 

CUMINYL OHCiORIBE v. a’-Cbloro-oyuxmb. 
CUMINYL-ETHYL OXIDE C„H,Pr.O.Et. 
(227°). From w-ohloro-cymene and alcoholic 
KOH CRrrera, G. 14, 282). 

CUMINYLIDENE-ACETONE 
CH 3 .CO.CH:CH.C,H,Pr. (181° at 23 mm.). From 
acetone (20 pts.), cuminic aWehyde (20 pts.), 
water (300 pts.), alcohol (17(f pts.), and NaOH 
(2 pts.) in the cold (Claisen a. Ponder, A. 223, 
147). Thick yellowish oil. ' 
Di-cuminylid8ne.acetone(0«H,Pr.CH:CH)aCO. 
[107°]. From cuminic aldehyde (20 pts.), ace¬ 
tone (1 pts.), water (300 pts.), alconol (250 pts.), 
and NaOH (2 pts.), in the cold (0. a. P.). Lepg 
light-yellow prisms (from alcohol). « 

CUMINYLIDENE-AMID0-PHE50L 
HO.C«H,N:CH.C,lI,Pr. [183°]. Formed by the 
action of amidophenol on an alcoholic solution 
of cumiuol (Uebel, A. 246, 296). Green pris¬ 
matic needles (from alcohol). Is converted by 
sodium amalgam into cuminyl amido-phenol. 

CUMINYLIDENE CHLORIDE u. ww-Di- 

CHLOBO-CYMKNE. 

DI-CUMINYLIDENE-ETHYLENE-DIAMINE 

C 2 ,.H.«N^ i.e. C,^,{N:CH.C„H,Pr).,. Di-isopropyU 
bcnzyluicne-etliylene diarnine. [64°]. Formed 
by heating ethylene diamine (1 mol.), with 
cuminic aldehyde (2 mols.) to 120°. Long white 
needles. Easily soluble in alcohol, benzene, 
chloroform, and petroleum-ether. Decomposed 
into its constituents by acids or by heating with 
water (Mason, B. 20, 270). 

CUMIN V LIDENE - DLMETHYL-p-PHENYL- 
ENE DIAMINE Pr.C,H,CH:NO,H,NMe;. [100°]. 
Formed by the action of Pr.C^H^.CHO on di- 
methylanilino (Uchel, A. 245, 299). Lemon- 
yellow needles. V. sol. alcohol and Ithcr, insol. 
water. Is decomposed by acids or alkalis into 
its components. 

CUMINYL -DI. METHYL.p -PHENYLENE 
DIAMINE Pr.C,H,.CH,.NH.OaH<.NMe3. [39°]. 
Formed by reducing cuminylidene-di-methyl-p- 
phenylene-diarnino with sodium amalgam in an 
alcoholic solution (Uebel, A. 245, 300). Colour¬ 
less prismatic plates. V. e. sol. alcohol and ether. 
Gives a nitioso- derivative [87°], crystallising in 
yellow needles. The hydrochloride is v. soL 
water, v. e. sol. alcohol, and si. sol. ether. 

DI-CUMINYL OXIDE C^H^O i.e. 
(CJI,Pr.CH„),0. (350°). 

Formation. ~ 1. From C,,H,Pr.CH^ONa and 
C..II,Pr.CH,Ci (Fileti, 0. 14, 496).—2. By distil¬ 
ling cuminyl alcohol witli dilute HjSO,.—3. Ona 
of the products of the action of alcoholic potash 
on cuminic aldehyde. 

Properties.—Oil. Boils at 350° with partial 
decomposition i nto cuminic aldehyde and cymene. 

COMINYL-PHENOL C„H,.0 i.e. 
C,H,.C„H,.CH,.C,H 40 H. (300°) at CO mm. 

Formed by treating la mixture of phenol and 
cuminyl alcohol with HOAo and H,S 04 (Paterod 
a. Fileti, 0. 6, 383). 

CUMINYL THIOCABBIUIDE 
C,H 4 Pr.CH,NCS. (246°-270«), From di-cumi. 
nyl-tbio-urea and (Baab, B. 10,62). 
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cTjttratv’tHio-'om ] 

0,H,(OaH,).OH,i.NH.CS.NH,[l‘.4]. Pdopyl-beuz^/l- ] 
thio^urecb. PoTcaed by mixing solutions 

o! ammonium sulpbocyanido and oumybamine 
hydrochloride, and evaporating to dryness. Co¬ 
lourless plates (Goldschmidt a. Gessner, B. 20, 
2416). 

Si-euminyl-thio-nrea 

1C,H,(C,H,).CH,.NH{,CS[1:4]. Di-p-propyUdu 
henzyUthio-urca. [1*28°]. Formed by the action 
of alcoholic sulphide of carbon upon cumylamine 
C,Ji,(C 3 H,).CH,,.NH^,. Glistening needles (Raab, 

B. 10, 63; Goldschrmdt a. Gessner, B. 20,2416). 
CUMINYL.UREA C„H„ON..t.e. 

C„H,(C,H,).CH,.NH.CO.NH, [1:4]. PropyUben- 
zyl-urea. [135'^]. Formed by warming a solu¬ 
tion of cumylamine hydrochloride with potassium 
cyanate. Slender white needles {from hot water) 
(il.iab, B. 8, 1161; Goldschmidt a. Gessner, B. 
20, ^14). 

Di-^minyl-urea (C,H,.C,H,.CH,.NH),CO. 
[122'^J. From cuminyl cyanate and cuminyl 
amine (Raab, B. 10, 52). Small needles. 
CUMONZTRILE v. Nitrile of cuminio acid. 
CUMOPHENOL v. CuMJiNoL. 

CD MOQUINOLIN'E v. {iso)-PaoPYL-QDiNOLiNB. 
^-CUMOQUINOfSE OJlMe.O, [2:a:5;4;l]. 
[ll'^j. Formed by oxidising isoduridino 
C„HMe,(NH.J [2:3:5;4:1‘1. Needles (from water). 
Lupud above 11°. Itcducod by SO._. to hydro- 
cumoquinone C,IlMo,(011)2 [1G9°J (Nolting a. 
Baumann, B. 18,1152). 

^I'-CUMOQUINONE CARBOXYLIC ACID 
C„Me,O..CO,H (l:3:4:2:r»:0). [128°]. Formed 

by oxidising an aqueous solution of the chloride 
of di-amido4ri-methyl-benzoic acid with Fe_.Clg 
(Ncf, A. 237, 11). Golden yellow needles. V. 
sol. alcohol, ether, chloroform, ra. sol. petroleum 
ether. 

Beacfwtw. —Liberates CO,; fiom carbonates; 
Bol. alkalis ammonia with yellow colour. 
Hydroxylamino yields an unstable quinonooxira. 
n.N’Os (1.4) yields nitro-tri-mcthyl-qninono. Re¬ 
duced by zinc-dust and aqueous NaOlI to di-oxy- 
tri-raethyl-benzoic acid. The Ag, Fb, I3a, and 
Cii salts are all yellow. 

Ethyl ether [61°]. Yellow 

needles. V. sol. alcoliol and ether, m. sol. ligrom. 
CUMOSTjRIL u. [Py. 3)-Oxy-(B. 3).iaopRo. 

PTL-QtllNOUNK. 

CUMYI. This name is sometimes given to 
the railicles cuminyl CuH,,.CH; and cnminoyl 

C. ,H,,.CO, but it is used in this dictionary to de¬ 
note the radicle 0,11,,; cumyl being propyl- 
phenyl. while il'-cumyl is w-tri-methyl-phenyl. 

CUMYL-ACRYLIC ACID i.e. 

C,H.(C,H,)CH:CH.C0,;H Isopro}>yl-cm- 

tuimic acid. [158°]. From cuminio aldehyde, 
NaOAc, and AC;0 (Forkin, C. J. 81, 388; Wid- 
mann, B. 19, 26.5). Needles (from alcohol). V. 
sol. alcohol and HOAc, si. sol. boiling water. 
Split up by heat into CO.; and isopropyl-styrene. 
Aqueous CrO; gives cuminic aldehyde. Sodium 
amalgam gives /S-n-oumyl-propionic acid. 

Salts.-“NH,A': asbes^os-like crystals, m. 
sol. water.—'CaA',: needles, si. sol. water; ab¬ 
sorbs oxygen at 100°.—SrA',2aq.—AgA'; bulky 
pp. 

Chloride C,H,Fr.CH;CH.CO01. [o.26«]. 
Amide 0,H«Fr.CH;CU.CONH^ [186°]. 


Derivatives v. Asnno-, Nnao-, aadOxT-cniftxxr 

iCRTUO AQU». 

DUbromide CeHdC,H,).OHBr.CHBt.CO.;H. 
[190°], Small white balls. Sparingly sol. in 
hot benzene (Widmaim, B. 19,258). 

ii<-CDMYL.AMIDO.CROTONIC ACID 
MejO,H;‘NH.C(Me);CHCO;Et. Formed by the 
action of acetoacetio ether on CaH 3 Mej{NH,) 
[1;2:4:6] (Conrad a. Lirapach, B. 21, 6*28). Vis¬ 
cous mass. Yields on distillation di-oumyl-urea 
and a quinoline derivative. 

Methyl ether MeA'. [00°]. Formed by 
the action of methyl acetoacetate on il'-cumidine 

! Conrad a. Limpach, B. 21,528). White crystals 
from alcohol). Yields a quinoline derivative on 
Istillation. 

CUMYL-ANGELIC ACID ChH.A i.e. 
C„H,(CjH,)CH:CEt.CO,H. [123°]. From cuminic 
aldehyde, butyric anhydride, and sodium buty¬ 
rate (Perkin, C*. J. 31, 40.3). Needles (from al- 
coliol). Forms a crystalline dibromide. 

CUMYL BROMIDE v. Bbomo-cumenb. 

CUMYL CHLORIDE v. CnLono-cuMENB. 
CUMYL-CRORONIC ACID t.«. 

C„H,(C,H,).CH:CMe.CO.;H. [91°]. From cuminic 
aldehyde, propionic anhydride, and NaOAc (Per¬ 
kin, C. J. 31, 403; 35, 137). Nodules (from al¬ 
cohol) or prisms (from light petroleum).—AgA': 
bulky pp. 

Di-bromide C„H,(C;H,)CHBr.CMeBr.CO;H. 
[140°-160®]. Prisms. Converted by KOH into 
allyl-isopropy] -benzene. 

fCUMYLENE-w-DIAMINE C,HMe,(NH5), 
[1:3 1:2:()]. [84°]. Formed by reduction of nitro- 
tf'-cumidinc (from tri-nitro-i//-oamene) or of the 
corresponding nitro-if'-cumidine snlphonio acid. 
Long thick needles. Fe^Cl^ gives a dark red 
colouration. Gives the Bismarck-brown and 
chrysoidino reactions. The hydrochloride forms 
' white plates (Mayer, B. 20, 970). 

Isomerides u. Di-AuiDo-cnMENB. 

CUMYLENE BROMIDE v. Di-bromo-cumenb. 
DI-i|/.CUMYL.ETHYLENE.DI.KETONE 
[5:4:2:1], C«H;Me,.CO.CH;.CH;.CO.C,H.;Me, 
[1:2:4:5]. [120°]. Formed by the action of sue- 
cinyl-chloride upon il'-ciimene (over 2 mols.) in 
presence of AljCl,,. On oxidation it gives tri- 
methyl-benzoic acid [160°] (Claus, B. 20,1378). 

.>-CUMYL*ETHYL.KETONE-«-CARBOXYLIC 
ACID C JI;Me ,.CQ.CH;.CH,.C02H [6:4:2:!]. 
[105° uncor.]. Its chloride is formed by the 
action of succinyl chloride (1 mol.) upon i|/-cumene 
(1 mol.) in presence of Al^Clg. Small colourless 
crystals (Claus, B. 20,1378). 

t|r-CUMYL-HYDRAZINE C,H,(OH,)3.NH.NHj 
[1:3:4:6]. [120°]. Formed by redaction of the 
sulphite of diazo-psendo-cumene with zinc-dust 
and acetic acid, and heating the sulphite which 
is formed with dilute IICl (Haller, B. 18, 91). 
Colourless needles, v. sol. alcohol and eUier, 
nearly insol. yatcr. By boiling with aqueous 
CuSO. it is converted into pseudo-cumene. 
CUMYIIDENE - ETHYLENE - ANILINE 

Dl • PHENYL - t^-OOMYL - BtBTAPTRAZOL - TETBA- 
HTDRIDE. 

CUMYLIZIN-ACETO-ACETIC ETHER v. 
Aceto-aoetio-kthbr-comtl-htdrazidk. 

DI-CUMYX DI-KETOKE is Cummil v* Oo- 

KINIO ALDBHTDB. 

CUMYL propyl-benzyl KETONE is J>». 
oeey-cwnino'in v, Cdmihio ALDaHTUs. 





ClIMYL MEROAPTAN. 


i^.CTlirn. ME20APTA1I C,H,.S {.e. 
C.H,Me,(SH) Cl;2:4:6]. [ST®]. (236“). Formed 
by reduction of tl'-oamene sulphonio chloride 
Beilateln a. Kdgler, A. 137, 322). Laminia 
from alcohol).—^(CrH^MejS),^: needles (from 
alcohol) (Badloff, B. 11 , 82). 

CBMYI, METHYIi KETONE C,H,Pr.CO.CH,. 
(253° i.V.). S.O. ^ *976. From cumene, AcCl, 
and Al,01, (Widmatin, B. 21, 2225). 

Oa;imC,H 4 Pr.O(NOH).CH,. [71*^. Trime- 
trio tables (from ligroin). 

^)-CUMYL.PROPIONIC ACID i.e. 

C.H,(C,H;).CH,.CH 2 .CO.iH. [76®]. Promcumyl. 
atrryhc acid and sodium-amalgam or HI (Perkin, 
C. J» 31,388; Widmann, B. 19,2773). Iiamint® 
(from ligroin).—AgA'. 

iff - CUMYL DISUIPHIDE 
[116®]. From i|f-cumyl mercaptan and iff-cumene 
sulphonic acid in alcohol (Kadlo^f, B. 11,32). 

DI 4 .CDMYL.THIO.DREA 
SC(NH.G,H 3 Me,),. [146®]. Formed by heating 
if'*cumidine (224^) with CS,. Prismatic crystals. 
Sol. hot alcohol, si. sol. etljer, insol. water 
(Engel, B. 18, 2233). 

. C0JSYL-UEEA 0,HoMe,.NH.CO.NH,. 
Formed by mixing aqueous solution of(T)-cumi- 
dinehydrochlorideand potassiumcyanate. White 
needles. Sol. hot alcohol, si. sol. ether, iusol. 
water. Decomposes at c. 227® without molting, 
evolvingNH,andgivingdi-(f 7 )-cumyl-urea (Engel, 
B. 18, 2232). 

o-Cumyl-ttpea [2:1] C,H,Pr.NH.CO.NHj. 
[134®]. Small needles (Constam a. Goldschmidt, 

B. 21,1167). 

j)-Camyl-upea [4:1] C,H,Pr.NH.CO.NH,. 
[162®]. Slender needles (G. a. G.). 

Di • ^ • onmyl • urea OC(NH.CjH^Me,)j. 
[above 290®]. White silky needles. Sublimable. 
SI. sol. alcohol. Formed by heating the mono- 
oumyl-urea, NH, being evolved (Engel, B. 18, 
2233). 

Di 4 >otunyl-urea 

Me,C,a^H.CO.NH.C,H 2 Me, [above 300®]. Is 
a pic^uct of the distillation of the ethyl or 
methyl ether of iff-cumyl-amido-crotonic acid 

C, H,Me,.NH.CMe;CU.CO,H (Conrad a. XAm- 
pach,B.21,628). White needles, insol.ordinary 
solvents. 

OVPEElNE V. CiKcnoKA bases. 

CDPEONIKE V. Narcotinr. 

CDEABINE (?) Occurs as sulphato 

in curara or urari, a resinous arrow-poison used 
by the South American Indians, and s^ald to be 
obtained by boiling a climbing plant of the genus 
Sirychnoa with water. Deliquescent prisms; 
V. sol. water and alcohol, ra. sol. chloroform, 
insol. ether. It is coloured red by cone. 
H^SO^. HNO, gives a purple-red colour. K^SO, 
and H 2 SO 4 give a violet colour like that from 
strychnine.—B'aH^tOla: yellowish white pp. 
— Pier ate B'C^(N 0 J 30 U: yellow pp. 
(lionlin a. BoussingauU, A. Ch. [2] 39, 24; 
A. von Humboldt, A. Ch. [2] 39, 30; Pelletier a. 
P 6 tro 8 , A. Ch, [2J 40,213; Pelonze a. Cl. Bet- 
nard, C. R, 81,663; 40, 1327; Reynoso, 0. B. 
89,697; Pelikan, C. R. 44,607; Millerour, G. B. 
47, 973; Preyer, Bl, [2] 4, 238; Dragendorfl, Z. 
[2] 3, 28; Bert, C. 0. 1865,958; Schnetzler, 
N. Arch. ph. nai. 24,818; Flhckiger, N. ReperU 
Pharm. 22, 66 ; Koch, 0* 0» 187!«219; Salomon, 


Fr. 10, 464 ; Buehm, 0. C. 1887. 620; Sachs, A, 
191, 264; WUiers, J, Ph, [6] 11, 663). 

C0ECUMIN [178®]. The colour- 

I ing matter of tnrmerio root, from which it 
I may be obtained by extracting with ether 
after removing an oil by ligroin (Vogel, Schw. J. 
18, 212; Pelletier a. Vogel, J. Ph. 1815, 259; 
Vogel, jun., A. 44, 297; Daubo, B. 3, 009; 
Schiitzenberger, Bl. [2] 5, 194; Jackson a. 
Menke, Am. 4, 79; 6, 77; P. Am. A. 17,110). 
Stout needles (from alcohol); nearly iuaol. water, 
benzene, CS*, and ligroin; sol. HOAc, alcohol, 
and ether. Its ethereal 8(^ution exhibits green 
fluorescence. Its alkaline solutions are brown, 
but it is reppd. unaltered bv acids. Salts of Bn, 
Ca, and Pb give brown pps. in the alkaline 
solution. Paper stained with curcumin and 
moistened with boracic acid becomes, according 
to Daube, orange after drying; turmeric paper 



; alkalis. Treatment with bpracio acid attdoono. 
gives ‘ roBocyanin,’ of which the solu¬ 
tions are magenta and the metallic salts blue. 
Cliromic acid mixture oxidises curcumin to tero- 
phthalic acid (Gajevsky, B. 6,190). According to 
Kachler (B. 3, 713) distillation over zinc-dust 
yields anthracene. 

Metallic derivatives CnHjsKO^: very 
dark crimson amorphous body, sol. water and 
alcohol.—C,,H,.;K.P 4 : orange-red needles, soL 
water, insol. ether. Long boiling with EtI forms 
a di-ethyl derivative. 

Acetyl derivative C,^ll, 3 kQO^, Brown 
mass, sol. alcohol and HOAo, si. sol. ether and 
; benzene, insol. CS^. 

Diacetyl derivative [164®]. 

Formed by heating curcumin with AOjO and 
NaOAc. Yellow trimetric plates. Cone. HjSO, 
forms a blood-red solution with green reflex. 

p-Bromo-bemyl derivative 
C, 4 H,j(C(.H 3 BrMe) 04 . (78®]. Fropi potassium 
curcumin and ^-bromo-benzyl bromide in alco¬ 
hol. Yellow crystals, sol. alcohol and HOAo, 
Oxidised by KMnO^ to vanillin. 

CUSCAMXNE V. Cinchona bases. 

CUSCONlDINE V. Cinchona babes. 

CITSCOKINE V. Cinchona basks and Aricine. 

CUSPARINE C.^H^NO,. [92®j. An alka- 
loid present in the Angnstura bark (from Cua- 
paria febri/uga'f. An ethereal solution of this 
bark yields with oxalic or sulphuric acids 
pps. of the corresponding salts as yellow crys¬ 
talline substances, which yield on decompo¬ 
sition the alkaloid. Long colourless needles, sol. 
petroleum. Decomposed by potash into an 
aromatic acid, and another alkaloid [260] (Kdr- 
ner a. Bohringer, G. 13, 363; cf. Saladin, 
J. ckim. mede 1833, 9, 388; Herzog, Ar, Ph, [2] 
93,146). 

Salts.—The sulphate, hydrochloride, 
and oxalate are sparingly soluble, the tar¬ 
trate is readily soluble in water. The platino* 
ch loride is an orange yellow pp. 

CYAJIELXDE v. Cyanic agio. 

CYAHELURIC ACID v. Cyanic acid. 

CYAMIDO- « CYAKAMino-. 

CYAN AMIDE v. Cyanic acxo. 

Dl-oyan-diamide v. Cyanic Aom. 

CYARAHIDE-CABBOXYIIO ACID 
’'Cy.HH.CO 2 H. Only some salts of this dibasic 
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acid are kno\m (C. Meyer. 126.419). The | aaeiio aoidin alcoholic sohtion (Traabe, Bl 16, 
aoi<l, when liberated, apiits up ivto 00, and 2121). Oolonrless plates or tables. V. sol. 
eyonamide. water, alcohol and ether. It is very unstable. 

Salta. —OyNNs.COaNa. Formed by passing Dilute HOi converts it into p<nramido>phenyI< 
carbonic acid into a boiling alooholio sola- acetic acid. 0 aS 04 gives a brown pp. aolnble 
tion of sodium oyanamide: 2CyNNaH-(■ 00, in alcohol. 

-CyNH3+CyNNa.C0,Na. Amorphous powder, CY^AmiNE (0,HjNH,),C,N,. 

insoluble in alcohol, soluble in water. May be Formation. —^By the action oi aniline upon 

obtained in groups of microscopic needles by ozimido-ether: 

dropping its aqueous solution into alcohol. Con- EtO.G(NH).G(NH).OEt + 2PhNH, 

verted by fusion into the isomeric sodio cyan- «PhNH.C(Nn).C(NH).HNPh + 2H0Et (Senf, 

ate.—CyNK.COjK. Got by passing CO, into boil- 7. jpr. [2] 35,514). 

ing alcoholic potass^ oyanamide. Resembles the Preparation. —1. Aniline (Ipt.) is dissolved 

foregoing sodium salt. —|GyN(GO,)}Ca, 5aq. In in alcohol (5 pts.) and cyanogen Is passed in 
a similar way from calcium cyanamide, bypass- /Hofmann, A. 66, 129; 73, 180).—2. Aniline 
ing CO, into its alcbholio solution. Thin white (lOg.) is dissolved in alcohol (30g.) and water 
neodlos, slightly soluble in water. Its aqueous (GOg.) is then added. On passing cyanogen gas 
solution is decomposed by heat into GaCO^ and into the solution oyananiline separates; it is 
cyanamide.—}CyN(COJJSr, 2taq. Gritty crys- purified by solution in dilute H,SO, and reppn. 
talline powder, resembling the calcium salt.— by NHj {Sont*J.pr. [2] 35, 614). 

{CyN^O,)|Ba, l^aq. Resembles the strontium Reactions.—1. Brj nitrotis acid gas passed 

salt. , into ether containing oyananiline in suspension 

Reactions. —A solution of the potassium salt forms the nitrate B" 2 HN 03 . Nitrous acid gas 
gives:—1. With silver nitrate a pp. of silver passed into a solution of oyananiline in 65 p.o. 
oyanamide and evolution of 00,.—2. With basic acetic acid forms oxanilide, (1, 3, 4)-di-nitro- 
lead acetate a white pp. of lead carbonate, cyan- phenol, and phenyl-carbamine. Nitrous acid 
amide being in solution. gas passed into a solution of cyananiline in 

Ethyl ether GN.NH.GO,Et. From cyan- glacial HOAc forms the same products, and 
amide di-carboxylic ether and alcoholic KOII also di-p-nitro-oxanilide.—2. Sodium amalgam 
(Bassler, J. pr. [2] 16, 146). Syrup. Readily forms NH,, aniline, and formic acid.—3. Bro- 
polymerises. -B"2HC1 : crystalline powder, v. j mine in chloroform solution at 0® forms un¬ 
sol, water; converted by boiling water into alio- ' stable amorphous CnH„N,Bri, which is prob- 
phanioetlier.-CN.NNa,CO,Et[241®]: needles; ‘ ably(C,H4Br.NH.C(NH).C(NH).NH.0,H,Br)HBr, 
split up by heat into NaCyO and EtN.CO.— ; being reduced by SO,Aq to di-bromo-cyananiline. 
CN.NK.CO,Et. [109®]. Converted by EtI at • Bromine in boiling glacial HOAo forms di-p- 
160® into CN.NEt.CO^Et (213®).— I bromo-cyananiline. Bromine-water forms tri- 

HO.Cu.NCy.COjEt.—CN.NAg.COaEt. bromo-aniline.—4. Mel at 120° gives dimethyl- 

Cyanamide di-oarboxylio ether i aniline.—5. Phthalie anhydride gives phtbal- 

CN. N(CO,Et)^. [33®]. From sodium cyanamide ' anil, 0,iH,(0,0.)NPh (Senf, J.pr. [2] 35, 527). 
and 01.CO.J5t (Bassler,c7‘.pr.[2J 16,131). Prisms. Salts.—[192®]; decomposed on 
Insol. water. Boiling water decomposes it into melting, with evolution of phenyl-carbamine.— 

CO, , alcohol and cyanamide carboxylic ether. B"H,PtClB.—B"2HAuCl4.—B 'H.Br.,. 

CYANAMIDO-BBNZOIO ACID Bi^-bromo-cyananiline G, 4 H,.N 2 Br 2 ' Is. 

CN.NH.CeH 4 .CO,H [1;3]. [above 200®]. Flat C 4 H 4 Br.NH.O(NH).C(NH).NH.C,H,Br. [245®]. 
pearly needles (containing j aq). Sol hot water. From oyananiline and bromine; or by the union 
alcohol and ether, nearly insol cold water and of p-bromo-aniline and cyanogen (Senf, J. pr. 
benzene. Formed by the action of cyanogen [2] 35, 530). White plates (from alcohol), 
chloride on an alcoholic solution of m-amido- CYANATES (METALLIC). Cyanic acid has 
benzoic acid. the composition IICNO; several isomeridcs of 

Reactions.—lloeXedi with baryta-water to this composition may exist (v. Cyanic acid). The 
140® it decomposes into m-amido-benzoio acid metallic oyanates dre probably salts of the acid 
00„ and NH,. It is not altered by boiling with | NC.OH. A polymerido of cyanic acid, HsOsNjO,, 
water, and only slowly with NaOH. Heated to exists; this acid is known as cyanuric acid. 
140® alone it evolves cyanio acid leaving a white Isomerides of this composition are possible; 
amoiphous insoluble substance. BoUed with epanwnenetd very probably has the constitution 
dilute HOI it is converted into m-uramido- (CN) 3 (OH), {v. p. 310), and the metallic cyan* 
benzoic acid. With ammonium sulphide it gives urates are salts of this acid (t?. Ctanubates). 
tn-thio-uramido-benzoio «cid. On heating the Another polymeride of cyanic acid is also 
barium-salt polymeric substancas are formed, known, Cyamelide (v. Cyanio acid). 

It combines with aniline to form a di-phenyl- Oyanates. Metallic oyanates are most pro- 
guanidine-carboxylic acid. bably all salts of the acid CN.OH. They are 

Salts.—The salts of the alkalis, alkaline produced in tna following among other reactions; 
earths, and of Zn, Hg, Ni and Co are easily (1) by passing cyanogen into solution of an 
soluble. Fe.Cl, gives a yellow amorphous pp. alkali or alkaline earth; (2J by heating alkaline 
AgNO, gives a white gelatinous pp. and OuSO* ^sarbonates to low redness in cyanogen, or with 
gives a brown flocculent t)p. (Traube, B. 16, merourio cyanide; (3) hy fusing alk^ine cyan- 
2118). ides or forrocyanides with an easily reduced 

BICYARAMIDO-BENZOYL v. vol i. p. 165. oxide, such as PbO„ or with a nitrate; (4) by 
p-CYARAMIDO-PHENYL-ACETIO ACID electrolysis of KCNAq; some oyanates are ob- 

CN.NH.O,H,.OH,.CO .H. [134®]. Formed by the tained from KCNOAq by double decomposition, 
action of cyanogen chloride on^i-aoiidO'pheDyl- Most metallic oyanates are soluble in water, the 



oyatiatea of Oa* Pb, and Ag are only slightly 
soluble. Alkali oyanates are not decomposed 
by heating to dull redness in dry air; in moist 
air they give carbonates of and the alkali. 
Oyanates of the alkaline earths, and of most 
heavy metals, are decomposed by heat to CO 3 
and cyanide of the metal (v. Drechsel, pr. [2] 
16, 201). Acids decompose oyanates, forming 
CO.^ and NH,, sometimes with a little un¬ 
changed cyanic acid; some acids ppt. solid K 
oyanurate from KCNOAq. 

Ammonium cyanate (NH^)CNO. Obtained 
by passing NH, into an ethereal solution of 
HCNO, or by bringing together dry NH, and 
HCNO vapour. Very soluble in water. Easily 
changed into its isomeride urea (Liebig a. 
Wbhler, 1\ 20, 309. 395; A. 69, 291). 

Potassium cyanate KCNO. S.G. 2 0.5. H.P. 
[K, C, N, 0]« 102,300; [KCN, 01-72.000; 
[KCNO, Aq] = -6,200 (Berthclot,rC. /?. 91, 82); 

Formation. —1. By heating KCN in air, or in 
presence of an easily reduced oxide.--2. By 
passing cyanogen into KOHAq, or over heated 
K 5 CO, (Wdhler. G. A. 73,157).—3. By electro¬ 
lysing KCNAq (Kolbe, A. 64, 2 ^ 6 ).—4. By defla¬ 
grating KNOj with K,Fe(CN)„, or Hg(CN) 2 , or 
nitrogenous charcoal (W., G. A. 73, 157). 

Preparation. — 4 parts dry pulverised 
K 4 Fe(CN)j are mixed with 3 parts dry pulverised 
KjCryO,j a little of the mixture is placed in a 
porcelain or iron dish, which is heated consider¬ 
ably below redness until the mixture becomes 
like tinder and blackens; the rest of the mix¬ 
ture is then thrown in little by little, each quan¬ 
tity being allowed to blacken before the next is 
added (complete oxidation of KCN to KCNO is 
thus ensured). After cooling, the contents of 
the dish are added to successive quantities of 
boiling alcohol, as much being added to each 
quantity of alcohol as suffices to saturate the 
latter; the alcoholic solution is cook'd, and the 
crystals of KCNO are dried between paper, and 
then in vacuo over H^SO*. The yichl is about 
42 p.c. of the K,Fe(CN)., used ; if carefully con¬ 
ducted the KCNO contains about 1 p.c. impuri¬ 
ties (Bell, C. N. 32, 99; modification of method 
of Liebig a. Wohler, A. 38,108; 41, 289 ; v. also 
Clemm, A. 66 , 382). 

Properties. — Small colourless odourless 
lamince, resembling KCIO^; fuses below redness 
to a colourless liquid, soluiile in water, fairly 
soli^le in boiling hydrated alcohol; insoluble 
in absolute alcohol. 

ReacfMns.^l. Unchanged by lieat\ but if 
vxLter is present the salt is decomposed to KUO, 
and NHf.—2. Beduced to KCN by heating in 
hydrogen^ or withpofassi-wm, iro?i, or carbon.— 
3. Melted with sulphur gives K^S, KSCN, and 
KjSO,.— 4. Sulphuric acid forms KB and 
KSCN with some NH. sulphide.—5. Heated in 
hydrochloric acid gas, KCl and NH^Cl are formed. 
6 . Sodium amalgam reacts with ^ neutral solu¬ 
tion to produce fomumiide (HGO.KH 2 ). 

The other oyanates have not been much 
studied. Insoluble cyanates, e.g. of Fb or Ag, 
may be obtained by proceeding as directed fev 
preparation of KONO,but exhausting the heated 
mass with vei 7 cold water, removing K 2 Cr 04 by 
Bn(NO,)>Aq, and ppg. by solution of a nitrate 
of the metai. The following oyanates have been 
Isolated. 


Barium cyanate Ba(ONO), (Wdhler, A, 
45, 357). By adding alcohol to a mixture of 
KCNOAq ant Ba acetate; crystalline. 

Calcium cyanate has not been crystallised; 
obtained by passing HCNO vapour into milk of 
lime. 

Cobalt-potassium cyanate Co(CNO),.2KCNO 
(Blomstrand, J. pr. [2] 3, 207). Dark blue 
quadratic crystals; obtained by adding KCNOAq 
to Co acetate solution. 

Copper cyanate, not crystallised; by mixing 
solution of Cu acetate and Ba cyanate. 

Lead cyanate Fb(CNO )2 (Wdhler, G. A. 73, 
157; Williams, J. pr. 104^ 255). Crystalline, 
nearly insoluble in hot water. 

Silver cyanate AgCNO (W., G. A. 73,157). 
By adding AgNOjAq to KCNOAq; S.G. 4*0; 
somewhat soluble in boiling water; dissolved 
and decomposed by dilute HNO,Aq; decora- 
; posed by heating, to Ag mixed with C and somo 
N. Soluble in NII.Aq, giving a double com¬ 
pound which loses NH, in the air. • 

Sodium cyanate NaCNO.e Resembles KCNO; 
crystalline. 

Thallium cyanate TICNO ; tablets, sol. water, 
insol. alcohol (Kuhlmann, A. 120, 78). 

M. M. P. M. 

CYAKBEKZINS v. Paranitrile of Phenyl 

ACETIC ACID. 

CYANBUTINE v. Paranitrile of Valerio 

ACID. 

CYANCONIINE CpH^N.. (205'=’). S.G. *93. 
Cyanothine heated with HCl gives ‘oxy-cyan- 
coniino’ (u. t?t/ra), whence PCl^ forms ‘ chloro- 
oyanconiine,’which is reduced to cyan-coniine. 
This mime is given to the base by K. v. Moyer 
{J. pr. [2J 22, 286), although it is not formed in 
any way from coniine. 

Propeitics .—This base dissolves somewhat 
in water, forming an alkaline liquid, but it sepa¬ 
rates again if the BoUition is warmed. It is a 
coloarkss liquid of narcotic odour It boils at 
205'=*. It is volatile with steam. It^'s poisonous, 
and its physiological effects resemble tlioso due 
to coniine. Its uijueous solution gives with silver 
chloride crystalline needles of a donblo salt; 
B'HgCl,, Uq. (c. 90'=’]. 

Conilnnatwns. —1. With ethyl iodide at 100® 
f(-rms a comi>ound, whence by AgCl and PtCl, 
sharp yellow prisms of (B'EtCl).rtCl 4 may be 
got. -2. With acetyl chio) ide it gives unstable 
needles, probably B'AcCl. 

-Reduced by Zn and HCl to a 
new base C„H,„N 4 , which forms a zinc double 
salt (E. V. Meyer, J.pr. [2j 26, 340). 

Oxy-cyanconiine CflH,,N,0. [157®]. S. *76 
at 25'^’. 8. (alcohol of 90 p.c.) 8 at 18®. 

Preparation. —1. This base is pot by heating 
(20 g. of) cyanothine* {q. v.) with cone. HCl 
(30c.c.) for 3<irs. at 100®. The product is eva¬ 
porated, mixed with ammonia, and the pp. crys- 
tallised from water.—2. It may also be got by 
]>assing N,0, into a solution of cyanothine 
in glacial acetic acid (v. Meyer, J, pr, [2] 26, 
312). 

Properties. —Bunches of glittering needles 
(from water), long stflated prisms (from alcohol), 
or dendritic aggregates (by precipitation). May 
be sublimed. Sol. chloroform, benzene, and 
ether. 

BeacUom,—!. Heated with ethyl iodide it 
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lotm % 'RhenoQ bv fttiMeB8iTd treatment' 
with Ag,0» HOI, and PtOlf, trimetrlo Cjryetals ot 
(B'EtClhPtCl, are formed. Hence it is a tertiary 
With acciyl chloride forms a peculiar 
compound B'AcOl, not decomposed by ammonia 
(M.).—8. Not aflected by boating with Ao^O at 
13 ()o,__ 4 . With POlj at 140° it gives off HCl. 
Product sh^en with solution of KaOH and 
extracted with ether, is found to be an oil 
CjHijNjCl. This reaction looks as if the base 
contains hydroxyl It is converted by NH, at 
220° into oyanethine: C^HjaNjCl + 2NHj 
= NH,C1 + Alooholio potash 

rapidly removes its chlorine forming a new base: 
C^„N,C1 + KOEt » KCl + C„H, 3 N,.OEt. The 
new base is an oil smelling of herbs and boiling 
at 230°. Its platinum salt crystallises in octa- 
hedra (B'HCl)j,PtCl 4 . Heating with fuming HCl 
at 210° it is converted into the original oxy-cyan- 
coniine : C 8 H, 3 N,OEt HCl •-= EtCl + C^H^NoO. 
Tliese vai*ouB reactions point to the presence of 
hydroxyl in oxy-cyanc^iine and of amidogen in 
oyanethine. The chlorinated base C„H„C1N2 
may be reduced by Zn and HCl. The zinc 
double salt of a new baso is thus got: 
ZnClj,C„HsoN 42 HCl. If this salt be treated 
with solution of NaOH and shaken with ether, 
the ether leaves, on evaporating, cyanconiine 
CgH^N,, in the form of an oil. The base 
C,|H„Nj, which is first formed in the reduction 
of chloro-cyanconiine, is readily oxidised by 
Ag;0 to cyanconiine.—5. With CICO^Et oxy- 
cyanconiine forms a liquid carboxylic ether, 
which is decomposed by cone, mineral acids 
into the oxy-baso CO, and alcohol (E. v. Moyer, 
J. pr. [2] SO, 121). 

yalts.—Sol. water. Solutions acid to lit¬ 
mus.—B'HCl {at 110°). — (B'lICOoPtCl*.— 
B'UNO,.—B'H^CjO*. Prisms. 

Oxy-cyanconiine can occasionally act as an 
acid, for it forms a silver salt C^HjaAgN^O, sol. 
UNO. and NH,. 

Methyl derivative CJInMoNjO. [77°]. 
(27b''). S. 8 at 18°. Mel (.0 pts.) is heated with i 
oxy-cyanconiine {2ptB.) at ir)U°. Crystals of 
C,11,,M. N20,III are got. NaOH sets the base 
fice. It forms white needles. Insol. potash. 

Salts. — (B'HCl) 2 PtCl 4 : yellow trimetrio 
prisms. -- HgCl^', .Uq : needles grouped in 
stars. 

Filhyl derivative C^HuEtN^O. [43]. 
(2(J8°). 

SaU3.-(B'HCl),PtCl,: tablets.- 
IlgCl.pi', ),aq. 

Ethylene derivative C 2 H 4 (C,H„NjO),. 
[151°]. S. ’01 at 24°. From ethylene bromide 
(7 pts.) and the base (2 pts.) at 170°. 

Salt.—B"{HCl),PtCi 4 : prisms. 

Constitution. — Since methyl-, ytliyl-, and 

ethylene-oxy-cyanconiinearoin8ol.Htrongpotash, 

it would appear that the alkyls have entered an 
hydroxyl (E. v. Moyer, J.pr. [2J 2(>, 352). But 
this is not the hydroxyl corresponding to the Cl 
of chlorc-oyanooniine, because the product of 
the action of KOEt upon it is a different bo(^ 
to the ethyl-oxy-cyanconiin<> here described. 
Nevertheless, EtI and Mel acting upon oxy- 
syanconiine in presence of alooholio potash form 
ihe above ethyl* and methyl-oxy-cyanconiiiw^ 
The isomeric methoxy-cyanconiine from MwK 
ind ohloro-oyanconime boils at 226 . The 


ethoxy-base boils at 230°. E. v. Meyer thinks 
the isomerism can be explained thus: 
ethoxy-oyanconiine C«H, ,N._,{OEt) 
cthyl-oxy-cyanconiiae CgH,.^N(NEt)(OH). 
CYANETHINB C,H„N,. [130°]. 8. 073 at 
17°. 3. (alcohol of 90 p.o.) 5*8. According to 
E. Y. Meyor (/. pr. [2] 35, 84) oyanethine is 
not the paranitrile of propionic acid C,N,Et„ 
since this body,obtained by reducing a-di-chloro- 
propionio nitrile, has quite other properties. 

Preparation. —Propionitrile (240 g.) is added 
gradually to sodium (30 g.), in a flask full of 
carbonic acid. A violent reaction occurs a few 
minutes after the addition of each portion. The 
excess of propionitrile is distilled off. The re¬ 
tort is broken up and the contents treated with 
water. The insoluble cyanethine is crystal* 
lised from 90 p.c. alcohol. The yield is 60 p.c. 
(Erankland a. Kolbo, C. J. 1, 60; E. v. Meyer, 
j,pr. [2] 22, 262).» One third of the sodium be¬ 
comes sodio cyanide; for every molecule of 
sodic cyanide formed one molecule of ethane is 
given off. If ether be used as a diluent, there 
is formed an intermediate product Me.CHNa.CN, 
which on being trc*atcd with water yields an 
oil which gradually crystallises, and has the 
same percentage composition as cyanethine, but 
is polymeric with it [48'] (258°). The compound 
Me.CHNa.CN, heated with propionitrile to 150°, 
yields cyanethine (E.v. Meyer,/.pr. [2] 37,412), 
Properties. — Monoclinio crystals (from 
alcohol). 

Beaction$.—l, With ethyl iodide at 100° 
forms B'Etl, a syrup, whence by moist Xg-fi an 
alkaline liquid may bo got, and on adding HCl 
and PtCl 4 a well crystallised double salt 
(B'RtCl) 2 PtCl, is obtained. But if the iodide bo 
treated with Ag.O, and the resulting alkaline 
solution be shaken with other, the latter is found 
to contain ethyl-cyanothine CgH,,EtNj. [45°]. 
(260°).—2. Excess of strong hydrochloric acid 
converts it into cyanconiine CgII,\N, + H^O + HCl 
«l-I,NCl + CflHnON^. It is precipitated by aiu- 
3. This same body is formed bypu.>sing 
N .0, into a solution of cyanethine in glacial 
acr'ticacid. —4. WithClCO.Et it formscyanethine 
I'.uboxylic ether CuH, 3 N 2 NH(CO,Et). This is a 
solid which molts at a low temperature niid 
boils at (247°). It is converted by boiling 
alkali into cy.anctbine, alcohol, and COj. Its 
aqueous solution gives, with AgNO^, a pp. 
CgH,ANAg(C02Et), aq. Cyanctliiae carboxylic 
ether is decomposed by aniline with formation 
of an anilide C,H„Nj.NII.CO.NHPh [184°]. This 
is a very stable body, not decomposed by hot 
alcoholic potash, but when hoateti in a current 
o( HCl it gives off phonyl cyanato, becoming 
cyanethine _ 

(lH,,N,.NH.CO.NHPh - 0,H„N,.NH, + C0.OTh 
(H. V. Meyer a. Eiesa, J. pr. [2] 80, H6), 

6. Combines at 100° with phenyl cyanate 
C,H,,N,.NH, + C»NPh - C.H, ,N,.mi.CO.NHPh. 

Salta.-B'PICl 
large prisms, neutral to litmus. 

,ComMno(ion.-B'^gNO, (at 120°); crystal- 
line pp. 

Mono-aetlyl derivative C,H|,AcH, 
f69°l. 

Tri-chloro*oyanethlne O^HuCljN,. [110°] 
Obtained by passing Cl into a solution of cyan* 
ethino ^ chloroform. Besembles tri-bromo- 
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eyanethlne in its properties* N^O. passed into 
its solution in gladU aoetio aoia forms tri* 
chloro-oxy-oyanooniine 09 H},( 0 H)C 1 ,N 3 [132*^]. 
This latter may be reduced by ^ to the ozy> 
cyanconiine. 

Bromo-oyanethlne 0 »H, 4 BrN,. 

Predation .—Oyanethine (30 g.) is dissolved 
in HBr and an equivalent of Br (30 g.) is added. 
A perbromide of hydrobromide of oyanethine 
separates as an oil| which soon solidifies. The 
whole is heated in sealed tubes at 100° for 
6 hours. On cooling, crystals of the hydrobrom¬ 
ide of bromooyanethine separate. The base is 
got by adding KH, to an aqueous solution of 
these crystals (0. Riess, J. pr. [2] 30,146). 

Pro^rties. — Needles. Penetrating odour; 
▼. si, sd. water. 

S alt8.-BraO,. Trimetric.-~{B'HCl)^tCl 4 . 
—B'HClAuClr—B'HBr. ,, 

Reactions. —1. Boiled vrith alcoholic NaOEt 
it forms ethozy-cyanethiuo {q. o.).—2. Fuming 
HCl at 200° displaces amidogen by hydroxyl, 
the product being CJH, 2 BrN 2 (OHJ, [171°]. The 
salts of this bromo-oxy-cyaiiconiine are decom¬ 
posed by water.—3. With aniline at 200° it 
formsO,H, 4 (NPhH)N 3 ,phenyl-amido-cyanethine. 
This is insol. water, but crystallises from alcohol 
in plates, [125°].—4. Zinc and HCl reduce it to 
cyanethine.-~6. NjO, passed into its solution in 
glacial HOA .0 forms bromo - oxy • cyanconiine 
[172°] (E. v. Meyer, J. pr. [2] 26, 368). 

Tn-bromo-cyanethine C,H, 2 Br,N,. [126°]. 

This is formed when bromine acts on cyaaethine 
dissolved in chloroform. It forms pearly plates 
insol. water, sol. alcohol, ethor, and chloroform. 
It dissolves in strong acids, but is reppd.. by 
water. By passing NjOi into a solution of the 
base in glacial acetic acid, the corresponding 
* tri-bromo-oxy-cyanconiine ’ may be formed : 
C,H,o(OH)Br,N2, [149°]. 

l^o-oyanethine GgHiJN,. [152°]. 

Preporafion.—Iodine simply combines with 
oyanethine, forming a per-iodide. Substitution 
takes place in presence of HNO„ as follows: 
qyanethine (1 pt.) is dissolved in excess of dilute 
n..SO„ iodine (1^ pt.) is added, and then the 
liquid iq. digested on the water-bath while cone. 
HNO) is run in until all the iodine has dis¬ 
appeared. From the filtrate NaOH throws down 
i<^o-oyanethine. 

Ptoperties.^^o\. acids and dilute alkalis. 
Decomposed by boiling NaOH. 

Sa«.-B',HCl,AuC],. 

Reactions. —1. Iodine added to its acid solu¬ 
tions throws down glittering green plates of a 
periodide.—2. Unlike the ohloro- and bromo- 
dcrivatives, it is not affected by passing N^O, 
into its solution in glacial acetic acid.—3. Never¬ 
theless fuming HNOj, acting upon its solution 
in glacial acetic acid, does produce iodo-oxy- 
oyanconiine; C,H,JN,(OH). piis maybe crys- 
tallied from aloohoL It melts at [167°].— 
4 . Dilate HNO, or cono. HCl (at 180°) con- 
vert iodo^oyanethine into oxy-cyanconiine, 
C.Hj,(OH)N„ [166°] (Riess. J.pr. [2] 80,168). 

Xethyl-eyanethine GaHjiMeN,. [74°] (o. 
2(^). ]^om oyanelhine ana Mel at 160° (E. v. 
Meyer, /. pr, [2] 26, 848). V. sol. water, form¬ 
ing an alkaline solution from which it may be 
extracted by ether. It separates as an oil when 
its solution, saturated in the oold, is warmed. 


Oyanethine itself is very slightly soluble. Methyl- 
cyanethiut affects the brain-cells, producing 
muscular contraction. Chloral, chloroform, and 
morphia are antidotes. 

Oombinations. — B's.AgNOj. Pp. sol. hot 
water, separating as plates.—B^^Cl),FtGl 4 . 

Reaction,^ 1. Heated with HOI at 180° it 
splits up into methylamine and oxy-cyanconiine: 
C,H, 3 N,(NHMe) + H^O « OJH„N 2 (OH) + NH,Me. 

Hethoxy - oyanethine C 3 H, 4 (OMe)N„ aq. 

[130°]. Resembles ethoxy-oyanethine in prepa¬ 
ration, properties, and salts. It also exchanges 
NHj for OH when acted cn byNgOa, the product 
being the mono-methyl derivative of di-oxy- 
oyanconiine C 9 H,j(MeO)N 2 (OH). This forms 
the salts: B^HCl.AuOl,.—0,H„Ag(MeO)N2(OH) 
(0. Riess, J. pr. [2] 30,163). 

Ethoxy-oyanethine CeH, 4 (OEt)N,. [116°]. 

Preparation. — From sodio e^ylate and 
bromo-cyanethine (Riess, J.pr. [2] 30,148). 

Properties. —Trimetric plates. Sublimes at 
100°. More soluble in cold than in hot water. 
Its solution is alkaline to test-paper. Separated 
by EOH from its aqueous solution. Sol. alcohol, 
ether, chloroform, and acids. 

Reactions.—l. An aqueous solution of the 
free base precipitates the hydrates of copper and 
lead from their salts.—2. N^O, passed into a 
solution of the base in glacial acetic acid forms 
the corresponding ethyl derivative of di-oxy- 
cyanconiine: C,H,j(OEt)NjOH. This melts at 
[51°] and forms a silver derivative, 
C,H„Ag(OEt)N,,OH.—3. Heated with cono. HCl 
at 200°, it appears to form di-oxy-cyanconiine: 
C,H, 2 (OH).,Nj [161°], a silver salt, 
CoH,iAg(OH)*,N 2 , being analysed. 

Salt 8.—(*B',HCl) 2 PtCl 4 .- (B',HC1) AuCl,. 

CojHbinaftons.—B',AgNO,. 

CYANETHOLINE v. supposed Ethyl ether of 
Normal Cyanic aoid. 

CYANHYDRIC ACID HCN. {hydrocyanic 
acid. Prussic acid. Formonifirile.) Mol. w. 
26*98. [—15°]. (For melting-points of mixtures 
of HCN and hfi v. Gautier, A. Ch. [4] 17,120). 
(26-5°). S.G. {Ijiquid)at7°»-7068. at 18° *6969. 
V.D. *966 at 40°, *942 at 77°, *936 at 96°, *924 at 
168°, -903 at 198° (Gautier, A. Ch. [4] 17,119). 

-1*263 at 17° (Bussy a. Buignet, A. Ch. [4] 
3, 231). hd for mixture of HCN and HjjO 
(17°) (B. a. B., f.c.); ratio 2HCN:H,0-1*282, 
2HCN:2ko - 1*297; 2HCN:3H20 - 1*306. 

2HCN:4H20-1*308. H.F. [C, N, H]= -27,480; 
[C*N^H"] =» 10,740; H,C. [ONH,0|]»168,620 
(Th. 2, 389). Heat of neutralisation [HCNAq, 
NaOHAq]» 2,770 {Th. 1, 296). H.V.=. 6,700 

(Berthelot, A. Ch. [4] 6, 432). HCy is an ex¬ 
tremely weak acid; the affinity is so small that 
the compound can iftsarcely be classed as an acid 
(u. OstwaldH Lehrhuch allgemcinen ChemiCt 
2, 849). Contraction of volume occurs on mixing 
i with water; v = vol. of HCN, v* »vol. of H,0, 
I V « vol. of mixture; then (B. a. B., Ue.). 

' Ratio of HONtH.O v*t*v^-v^ 


2:1 

T + T - 

■0828 

2:1'6 • 

■0641 

2:2 

■0608 

2:2-S 

■0611 

2:8 

■0623 

2:8-5 

■0636 

2:4 

■0468 
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Iiowering of iemperfttore oooars on miiing 


ritb vster (B. a. B., U.). 


SatkoiEON^ 

fsU of tamp. 

3:1 

8-6 

3:1-6 

9 

2:3 

9-26 

3:3-6 

9-25 

2:3 

9-76 

2:3-6 

8-25 

2:4 

7-76 


Maximnm eontraoti^ and maximum fall of 
temperature occur when the acid and water are 
mixed in the ratio 2H0N:3H2O. 

Vapour-pressure of liquid HON at 18'25^ 
• 472 mm. (B. a. 6., Ic.). 

Prussic acid was discovered by Soheele in 
1782; it was examined by Berthollet, Proust, and 
others; the pure acid was prepared by Gay-Lussac 
in 1821 (A. Ch. 77, 128; 96,130). 

Occumnce ^—In tpbacco-smoke (Vogel a. 
Reisohauer, D. P. J. 148, 2B1; Vohl a. Euren- 
berg, A. 147, 130). Among the products of oxi¬ 
dation of many carbon compounds by HNOj 
(Gill a. Mensel, Z. 1869. 66). As a product of 
the action of KMnOjAq on thialdine and analo¬ 
gous compounds, also of boiling NaOHAq on aro- 
matio nitro* compounds (Guareschi, B. 12,1699; 
Post a. Hubner, B. 5, 408). As a product of the 
distillation with water of parts of plants contain¬ 
ing amygdalin (g.v. vol. i. p. 206). 

Formation.—I, By subjecting cyanogen and 
hydrogen to the electric discharge (Boillot, C.R. 
76,1132); or by heating the mixture to 600°-560° 
(Berthelot, Bl 83, 2); or by dissolving cyanogen 
in water and allowing to stand (WOhler, P. 16, 
627; V. also CrANoaiiN).—2. By the action of the 
induction-spark on a mixture of acetylene and ni- 
trogon (Berthelot, C. B. 67, 1141; Dewar, Pr. 
29,188; 80, 86), or on a mixture of N with hy¬ 
drocarbons which yield OjH, (Berthelot, Z.c.; 
Perkin, O. N. 21, 60).—8. By rapidly heating 
NH. formate or formamido with pp^ (Lorin, A. 
132. 266; Handl, W. A. B. 32, 262; 42, 747; 
Hofmann, pr. 91, 61).- 4. By burning moist 
methylamine (Tollens, Z. 1800. 610).— 6. By 
passing CHCl, vapour with NHj through a hot 
tube, or by heating CHCls and alcoholic NHj to 
180®-190“ (Heintz, A. 100, 309); or by mixing 
CHCl* with KOHAq and NH,Aq (Hofmann, A. 
144, 116).—6. By decomposing IIg(CN )2 by 
HClAq or HjSO^Aq, preferably in presence of 
NH,C1, and purifying by passing through CuCO, 
and CaOl, (Gay-Lussac; Bussy a. Bnignet, A. Ch, 
[4] 3,260).—7. By decomposing Hg(CN)j by H^S, 
or by shaking with H^SO^Aq and Fe filings.— 
8. By decomposing AgCN bj» HClAq. 

Preparation.—1. A cold mixture pf 12 parts 
water with 9 parts H^SO* is poured on to 8 parts 
coarsely powdered K 4 Fe(CN), in a capacious 
fiask; the flask is connected with two bottles 
containing calcium chloride placed in a bath of 
cold water; the exit tube from the bottles passes 
into a dry flask surrounded by snow and salt. 
The mixture is warmed, and BCN passes into the 
OaCL-bottles ; after about ^ hour the water sun 
rounding the CaOl,-l»ottlc8 is warmed to 30® or 
10 , when dry HON passes into the flask in the 
freezing mixture, and is there liquefied (Pessina, 
TniU ds Pharmadt de Soubeiran, 2, 8374 
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Wdhler, A. 73, 218). Great care must be taken, 
as HON is frightfully poisonous; the CaCl* 
used should be dissolved (after use) in a large 
quantity of water, HCN is evolved during solu¬ 
tion. If HCNAq is to be prepared, 10 parts 
C 4 Fe(ON), may be distilled with about 4 parts 
HjSOi and'a convenient quantity of water in a 
flask with very good condenser; the distillate 
may be rectified by distilling over MgO.—2. A 
solution of HCN of determined stren^h can be 
prepared by mixing EGN and tartaric acid in the 
ratio KCN:H*. 04 H 40 , with a measured volume of 
water; HCNAq and KH.C^H^O, are formed, al¬ 
most the whole of the latter is ppd. If 4 parts 
pure EON are added to 9 parts tartaric acid in 
60 parts water, and shaken in a stoppered bottle 
nearly filled by the liquid, and then allowed to 
stand for 12 hours, the liquid contains 3'6 p.o. 
HCN (Clarke, A. 1, 44 ; cf. Liebig, A. 41, 288). 

Properties.—A*mobile, colourless liquid, hav- 
ing a peculiar and very penetrating odour; does 
not redden litmus; intensely poisonous \ one drop 
of the anhydrous acid is instantly fatal if swal¬ 
lowed. Inhalation of minute quantities of va¬ 
pour Bufljccs to kill, even when mixed with air the 
vapour is extremely poisonous; soluble in water, 
alcohol, and other (for temperature and volume 
changes on dissolving in water, v. ante). Evapo¬ 
ration in air sullices to freeze part of the acid, 
crystals thus formed are transparent orthorhom¬ 
bic prisms. HCN or HCNAq is unstable; brown, 
humus-like products are formed (o. also Reactions 
No. 2); addition of traces of formic acid or a 
mineral acid serves to prevent this decomposi¬ 
tion. Burns in air with blue flame. HCNAq is 
a very weak acid; its affinity is almost nothing; 
cyanides are generally very easily decomposed 
by acids. 

Reactions.—1. Passed through a tube heated 
to dull redness, H, CN, C, and N arc formed (De- 
ville a. Troost, J. 1803. 307); heated to about 
100® HCN forms a black mass, which at a higher 
temperature gives NH, and NH,.CN (Girard, 
C. R. 83, 344); passed over red hot iron HCN is 
decomposed intoH.C, andN (Gay-Lussac, A. Ch. 
96, 200).—2. Even in the cold HCN or HCNAq 
easily undergoes change ; brownish, humus-like 
bodies are formed ; according to Gautier {A. Ch* 
[4] 17,119) perfectly pure HCN does not undergo 
change, but if a trace of NH* is present decom¬ 
position proceeds with iormation of azultnic acid 
(q. V. vol. i. p. 429). Traces of alkali hasten the 
decomposition of HCN (hence if the CaCL used 
for drying contain CaO the acid produced soon 
begins to change), traces of acids retard the 
change; among the products is the polymeride 
HjC,N, (o. Tricyanhtdiuo aoid, p. 302). In 
presence of water NH* formate is produced.-— 
8. A series of electric sparks passed through 
HCN causes partial decomposition to N and 
CjH* with separation of a little 0, after a time 
the C,H, and N blgin to recombine. An eUclr^ 
current passed through HCNAq evolves H at the 
negative electrode with formation of cyanide of 
tha,m 0 tal forming the Positive electrode the 
HCNAq is cone, wid mixed with HjSO*, CO, and 
NH, are produced (Sohlagdenhauflen, J. 1868. 
806).—4. Mixed with exeygm, and bronghttoa 
flame, violent explosion occurs with prodnetion 
of CO,. H,0, N, and traces of HNO,.—6. Po^- 
snm permanganate in alk aline solution oxidisM 
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HONAq io HONOAq (P«an de Saint-OaiM, A.Ch. 
[8] 56, 874).—6. Chlorini reacts with HCN in 
daylight to form C,N,01,; with HONAq it forms 
CNCl and HOI (Bisohoft, B. 5, SO). According 
to Wnitz (A. 79,280) 01 also forms 0jN,01j.0NH; 
if the HCN is in alcoholic solution a» crystalline 
compound OgHuClNjOt is said to be produced 
(c/. Wurtz, l.c. and Bischoff, f.c.).—7. Bromine 
forms CNBr and HBr.—8. Iodine with HONAq 
gives ON and HIAq.—9. Hydrogen (nascent) 
forms CHjNH,; the same compound is produced 
by passing HCN vapour and il over hot spongy 
Pt (Menduis, A. 121, 129; Linnemann, A. 145, 
88; Debus, A. 128,200).—10. I'otossfum heated 
with HCN gives KCN and H.—11. Eeaction with 
water, v. beginning of this article.- 12. Heated 
with hyd/riodic ac^. NH, and CH, are produced 
(Berthelot, J. 1867. 347).—18. Cone, mineral 
acids form formic acid and NH,; boiling solu¬ 
tions of alkalis react similarly; very cone. HCl Aq 
in the cold produces formamide (Claisen a. Mat¬ 
thews, B. 16, 808); with HCl and alcohols, alkyl 
salts of formifc acid are produced (Volhard, A. 
176, 135).—14. With alkalis in solution, alkali 
cyanide is formed; on heating alkali formate 
and NH, are produced.—15. Some metallic ox¬ 
ides form cyanides and H.O, e.g. ZnO, HgO; 
others give oxy-cyanides, e.g. _PbO, CdO; some 
evolve cyanogen, e.g. PbO, (Liebig, A. 85, 3). 

16. Some metallic salts are decomposed by 
HCNAq giving cyanides, c.p. many acetates, some 
salts of Ag and Cu, some alkaline carbonates. — 

17. Alkali polysulphides form sulphocyanides. 

Combinations, —1. With water hydrates are , 

perhaps formed, but none has been isolated ; the , 
contraction and lowering of temperature (v. 
beginning of this art.) point to formation of 
2HCN.3^0; the change of M. P. on addition of 
water seems perhaps to indicate a hydrate 
HCN.HjO (Gautier, A. Ch. [4] 17,120).—2. With 
hydrogen peroxide to form oxaraide, C., 0 ,(Nn.j )2 
(Attfleld, 0. J. [2] 1,94).—3. With hydrogen to form 
CH,NH..(». Beactions,'No.0).—4. With thehaltid 
acids : HCN saturated with UCl gas at - 10°, 
and then heated to 35° 40° forms crystals of 
NCH.HC1, insol. ether, sol. water, alcohol, and 
acetic acid; the dry compound dissociates in 
vacuo (Gautier, C. B. 65, 410); dry HCl passed 
into a mixture of HCN and C2H,0.0C,H, at 
—10° to -16° forms whKe prismatic crystals of 
2NCH.3HC1, insol. ether, CHC1„ and acetic 
acid, sol. water with decomposition (Claisen a. 
Matthews, B. 16, 308). The compound 

2NCH.8HBr is produced similarly to the hydro¬ 
chloride (Gnl, C. B. 61, 643; Gautier, A. Oh. 
[4) 17,141; C. a. M., l.c.). When HI gas is passed 
into HCN the compound NCH.HI is formed, 
crystallises from alcohol in rhombohedra, sub¬ 
limes at 800°-400° with but slight decom¬ 
position; insol. ether, sol. cold water; soon 
changes to HI and NH, formate (Gautier, G. B. 
61, 880; Gal, C. B. 61, 643).-B. With metaUic 
chlorides : anhydrous HCN oombineswith several 
metallic chlorides with production of much heat; 
the compounds are decomposed by w^er;'^t^ 
following have been obtained: TiCl 4 . 2 NCH 

fWShler, Ae 73,226); (2) SdC 14 . 2 N^OH (Klein, 

74. 85); (8) SbCVSNOH (Klein, (4) 

Fe,Cl,r4NCH (Klein, I.C.). BO, seems to form a 
compound with HCN Martins, Ae 109, 81). 
6. ECN combines directlj with Teiy many 


aldehydes. e.g. with acetic aldehyde it fomi 
C^,O.NCfe[ (v. the different aldehydes). 

Detection and Estimation.—1. Addition of 
KOHAq followed by FeSO^Aq containing some 
forrio salt ppts. Prussian blue mixed with 
Fe(OH), and Fe(OH),; addition of HCl dis- 
solves the Fe hydroxides and leaves Prnssian 
blue. If there be very little HON or cyanide 
present, a blue-green liquid is formed, which on 
standing deposits bluish flocks. This test will 
detect grain of HCN in a very dilute liquid 
(Taylor, A. 65, 263).—2. To tlie liquid to be 
tested are added a feW drops of yellow NH, 
sulphide, the liquid is evaporated on the steam- 
bath, (NH 4 )SCy is thus formed; a few drops of 
water are added and a drop of Fe-^Cl^Aq, when 
blood-red Fe{SCy)., is formed. This test will 
detect 35^5 grain HCN in a very dilute liquid 
(Taylor, Ic.).—3. AgNO,Aq pps, white AgCN, 
e. sol. NHgAq, unblackenod by light, sol. cone, 
boiling IINOj with evolution of CtJj. Other 
tests are founded on (t) the insolubility of 
Cu 2 (CN),in dilute HClAq (Lassaigne, A. Ch.27, 
200); (2) the production of a blood-red colour 
on heating KCNAq with picric acid (Braun, Fr. 
1>^G4. 404; Vogel, C. O. 1866. 400; (3) the blue 
colour produced by Cu salts with tincture of 
guiacum in presence of HCN (SohOnbein, Fr, 
1869. 67; Vogel, l.c. ; Eckmann, Fr. 1870. 429; 
Link a. Mdckel, Fr. 1878. 456). Insoluble 
cyanides may be fused with dry Na-^S^Oj, 
dissolved in water, and tested with Fe^Cl^Aq 
(Frohde, C. C. 1863.698). In oases of suspected 
poisoning, HCN is separated by distillation after 
acidifying the matter with tartaric acid. (For 
details, a manual of analysis must be consulted.) 

{ HCN may be estimated by ppg. as AgCN, 
j from solutions slightly acidulated by HNOj, by 
1 addition of AgNO,; haloid acids must be absent; 

; the pp. is washed, dried at 100°, and weighed. 

I Liebig’s volumetric method may be used when 
' haloid acids are present {A. 71% 102); the solu¬ 
tion is made strongly alkaline by KOHAq, and 
' standardised AgNOjAq is added until apermanent 
■ turbidity is produced; the compound AgK(CN)j 
I is produced but remains dissolved until addition 
I of excess of silver forms insoluble AgCN. 1 c.o. 
i of decinormal silver solution (10*8 grams Ag per 
' litre) = *0054 gram HCN. 

Constitution. — Cyanhydric acid may be 
(1) HCN or (2) HNC; formula (1) represents 
the atom of H as directly associated with the 0 
atom, while formula (2) represents the atoms of 
H and N as directly associated. The reactions 
of this acid with alkalis show that the H atom 
is acidic; the fact that the acid combines 
directly with the haloid acids favours the for- 
mula N.CH, which* suggests the properties of a 
dcrivativo*of NHg. The formation of the acid 
by the reaction of CHCt, with KOHAq is in 
keeping with the formula N.CH; this formula 
also suggests the production of OH,NH, by the 
reaction of hydrogen with N.CH; the production 
of H-COJSH, when cyanhydrio acid reacts 
HjO cannot decide between the fonnulse N.CH 
and C.NH. On th'e whole oyanhydrio acid i> best 
regarded as the nitrile of formic acid; the for¬ 
mula is written N.CH. 

PolTiiBBiBB o» ovANHTnmo UXD. Tnoyait- 
hydjioaoia. H,Q,N,. Produced by spontaneon. 
polymerisation of HCNf or of oono. HONAqi iit 
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pr«8eiioe o! alkalis, also from KCN (Lange, B.d, 
h ; WippermauTi, B.7,7(>7; Lescuouf a. Kigault, 
C. B. 89, 310). Prepared by treating the brown 
substance produced when HCN is allowed to 
change in air, with much ether, crystallising, dis¬ 
solving in ether, shaking with animal char, 
crystallising, and re-crystallieing from hot water. 
Triclinio crystals; v. sol. alcohol, less sol. ether. 
Solubility in water *56 at 5-5‘5 at 100'^. 
Begins to decompose at 140°, melts at about 
180°, and deflagrates at a higher temperature. 
When slowly heated with water forms HCN 
and the products of decomposition of this acid 
(H.COjH, NH„ &c.). Heated with BaOAq, with 
HCI Aq,or HIAq, produec.s CO.^, NHj, and glycocoll 
(Wippermann, B. 7, 707); hence tricyanhydrio 
acid appears to be the nitrile of amido-malonio 
acid, CN.CH(NH,).CN (c/.Baiyer, A. l.Hl, 207). 

M. M. P. M. 

BICTANHYBBIN v. Bi-ctano-picoptl al¬ 
cohol. • 

CYANIC (SBLPH§) ACID. SDLPHOCYANIC 
ACID AND POLYMEBIDBi. (Thwcyanic add. 
Hi/dro-sulphncyanic acid. ^idjiiiucyankydric 
acui. Sulphocarhunidr.) Only one isomeride 
of the composition HCNS is known, and it is 
probably normal sulpliooyanic acid HS.CN; the 
acid HN.C.S lias not been isolated although 
ethereal salts derived from it are known. A 
polymeiideof sulphocyanic acul.viz.li ,R N C,, 's 
known, and the lUf^thylio salt of tnsntphocyanie 
acid (1I,C,N.S,1 is also known {cf. Cyanic Ann). 

Tlie melallic suits of the form MSCN are 
desciibed as sULPimcYANiDhis in the artiule 
Cya-vioks. 

• Preparation.—l. Dilute solutions of HH.CN 
are obtained by di.stiiliiig excess of a sulpho* 
cyanide with dilute llySO|A(j; more cone, solu¬ 
tions are obtained by dI^tllling KS.CN with cone. 


ucids react to form COS and amides, o 
sometimes nitriles, c.<;. HS.CN + C„H,O.OI 
= COS-t-C.HsO.NII, (Letts, B. 6, 609; KekuU 
B. 6,113), 

The metallic salts of sulphocyanic acid ar 
described as Sulpiiocyanides under CTANioiit- 
The ethereal salts of normal sulpliocyanic acid 
of the type Et.S.Cy,aro described as Ktiiyl, <fec. 
SULPHOCYANIDE; the ethereal salts derived fron 
isosulphocyanic acid, of the type Et.N.CS, an 
described as Ethyl, Ac., tiho-caiidimide. 

PoLYMERIDES OE SITLPIIOCYANIO ACID. 

I. Disttlphocyanic acid HjS.^C 3 Nj (Fleischer, 
A. 179, 201). Prepared by adding alcoholic so¬ 
lution of liOHtoperhulpliocyanicacid 
obtained by adding 3 vols. H,S 04 Aq, S.0.1‘34, 
to cone. NH^.SCNAq, and crystallising the crys¬ 
tals which separate from hot water); the crystals 
which separate *are K._.C^N,Bn, they are collected 
and decomposed by dilute ILvSO^Aq; the acid 
separates as a wax-like yellow mass, which 
hardens after a time. Sol. alcohol, nearly insol. 
water; when the solution is heated HSCN is 
formed. 

II. Trisalphocyanic acid; this acid is not 
known, but its met'hylic salt, MejS^C^Nj, is ob¬ 
tained along with methyl thiocarbimide 
[Me.N.CS ig.v.)], by heating Mo.S.Cy to 180® 

• (Hofmann, /?. 13, 1349). 

For metallic salts of disnlphooyanic acid v, 
Cyanuiutes and Sdlpiiocyanuhatks, p. SCO. 

M. M. P. M. 

CYANIC, DICYANIC, AND TBICYANIO 
ACIDS and their derivatives.— Historical Intko- 
DncTioN.—Very .soon after his inquiry into the 
constitution of Prussian Blue, an investigation 
' which had enriched science with the discovery of 
' Prussic Acid, Scliccle (1786, 2,76} con- 

ducted a series of experiments v-ith a view to 


II,l’0,Aq, or by the roaction of Il.S with 
HgiSCN),or Pb(SC.N)., (Ileiinos, J. pr. 97. 405; 
Zunmerinann, .4. 199, 1). 2. Sulpliocyanic 
acid is obtained by gently heating a small ijuan- 
tityof Hg(SCN}.^in a stream of dry H S(W()hl('r, 
0. A. 69, 271); explosions may occur if largo 
quantities are used (Ih rums, /.(.). 

Propeilxcu. A colourless, strongly smelling, 
liquid; crystallises when surrounded by snow 
and salt. An aqueous solution containing 12*7 
p.c. of the acid has S.G. 1*01 at 17° (Hermes, 
I.C.). HSCy is a very strong acid; the atlinity 
is nearly equal to that of HCI (o. Ostwald’e 
Lehybuch der allgemcinen Chcinic, 2, 849). 

lieactions.— l. Decomposed by heat to HCN 
and persulphocyanic acid (H^C^N.S,). Stable 
in dilute aqueous solution (about 5 p.c.); the 
anhydrous acid polymerises on standing. On 
distilling the aqueous aoia the greater part is 
vapourised unchanged. --2. Heated with mineral 
acids, is decomposed to HCN and H Q^N.^Sa, or 
to CO,, NH„ and CS^ or H^S; the products of 
decomposition vary with the concentration of the 
solution of HS.CN used (c/. Vdlckel, A. 43, 74). 
8. Decomposed by sulphydric acid (H.^S) to 
CS.^ and NH, (VOlckel, he.).—4. Oxilisers, s.q. 
KMnO,Aq, produce HCN an(PH„SO, (P6an, C.R. 
46, 626).—6. With sine and sulphuric acid, re¬ 
acts to form H,S, NH„ NH..(CH,). and (CH.,),S, 
(Hofmann, B. 1. 179).—6. Heated with fairly 
cone, sulphurio acid, COS and NH, are pro¬ 
duced (Than* A» Sup^l. 236},—7. Organk 


determine the nature of a specimen of urinary 
calculus. The calculus happened to be of the 
acid variety. The outcome of this work was the 
discovery of Uric and Cyaniiric or Pyro-orio 
acid.s. This is the earliest record of an oxygen 
compound of cyanogen. Scliecle, however, did 
not realise that he had in his hands a hitherto 
unknown chemical compound. Distilling some 
of the calculus he obtained amougotiicr products 
a brown sublimate, which admitted of purifica¬ 
tion by resubliniaticn. The properties of this 
sublimate arc those now known to belong to 
evanuric acid. Moreover, cyanuric acid may be 
obtained by the modo of procedure described. To 
Sehecle the eublimatoni'pcaied to resemble suc¬ 
cinic acid. Peal son (1798, Tr. 31) repeated these 
experiments, and observed in addition most of 
the characters of cyanuric acid known at the 
present day, but, like Soheele, this observer did 
not recognise the sublimate as a new substance, 

' and was content to note its similarity to benzoio 
acid. Henry (1818, Thomson’s SysUmc de 
Chemic, 2, 198) was the first to point out the 
independent nature of the acid, and the earliest 
analysis was made by Chevallier and Lassaigne 
(1820, A.Ch. 13,155). 

At the same time that the cyanuric acid of 
Scheele was being studied, the first obsenrationa 
were made of three important classes of com¬ 
pounds 'the fulminates, the oyanates, and the 
thiocyanates. Brugnatelli (1798, A. Ch. 27, B81) 
prepared ‘Fulminating Silver,’ which,however, 
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he regarded as oxalate, and Howard (1300, 2V. 
201) about the same time described the manufac¬ 
ture and properties of * Fulminating Mercury.* 
That sulphur is capable of combining directly 
with potassium cyanide, forming ‘ Thiocyanate,’ 
was first distinctly observed by Forret (1814, 2V. 
527), the reaction having been studied j^eviously 
by Buchholx (1796, BoitragBurErweiterungund 
Berichtigung der ChemiCt 1, 88). The predic¬ 
tion of Qay-Iiussao of a class of oyanates was 
verified by Vauquelin (1818, A. Oh. 9,115, 22, 
134), who found Ammonium Oyanate among the 
products of the spontaneous decomposition of 
cyanogen in water. 

The discovery of the first compound of cyanic 
acid was soon followed by that of other oyanates 
and of the acid itself. Wohler (1822-24, G. A. 
71, 95; 78, 167 *, P, 1,117) analysed many of 
these, inoluding the silver salt, horn which he 
derived the formula of the acid.* A little later, 
when heating some cyanuric acid, this chemist 
noticed that a gas was given off, having 
a peculiar pungent odour. This proved to be 
free Oyanio Acid, and by a »ntable cooling ap¬ 
paratus Wdhlor succeeded in liquefying it. The 
free oyanio acid thus obtained was examined in 
an important memoir by Liebig and W6hler 
(1830.P. 20,369), and its constitution established 
BO far as the exigencies of the time required. 
Liebig reverts to this question again in 1838 (i4. 
26,122), pointing out that oyanio acid does not 
form double salts and is monobasic. 

In the meantime a study of the fulminating 
mercury of Howard had furnished Liebig with 
some interesting results. These were published 
in 1823 (<?. A. 75, 393) and in conjunction with 
Oay-Lussao in Paris in 1824 {A. Ch. 25, 285). 
From the silver salt, which was obtained in a 
condition sufficiently pure, the composition, 
molecular weight, and basicity of fulminic acid 
were ascertained. The free acid was, however, 
not isolated. Later (1838, A. 26, 122) Liebig 
points out the relation of fulminic acid to its 
leomerides, cyanic and cyanuric acids. It is 
shown to form doable salts and to be dibasic. 

In the bands of Berthollet (1767, A. Ch. 1, 
35} and Gay-Lussac (1815, A. Ch. 90,200) chlo¬ 
rine had been made to act upon prussic acid with 
the formation of gaseous Cyanogen Chloride. 
SeruUas (1828, A. Ch. 38, 890), now employing 
the same agents in the presence of sunlight, ob¬ 
tained a crystalline solid now known to be Gyan- 
orio Chloride. By the prolonged action of water 
this compound was found to decompose, forming 
hydroohlorio acid and a new solid, named by 
SeruUas Cyanic Acid. This cyanic acid was 
perceived to be quite distinct from the cyanic 
«cid of Wohler, but SeruUas does not seem to 
have compared it with the pyro-urio acid of 
^heele. Nevertheless, the properties noted by 
Berollas agree in all respects with those given by 
Pearson tog Soheele’s acid. Tne analysis made 
by SemUas, though not inaccurate for the time, 
entirely overlooked the hydrogen. 

Wdnler made the next step forward by tbe 
discovery of a new compound, Cyanuric Acid, 
among the products of the action of heat on 
area (1829, P. 15, 622). This cyanuric acid was 
at once compared both with the p:^o-nrio acid of 
^heele and with the cyanic acid of SeruUas. 
Its properties were found to agree with both of 


the earlier known substances, and when careful 
analysos were made of aU three they proved to 
be identic^. The subjeot is finally discussed 
by Liebig and Wfihler (1830, P. 20,369), where 
it is Buggosted that the term cyanuric acid should 
be adopted for the single compound whether ob¬ 
tained by the distiUation of uric acid (SoheOle), 
the aotionof water on cyanuric obioride (SeruUas), 
or the action of heat on urea (Wohler),' and that 
the name oyanio acid should be retained for the 
pungent liquid which Wdhlor had found as a 
decomposition product of cyanurio acid, and of 
which Vauquelin had previously prepared the 
ammonium salt. * 

The question of the constitution of oyanio 
acid and its isomcrides is the subject of another 
memoir by Liebig (1838, A.26,145). The basicity 
of cyanurio acid, which had been a matter of 
controversy between Wohler and Liebig, is finally 
decided by the discovery of a triargontio salt, and 
it is shown to have the formula HjC,N,0,2HjO. 
The analogy is pointed out between the acids of 
phosphorus as elucidated #y Graham (1833, Tr,' 
253) and the three isomeridcs:—monobasic 
oyanio acidHCNO,dibasic fulminic acid Bi,2CNO, 
and tribasio cyanuric acid H,3CNO. 

The Thiocyanic Acid, of which Porret pre¬ 
pared the potassium salt, was isolated by Wdhler 
in 1829 {C. A. 69, 271), and in the same year 
Liebig (P. 16, 563) came across a solid substance 
among the products of the action of water on 
cyanurio chloride which, in conjunction with 
Wohler, he found again (1830, P. 20, 336) as a 
product of the decomposition of cyanic acid with 
j water. This compound isomeric with cyanurio 
' acid, but insoluble, was called * insoluble cyanurio 
acid ’ or, later, Cyamelide. 

About this time, too, Liebig (1834, A. 10,10) 
by acting on ammonium thiocyanate by heat 
produced a substance called Mclam, and from 
this, by the action of dilute soda, a base was 
formed richer in the elements of ammonia. This 
base was regarded by Liebig a^ the amide of 
cyanurio acid, and was called from its parent 
substance Melamine (1834, A. 10,18). Another 
base nearly related to those, Mellone, was ob¬ 
tained by the action of heat on mclam, and from 
mellone, by treatment with nitric acid Liebig 
(1834, A. 10,34) prepared an acid, Gyanilic Acid, 
which proved to be an isomeride of cyanuric acid, 
distinguished from the latter acid chiefly by its 
crystalline form and solubility. 

The thirty-five years following 1840 were very 
largely devoted to the discovery of ethereal deri¬ 
vatives of oyanio and cyanurio aoids, and to a 
study of their structure with a view to rendering 
intelligible the very remarkable metamerio series 
of compounds which were brought to light. But 
aside from this main current of research there 
are many other discoveries of scarcely less im« 
poriance. Two of these call for attention at 
once—the study of the action of heat on nitrate 
of urea by Pelouze (1842, A. 44,106) and Wiede¬ 
mann (1848, A. 68, 324), and the interesting re¬ 
action rotween cyanic acid and aldehyde whereby 
Liebig and Wdhiee (1846, A. 59, 296) prepared 
the compound known as Trigenio AoiA 

Three important series of alkyl derivatives 
were discovered during the years 1847>48; 
the oyanio and oyanurio ethers of Wurts, and 
the thiooyanio etbejrs of Cahours. By acting 
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on alkyl poiassium eulphate with a salt of oyanio 
acid.Wurtz (1848, 0. ii.20, 368; ^7, 241) ob- 
taiaed Alkyl Cyanatcs, and using a cyanurato 
instead of a cyanate ho succeeded in preparing 
a series of Alkyl Cyonurates. Uoth these classes 
of ethers when decomposed by water, in presence 
of dilute acids or alkalis, give amines and carbon 
dioxide, showing that they have a similar struc¬ 
ture. The discovery of the ethers of Wurtz was 
partly anticipated by Oahours (1847, A. Ch. 18, 
261), who by the analogous reaction of alkyl 
calcium sulphate with potassium thiocyanate 
obtained Alkylthio<yanatcs. The thiocyanio 
ethers do not admit of their constitution being 
itudied by decomposition Avith water, but the 
same end is attained if they bo subjected to the 
reducing action of nascent hydrogen. The thio- 
others of Cahours give by this treatment mer¬ 
captan and hydrocyanic acid, showing that the 
alkyl radicle is attached to the sulphur and not 
to the ftitrogen. 

The study of ethereal derivatives must now 
give way to the consideration of several new re¬ 
actions which were brought to light at this time. 
Debus (1849, A. 72, 18) in his work on ethyl 
thiocarbaraate or xanthogenamide NHj.CS.OEt 
orNHo.CO.SEt was led to the discovery of a re¬ 
action by which this compound breaks down 
into mercaptan andcyanuric acid. If the consti¬ 
tution of xanthogenamide were better known, an 
important insight might thus be obtained into 
that of cyanuric acid. Notwithstanding the 
attempts of Bincau (1839, A,Ch. 70, 261) to pre¬ 
pare an amide of cyanic acid homologous with 
the cyanuramido or melamine of Liebig, no such 
compound was isolated until Cloez and Can¬ 
nizzaro instituted their inquiry in 1851 (C. li. 
32, 62). These chemists obtained Cyanamide 
by acting upon cyanogen chloride with am¬ 
monia. A very remarkable property of tlie 
cyanamide thus obtiunod is the ease with which 
it undergoes polyniciisation. The result of this 
intramolecular rearrangement, as shown by 
Bailstein and Geuther (1858, A. 108, 99; T23, 
341) is the formation of the dicyanogen homo- 
bguo Dicyandiiimidc. An isomeric series of 
homologous amides is thus completed corre¬ 
sponding to the three classes of mono-, di-, and 
tri- cyanogen compounds. Employing amines 
instead of ammonia in the reaction of Clo6z and 
Cannizzaro, the alkyl cyanamides were prepared 
by Cahours and Cloez (1854, C. H. 38, 354). 

Another instance of polymerisation was an¬ 
nounced at this time by Liebig (1866, A. 96,282), 
When fulminating mercury is allowed to stand 
in presence of water it gradually changes its 
colour and other properties. These changes 
were found to correspond to an entire rearrange¬ 
ment of the molecule, the dicyrinic fulminio 
acid having polymerised to tricyanic Fulminurio 
Acid. The new acid is metamerio with cyanuric 
acid, but in its basicity and in other respects it 
is quite distinct from that compound. Fulmin¬ 
urio acid was discovered independently by 
Sohischkow (i. 97, 63; 101, 213), whose atten- 
tioD was also directed to thj constitution of the 
isomeric fulminio acid froip which it is derived. 
Mercuric fulminate, according to Schisohkow 
(/. R. 16,276), is Hg(CN)j.0,(N0^3.Hg, and ful- 
minio acid (HCN)a.0,Hj2N0,. On the other 
band EekulS (4.101,200 j 106, 279), in nqw oi, 
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I other reactions, regarded fulminio acid as nitro- 
I acetonitril CII.NOjCN. ' 

I Returning once more to the ethers, a reaction 
must be noticed that was first studied by Cloez 
I (1857, (7. R. 44, 482), which in the hands of 
I Hofraanp and other later investigators has done 
; much to give order to the knowledge of cyanio 
j derivatives. CIooz caused cyanogen chloride to 
act on sodium ethylate, and obtained a compound 
j which he called Cyanetholine and which has 
: sometimes been regarded as consisting of a 
; cyanic ether isomeric with that of Wurtz. Gal 
! (1866, C. B. 61, 527), who observed its decom- 
■ position products, correctly so regarded it, and 
moreover judged that it was related to the cyanic 
: ethers of Wurtz in the same manner that the 
I nitriles are related to the isonitriles. 

I Still another reaction was announced at this 
; time for the preparation of ethers. Habich a. 
I Limprioht (1859, A. 109, 111) discovered that 
silver cyanurate and alkyl iodides react, forming 
I cyanuric ethers identical with those of Wurtz. 

I The Cioez reaction was now, in 1870, the 
i subject of an important investigation by Hof¬ 
mann and Olshauscn (B. 3, 269). No cyanio 
ether was found, but, instead, these observers 
succeeded in preparingaseries of Cyanuric Ethers 
mctameric with those of Wurtz. The methyl 
analogue of the cyanetholine of Cloez and Gal 
proves to be a mixture containing cyanuric ether 
and an araido- derivative. Cyanic ethers homo¬ 
logous with these cyanuric others and metamerio 
with the cyanic ethers of Wurtz have never been 
isolated. Hofmann and Olshausen were led to 
predict theforination of aseries of cyanuric ethers 
in this reaction from its analogy to that of Cloez 
and Cannizzaro for cyanamide and Cahours and 
Cloez for alkyl cyanamides, thus:— 


Cl |CN-H( NH)li[H (Cloez and Cannizzaro) 


C] |CN-i-(NH)Et [H (Cahours and CloSz) 

Cl |CN + OEtj H (Hofmann and Olshausen). 

Now in the second reaction the alkyl cyanamide 
was known to polymerise readily at the moment 
of its formation to alkyl melamine. Just m the 
same manner, thought Hofmann and Olshausen, 
might the product of the third reaction, which 
differs only in containing oxygen for imidogen, 
polymerise at the moment of its formation to a 
cyanuric ether. This hypothesis was confirmed 
by experiment. 

The cyanuric ethers thus obtained when 
submitted to the action of water in presence of 
dilute acids or alkalis give cyanuric acid and 
alcohol, showing that the alkyl radicle is at¬ 
tached to the oxygen and not to the nitrogen, 
as it would seem to be in the case of the Wurtz 
ethers. It wotld thus appear that the lyurtz 
ethers are substituted imide compounds, while 
those of Hofmann and Olshausen are substituted 
hydroxyl derivatives. The reaction of both 
mth water then becomes clear, thus 

Hoficaan and OUhauseo. Warte. 

0,N,80R' 0,0,N,E', 

OAH. _ 

■ (0N),80H|8B'05 »00,18NH,R'' 
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The (liflerenoe between these two olasaea ol 
efcets may be represented by the lormulffl:— 


/OR' 

(ch)/or; 


(CO),|.NR' 

^NR' 


or better still by the nse ol ring lormulffl, a de- 
vice which is especially useful when more com¬ 
plex reactions have to be studied. The ether 
correeponding to the hydroxyl acid is of course 
the normal or ortho-ether, while the imide sub¬ 
stituted ether is the iso-ether:— 

Nomal ether of Hofmann and 
Olshaueen. 

COR' 
h/^N 


B'OOl /JOOR' 


i: 


Iso-ether of WortE. 

CO 

R-N^NR' 

jco 


OC 


\/ 

NR' 


In the same manner the normal cyanio ether 
which in the Cloes reaction is probably formed 
in the first instance, but whicij has not been iso¬ 
lated, may be supposed to be related to the 
cyanic ether of Wurtz:— 

(CN).OR' (CO);NR' 

Hypothetical uonnal oyanio Isocyanic ether of 


And the decomposition by water of the two 
ethers may be represented:— 


CNOR' 

HOH 

■(CN)OHIR'OH 

Decomposition of hyiwtbetlcal 
normal ether. 


CONR^ 

OH 3 

CO,,|NH.pi' 

Decomposition of 
iso-ether. 


A very interesting instance ol intramolecular 
change was announced by Hofmann andOlshau- 
sen in this same memoir. It was noticed that 
the melting-point of trimethyl normal cyanurato 
changed on continued heating. In the first place 
it melts at 132°, but after heating lor some time 
the melting-point rises and remains constant at 
176°. Metastasis was suspected, and it was found 
t^t, while before the application of heat the 
oyanorate gave when decomposed with water 
alcohol and cyanurio acid, after that operation 
its decomposition products were carbon dioxide 
and amine. The normal ^.her had changed into 
the corresponding iso-ether of Wurtz. Much in¬ 
stances ol intramolecular migration from nor- 
to iso- in the ease of alkyl derivatives of 
cyanogen compounds are now known to be of 
frequent occurrence. 

Of the thio-analogues of these isomeric ethers, 
one series had been discovered by Cahours. On 
reduction with nascent hydrogen they gave mer¬ 
captan and hydrocyanic acid. 'These were the 
analogues of the hypothetical normal cyanio 
ethers. The series ol isomepo thiocyanates 
corresponding to the cyanio ethers ol Wurtz 
were synthesised by Hofmann (1868, B. 1, 25 a. 
169 : 2,462 ; 7, 814; 8, 106), and constitute the 
•mustard oila’ of which ordinary mustard oihis 
a member. When the meroniw salt of mono- 
alkyldithiocarbamic acid is distilied it loses 
metcurio sulphide, and snlphnretted hydrogra 
and alkyl thio-isocyanate passes over. The 
tiuo-ieoeyanio ethers give on treatment with 
nascent hydrogen not mercaptan and hjdro- 


oyanio acid but amines and thio-aldehyda. The 
two reaotioifk may be seen thus:— 

Normal tbio-ethcr of Cahours. Isothlo-ether of Hofmaon. 
ON.SR' OS:NR' 

H H _Ha H, 

CNHTB'SH HCHS 1 NH^ 

The following discoveries also belong to this 
period:—The production of isocyanic ethers from 
isonitriles by direct oxidation accomplished by 
Gautier (18G9, C. B. G7, 804). The discovery of 
Bioyanic Ethers and Alkyl Melamines by Hof¬ 
mann (1861, A, Suppl. 1,; B, 3,765 ; 1869, B, 

2, C02; 3, 264). The former by polymerisation 
of phenyl-isocyanate in presence of triethyl- 
phosphine, and the latter by desulphurisation 
of monoalkylthio-urea in which case alkyl cyan- 
amide is doubtless first formed and then changed 
into the polymeric melamine. Pinally, the ex- 
■ periment of Beilstein (1860, A. 116, 357), which 
I sliowcd that cyanurio acid treated wilii phos¬ 
phorus pontachloride givts cyanurio chloride. 
Cyanurio chloride is thus seen to be related to 
cyanurio acid precisely in the same way as 
acetyl chloride for example is related to acetic 
acid. It may bo obtained from the acid by 
substitution of its hydroxyl by chlorine when 
treated with phosphorus pontachloride, and, as 
Serullas was the tirst to show, the chloride by 
treatment with water loses its chlorine and again 
assumes hydroxyUn its place, becoming cyanurio 
acid. . 

A period is now reached, commencing about 
the year 1875 and extending to the present day, 
during which the activity of investigators in this 
subject has been directed in the main to the 
question of the constitution of cyanic and cyan- 
uric acids. To these must be added melamine, 
for just as the acids give rise each to two parallel 
j series of mctameric ethers, so, as it will appear, 
does melamine. This isomerism has not yet been 
found among the alkyl cyanaraidrfis or dicyanic 
diamides. It will be seen that in the case of 
the parent hydrogen compounds no reactions 
have been discovered which permit, as in the 
case of their alkyl derivatives, the assertion 
that the one is normal or of the hydroxyl type, 
and the other iso- or of the imide type. 

The discussion was inaugurated by Neneki 
(1876, B. 9, 232), who, working on the compound 
aceto-guanidine, found that by a series of reactions 
it is converted finally into cyanurio acid. In a 
second communication {B. 9, 244) he suggested 
all explanation of these reactions assuming the 
imide nature of cyanio acid. This procedure led 
of course to the view that cyanurio acid is iso- 
or imide in its constitution. Further evidence in 
favour of the imide rffcructure of both cyanic and 
cyanurio acids is found according to Fleischer 
(B. 9, 436) in the desulphurisation of ammonium 
thiocarbamate NH.;.CO.SNH 4 by which reaction 
either urea or iao-cyanate should result: experi¬ 
ment showed that ordinary ammonium oyonata 
was formed. Weith {B. 9,454) then joined the 
controversy, and proposed an altogether new set 
of formulae for the dbmpounds obtained by Nenoki 
from aceto-guanidine. Nevertheless, whilepoint- 
ing out that the imide nature of the acids was 
not proven, he considered the weight of evidence 
to be in favour of that view. Miohler (B. 9,716) 
advanced another reaction to support the iso- 



CYANIC,_ DIOYANIO, AND XRIOYANIC ACIDS. 


307 


ibeoryiiiu distillation of tHiiphenylipea, which 
yields cyamo aoid and diphenylamine.' This 
reaction has, however, no more value as proof 
than the action of heat on urea itself. 

So far the evidence had been very largely in 
favour of the iso- hypothesis. Claus (B. 9, 721) 
now joined issue with the preceding observers. 
He questioned the value of the little understood 
gu.auidine reactions of Noncici as proof of con* , 
stitution, and showed, as Woith had indeed al* i 
ready done, that with equally probable assump- j 
tions the changes observed by Nenchi might be 
explained so as to sd|)port the opposite view. 
Similarly ho contended againstFleischcr that the 
formula for ammonkm thiocarbamato is by 
no means established, and if the alternative 
hydroxyl formula, be used, the 

reaction supports the normal hypothesis. To 
those criticibtns both Nencki and Fleischer re¬ 
plied, F^gischer [B. 9, 988) defending the for- | 
mula which he had employed for tliiocaibamio ' 
acid, and Nencki (2^ 9, lOOS) considering at 


discovery of a* and ;3.Cyanuiic Acids. These 
now acids were said to be obtained by the action 
of hexabromacetone on urea. It has, however, 
recently been shown (Senior, C. J. 49, 693 ; 49 , 
743) that both these acids are merely ordinary 
cyanurio tfoid disguised by traces of impurities, 
i The isomerism of the cyanamido-oarbonio aoid 
discovered by J. Meyer (1878, J. pr. 18, 419) 
is merely coincidental, that compound having 
nothing furtlier in common with cyanurio deri¬ 
vatives. Four isomerides, however, remain to be 
noted, all derived from fulminio aoid. The first 
isIsofuIminuricAcid. It was prepared by Ehren* 
j berg (1884, J. pr. 30, 38) by acting on an ethereal 
I solution of free fulminio acid with ammonia. 
! The remaining three isomerides were discovered 
by Scholvien (1885, J.pr. 32, 461), and all arise 
out of the action of dilute sulphuric acid on ful* 
minates. They #re Meta-fulminurio Acid, i3-Ibo- 
fulminuricAcid,and Iso-cyanilic Acid. Metallic 
salts of each were described, but no alkyl or 
other derivatives. 


length the evidence for and against the two con¬ 
tending theories. The leading points are as fol¬ 
lows : For the wiide or iso- formnla.—l. The 
easy breaking down of cyanic acid by the action 
of water into ammonia and carbon dioxide 
CONH + OHjss CO^ + NHj. -- 2. Tiio conversion 
of cyanic acid into formamide by the action of 
nascent hydrogen COiNH-bH^^H.CO.NH,^.— 
8. The reaction of Wurtz in which cyanates 
and cyariurates yield iso-and not normal ethers 
(CON)K KB'SO, = CONR' + K.SO^. For the 
hydroxyl or normal formula.— 1. If in order to 
explain all the reactions of these bodies it is 
found necessary to assume an intra-molocular 
change, it is easier to imagine it taking place 
from the normal to the iso- than from the iso- 
to the normal atomic arrangements, since it is 
known with what ease normal cyanic and cyan- 
uric derivatives change to the iso* condition, and 
thus to supposeihatin the WurU reactionnormal 
ether is at first formed and that it immedi¬ 
ately changes to iso-ether.—2. Finally, Bcilstoin 
had shown that cyanurio chloride, the normal 
structure of which docs not admit of question, is 
the chloride corresponding to cyanurio acid. 
Nencki admits that the acetoguanidine reactions 
tell equally for both theories. Nencki concludes, 
however, with Weith that the weight of evidence 
is in favour of the imido structure. The discus¬ 
sion was continued by Claus [B. 9,1165), Flei¬ 
scher (B. 9,1459), ana Nencki (B. 9,1552), but 
little further advance was made. 

The fundamental distinction between mono-, 
di-, and tri-oyanio acids which Liebig so clearly 
pointed out has been confirmed, and its value 
appreciated more and more. It may be that 
fulminio aoid is not the dicyauio tfeid homo¬ 
logous with cyanic and cyanurio acids, and that 
this has yet to be discovered. Indeed, there may 
be many such mono-, di-, and tri-oyanogon series 
tc which the numerous isomerides of cyanic acid 
of which the constitution is at present so little 
known will contribute members. ^ 

By the help of this conception a place is 
ready for the Thiodioyanio Acid discovered in 
1876 by Fleischer (A. 179, 204), and perhaps 
lor several new isomerides of cyanic acid which 
have now to be noticed. It was just at this 
time that Herzig (B. 12, 170) annoanoed the 


^ In the present ^ate of their history it would 
I be premature to speculate as to the constitution 
of this remarkable group of isomerides. It may, 
however, bo worth while to bear in mind that the 
possible inetamerides of cyanurio acid arc very 
great, especially when mixed types are con¬ 
sidered, as, for instance, the two conceivable in¬ 
termediate acids between normal and iso-oyan- 
uric acid (c/. Senier, Inaug. Dissert., Berlin, 
[1887] 28). 

A further study of these fulminurio acids 
may help to clear up the constitution of fulminio 
acid itself, for like the latter acid some of them 
evolve hydroxylamine when decomposed by 
water in presence of hydrochloric acid. It was 
on this account that Steiner ^1883, B. 16,1481) 
suggested tho following isomtroso-formula for 
C=NOH 

fulminio acid || , whereas he bad pre- 

C=NOH 

vionsly (1876, B. 9, 782) been an adherent of 
Kekul5 (1857, A. 101, 200; 105, 279), who re- 
garded it as nitroacetonitrile. The recent work of 
Divers ([1885] C. J. 47, 79) has led to another 

. N=cn 

formula 0<^ I . According to Armstrong, 
N=COH 

the essential facts arc* best represented for the 
^O-OH 

present by one of the following, | 

\C==N.0H 

N=-CH 

or I I (0./.47,79). 

0-C=N.OH 

In the next place two annotmeements call for 
notice which have an interesting bearing on the 
I constitution of cyanurio aoid. The first is the 
production of melanurenio acid, a derivative of 
cyanurio aoid, by*Bambergcr, by the aotion of 
water on dioyandiomide {Inatig. Dissert., Berlin 
1880; B 16,1074; 16,1459; 16,1703). Bam- 
borger ascribes to dioyandiamlde the formula 
I C:N£[.NH,:NECN as preferable to Baumann’s 

forma!* (1873, A 6,1876), (ONH)<^^>(CNH). 

The second is the study of the absorption spec 
trum of oyanuric aoid which led Hartley (1882, 
< 3 . (7.41,48) to the oonolusion that it has a ring 
I formula and doublydinked atoms. This ii 

xS 
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ooarad qaite in accord with the normal 6r hy¬ 
droxyl theory. 

There remain to be considered the important 
researches of Hofmann, Klason, Ponotnareff, 
Mulder, and Bathke. These investigations are 
for the most part contemporaneous. They also 
largely supplement one another; and although 
they do not explicitly support the same hypo¬ 
thesis, they do not take the form of a discussion. 
Only an outline of the more important features 
of this work can be attempted here. 

Commencing with Mulder in the year 1882: 
the Glodz reaction was the first to engage the 
attention of this observer (B. 1, 41,191; 2,133; 
8,287). The results in the ethyl series were 
similar and parallel to those in the methyl series 
of Hofmann and Olshausen. The most interest¬ 
ing observation is that normal cyanic and cyan- 
uric ethers give bromine addi^on compounds, 
while the isocyanio and cyanuric ethers form no 
such combinations. This, according to Mulder, 
becomes a test by which the one structure can be 
distinguished from the other. Now cyanuric 
acid does not combine with blomine, and hence 
it is regarded as iso- in constitution. The com¬ 
pound with cyanuric ethyl ether has the formula 
CsNsOjEt^V By the use of this test Mulder 
was led in 1^5 to recognise the diethyl cyanurio 
ether of Blabich and Limpricht as an iso- com¬ 
pound (in. 4, 91). Subsequent observation has, 
however, not confirmed the value of this reaction 
as a test in all oases. 

Many attempts have been made to discover 
amcmg the metallic cyanates and cyanurates 
isomeric differences like those found among the 
ethers. An investigation of Calmels in 1884 
{C. R. 99, 239) would seem to show that metallic 
cyanides analogous to the nitriles and carbamines 
exist, bnt hitherto no one has found evidence of 
a similar isomerism among the metallic cyanates 
or cyanurates. The experiments of Mulder in 
1882 {B, 15, 69) with this object proved as 
fruitless as those of Bannow (1871, B. 4, 254; 
18,2201) had been. 

Mule ier suggested new formula for bromide 
and chloride of cyanogen N,3GBr and NsSCCl, 
and in a series of communications in 1885-6 (72. 
4,47; 4, 151; 5, 65; 5. 84; 5,99) studied the 
properties of the bromide. The curious fact was 
noted that pure cyanogen bromide does not 
polymerise, but that this change takes place 
readily in presence of a trace of free bromine. 
Two curiouS' addition products of cyanogen 
bromide with ethyl cyanurate are described 
03 N, 0 ^t, 2 BrCN and 0,N,0,Et,BrCN (c/. Senior, 
Biisert., Berlin, 1887, 84). 

As in the case of Mulder, so the work of 
Ponomarefl commenced with a study of the 
cyanetboUne of CloSz. This chemist in 1882 
{B. 15,518) arrived at results in accordance with 
those of Hofmann and Olshausen, and proposed 
the use of mercuric chloride to distinguish iso- 
from normal cyanurio compounds. This reagent 
gives crystalline addition compounds with nor¬ 
mal derivatives, that in the case of normal 
ethyl ovanurate being (0K)|80Et,HgCn^. Unfor¬ 
tunately, like the corresponding bromine test of 
Mulder, this mercuric chloride test has been 
shown to be inapplicable to all oases (Hofmann, 
1885-4, B. 18, 2796; 19, 2098). 

The stndy of the formation of cyanurio ethers 


and the preparation of alkoyl derivatives in the 
hands of Pbnomareff threw additional light on 
their struotujre. Hofmann and Olshausen had 
prepared the cyanurio ethers by the Olo6z reac¬ 
tion, using cyanogen chloride. The method was 
simpUliod by Ponomarefl in 1885 (B. 18, 8261), 
who employed the already polymerised cyanurio 
chloride. By this means he obtained normal 
cyanurio ethers which gave cyanurio chloride 
again when treated with phosphorus pentaoblor- 
ido, and gave melamine by the action of am¬ 
monia. In the next place this observer studied 
the reaction of Habich ai^ Limpricht, by which 
only isocyanurio ethers had been obtained. By 
allowing the alkyl iodide to act on silver oyan- 
urate at a low temperatdre there was always 
formed together with the isooyanurate some 
ether that gave a crystalline compound with 
mercuric chloride, and hence was judged by Po- 
nomareff to be normal ether. The experiment 
was afterwards repeated by Hofmann«and the 
crystalline mercuric chloridecompound examined 
(1836, B. 19,2093), but it was proved that the 
mercuric chloride was combined not with normal 
but with iso- ether. In the same memoir Pono- 
mareft described the first alkoyl derivative of 
cyanurio acid, triacetyl cyanurate. The corre¬ 
sponding tribenzoyl cyanurate was obtained soon 
aiter\vards by Senior (1886, C. J. 49,813). 

The reaction between dioyandiamide and 
carbon dioxide already pointed out as giving 
rise to a mixed cyanurio acid and mela¬ 
mine, melanurenio acid, was made the basis 
of an interesting communication from Bathke 
I in 1885 (B, 18,8102). This inquirer noted that 
i when such compounds as H.p or NH, or 00|, 
I which can divide into two divalent radicles, for 
: instance Hj + O, Hj + NH, and 0 + CO, combine 
I to form addition compounds with cyanogen deri- 
I vatives, they do so in accordance with a general 
I law, the one residue joining the oarbon and 
the other the nitrogen. Thus nitriles take up 
the residues of water or sulphuretted hydrogen, 
giving acid amides or thio-amides, or tney take 
up ammonia or amines forming amidlnes. To 
this class of reactions belongs, according to 
Bathke, the conversion of dioyandiamide into 
melanurenio acid, and also the parallel reaction 
announced for the first time between dioyandi- 
amide and thiocyanic acid, where combination 
to thioammeline takes place. Using Bamberger's 
formula for dicyandiamide, the reactions may be 
represented thus:— 

c s cs 

HN A J, I HNj^NH 

HNcl +,CNH- hNcI yCNH 
^NHH NH 

Dloyan- Tbio- Tbio- 

dlamiCfl ojaolo sold anmallne 



Diorui' Oarbon Ualanare&to 
dlamide dioxide aeld 

The bearing ot these leaetions on the oonitl- 
tntion oi ojanario aeid and melamine U eridani 
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Jjnmelind and melanorenio aoidg %re amido- 
Aoids between melamine and oyanurio aoid, and 
if the above expressions be the true ones, both 
the acid and melamine are imido* or iso« and not 
normal compounds. The following formula 
showing ovanurio acid and melamine both as 
normal and iso* compounds will assist in making 
this clear:— 


COH 


EOO'l 


CNH, 

nAn 


COH H,NCl 


Acid 


/ 


!cnh, 



ONH 


According to Hofmann the weight of evidence 
is in favour of the view that both those com* 
pounds are normal in constitution. Batbke 
pointed out that those two reactions must be 
considered, and whether the formula of Bam¬ 
berger be employed or the alternative one of 
Baumann, they both lead to the conclusion that 
tbio-ommeline and melanurenio acid are iso- 
compounds, and indirectly to the iso- nature of 
cyanuric acid and melamine. One class of re¬ 
actions requires the one formula, another class of 
reactions the other. In Bathke’s view it is im¬ 
possible to find a formula to account for both 
classes of reactions. It seems that the position 
of the hydrogen atoms, unlike that of the alkyl 
radicles, is not stable, and that indeed both for- 
mulffi may b^ employed side by side. In the 
same manner Bathke recommends the use of two 
formulto for hydrocyanic acid, acotacetio ether, 
the lactam and lactim groups, thio-urea, and 
other similar cases. 

In another communication (1887, B. 20,1056) 
this standpoint was developed further, and in 
view of the discovery of several tripbenylmela- 
mines Bathke suggested the addition of a third 
imide type for alkyl melamines, thus 


CNHB' 



The radicles attached directly to the ring as in 
the first iso- form are said to be in the ^o- por¬ 
tion, while those attached to side chains as in 
ths second iso- fonn are termed «xo: This sys¬ 
tem was suggested in order to Moount for the 
iostanoes of complex isomerism in the cue of 


phenylmelamines, which Hofmann was the first 
to point out. In the communications following, 
Bathke ([1887-8], B. 20,1066; 21,867; 21,874) 
announced several new complex derivatives, the 
oonstitu^on of which he studied by means of 
this hypothesis. These are Phenyl Thiamme- 
line, Triphenyl Ammeline, Monophenyl Iso-oy- 
anurio acid, Diphenyl Melamine, and Triphenyl 
Melamine. 

No inquirer in this department of ohemioal 
research hiu been more unwearied, and none 
has been more successful, than Hofmann. As 
early as 1857, in conjunction with Cahours (A. 
102, 29S), he discovered allyl cyana^, and from 
that time to this he has reverted to the subject 
again and again. The earlier communications 
have been already noticed, but there remain a 
series of exhaustive critical memoirs which have 
appeared during the last few years of which only 
the barest outline can be given. They are an 
attempt to settle the question of the constitution 
chiefly of cyanurio acid and melamine, but they 
bring into their service numerous new reactions 
and classes of compounds. 

In oneof the first of these, in 1881 (B. 14,2728), 
Hofmann described a new reaction in which iso¬ 
ethers are among the products. It is the action 
of heat on alkyl acetyl urea. Together with 
isocyanic ether di- and tri-alkyl isocyanurate are 
formed. In another paper in 1880 (B. 13,1349) 
some interesting instances of intramolecular 
change are described. Just as the cyanic methyl 
ether at first formed in the CIo3z reaction was 
found by Hofmann and Olshausen to polymerise 
to methyl oyanurate, so the same change is now 
effected in the case of methyl thiocyanate, which 
is converted into methyl thiocyanurate, and also 
(1885, B. 18, 765) in that of phenyl isocyanate, 
which becomes phenyl isocyanurate. The general 
tendency of the normal to pass over into the more 
stable iso- atomic arrangement finds another 
example here, for together with the trimethyl- 
thiocyanurate some of the iso- compound ia 
always formed. Hofmann called attention to 
the fact that pure methyl-thiocyanate does not 
polymerise by heat alone, but does so in presence 
of a little hydrochloric acid. It will be remem¬ 
bered that in the same manner Mulder found 
that cyanogen bronyde only admitted of poly¬ 
merisation when mixed with some other 8ub> 
stance, as, for instance, with free bromine.^ The 
action of such agents as hydrochloric acid and 
free bromine in those instances, and the still 
more remarkable action of triethylphosphine or 
pyridine (Snape, 1886, C. /. 49,254), which con- 
vert phenyl isocyanate only into dioyanate, while 
if certain dry salts are substituted, sodium ace¬ 
tate, sodium formate, or sodium carbonate, the 
intramolecular re-arrangement goes aafar as the 
production of pyanurate; these are facts 
which chemistry in its present state of develop¬ 
ment offers no explanation. 

' From methyl-thiooyannrate thus obtained 
Hofmann isolated in 1886 for the first time free 
Thiooyanurio Acid (B. 18, 2196). The methyl 
ether, by treatment with sodium sulphide, is 
converted into the sodium salt, methyl mercap¬ 
tan being formed at the same time, and the 
sodium salt, when treated with hydroohlorio aoid« 
has its sodium replaced in three stages, forming 
two intermediate acid sodium thio-oyanuratei, 
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ikud finally free thio-cyanorio acid. The sodium 
saltof thiocyanurioacid may be alsopreparedfrom 
oyannrio oUoride by the action of sodium mer- 
oaptide. 

PuTsuing the inquiry still farther into the 
beiiaviour of this thio- analogue of Isyanurio 
acid, the action of ammonia and amines on the 
trimethyl ether was investigated in 1885 {B. 
18,2755). Water decomposes the ether in ac¬ 
cordance with the general reaction into cyanurio 
acid and mercaptan, and it was thought that 
ammonia might similarly give mercaptan and 
melamine, thus 

(CN),3SMe + 3H{HO) -(CN),80H+3MeSH 

(CN),38Me + 8H(KH,) = (CN),3NH, + 3MeSH* 

Experiment proved this to be the cese. Mela¬ 
mine^ is thus advantageously prepared. The 
reaction takes place, however, m three stages, 
two intermediate compounds being formed — 
mono-amido- and di-amido- ether—thus:-— 


/SMo /NH, /NIIj yNH- 

O^j^SMe C,N,^SMe CaN^-NH^ 

\SMe \SMe \SMe 

ether intermediate compounds melannuc. 

The action of substituted ammonias was now 
tried, and corresponding alkyl melaminos and 
intermediate alkyl amido- ethers resulted. 

Melamine and alkyl melamines are also | 
produced, as was expected, from cyanuric chlor¬ 
ide, and ammonia or aminos, and in this case, 
too, a series of intemrediato amido- and alkyl 
amido- cyanuric chlorides was obtained, thus : 


/Cl 


(CN)^CI (CN)/C1 ■(CN).f NH; (CN),f NH; 


NH, 


e^-Hi 
cblo 




•NH. 


/Nil, 

\ / •VU 


\ci 


\nh. 


The second of these intermediate compounds 
was identified as Liebig’s chlorcyanamide (1834, | 
10,43), and its pbenylamido- analogue as the ' 
compound described by Lauiciit (1848, A. Ch. 
[3] 22, 97) under the name chlorcyanilide. 

The alkyl melamines obtained by those re¬ 
actions were at once compared with those which 
Hofmann had himself prepared sixteen years 
before by desulpliurisation of substituted thio¬ 
ureas, and were found to be metamerides. Here, 
then, were two metamcric kerics of alkyl mela¬ 
mines just as there are two scries of alkyl 
oyanates and cyanurates and their thio- ana¬ 
logues. One might be normal and the other iso-, 
corresponding to the normal and iso- cyanates 
or cyanurates. Their constitution was now to 
be solved. It was feared that the action of 
water would give no clue to the structure of 
these compounds, because on the assumption of 
cither constitution cyanuric acid and amine 
would probably be proauced. Thus: 
(CN),3NHMe -f 8H,0 = (CN),85h +8NH,Me 

slkyl-N-meUmioe eyaourio acid amiue 

(CNMe),8NH + 3H,0 *= (CO),8NH -h 3NH,Me 

alkyl'Uo-melamlM cjuutirlc acid amine. 

It is true tihai in the one case the acid at first i 
formed ought to be normal and in the other iso-, I 
but all experience had shown that, whatever | 
might be the constitution of the acid in the first ; 
moment of its existence, it was always found I 
when examined to be one and the same cyanuric 


acid* Expociment confirmed this expectation, 
and it became necessary to seek some other 
method. 

This was found by Hofmann in 1885 {B. 18, 
2781) in a reaction between cyanuric chloride 
and secondary amines. In this reaction neither 
melamine nor its primal^ alkyl derivatives, but 
secondary alkyl melamines were produced — 
Hexa-alkyl Melamines. These were prepared, 
and it was seen that ah examination of the 
decomposition products when acted upon by 
water would decide whether they were normal or 
iso- compounds. Thus: *■ 

(CN),3NMe, + SH^O - (CN)330H + SNHMe, 
alkyl-n-melamlne cyariuuo acid secoodory 

amine 

(CNMel^SNMe -i- 3H,0 «(CO)33NMe 3NH.,Me 
alkyl-lso-mclimine methyl-lso- monamlce. 

cyannrate 

Here was a distinction that could be observed, 
and experiment showed tl;iat the first equation 
represents the reaction which takes place. The 
new alkyl melamines are to be regarded, then, 
ns normal derivatives, and the iso- structure is 
reserved for the mctameric compounds derived 
from substituted ureas. 

What, then, is the constitution of melamine 
itself ? When the close analogy existing between 
the reactions by which the uorinal alkyl mela¬ 
mines arc produced, and that by which melamine 
itself may be obtained is perceived, there cannot 
remain much doubt as to its normal constitution, 
thus:— 

(CN) ,C1, + 3H(NMej)»(CN)33NMe3 3HCI 
(CN),C1, -h 3n(NHMe) = (CN),3NHMc + 3HC1 

(CN)3C1, + bHtNHj) = (CN),3NHj+ 3H01. 
Moreover the normal constitution of cyanurio 
chloride must not be forgotten. From it are 
derived only normal ethers, an<l from normal 
ethers, as Hofmann himself shows, cyanurio 
chloride may be reproduced by the action of 
phosphorus penlachloride. Two subsequent me¬ 
moirs (B. 18, 3217 ; 19, 2001) contain a doscrip- 
tion of many new derivatives of nomial and iso- 
cyanuric acid and melamine. Residues in the 
position which Rathke afterwards proposed to 
designate by the denomination eso are shown to 
exist in some of these complex derived com¬ 
pounds. This is notably the case with the 
triphenylmclamine which Hofmann designates 
unsymmetrical, and which Rathke would term 
dicsotriphenylmclamine. It has the formula 
C NHPh 

PhN N 

I ( 

HNC CNH 

\/ 

NPh, 

and is composed of two iso-melamine and one 
normal melamine group. The cyanurio ethers 
wore submitted to a careful re-examination in the 
first of these papers, and their melting-points 
and boiling-points re-determinod and corrected, 
and in most casei their crystalline form sub¬ 
mitted to exact measurements. 

The question of the constitution of cyanurio 
acid w.as considered by Hofmann mainly in one of 
the memoirs already referred to (B. 18, 2791)* 
It was pointed out in the first place that the con* 
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ititution of the normal and iso- eerin.s of alkyl 
derivatives is established beyond question by the 
pertectly distinct products which they give when 
Bobjeot^ to the decomposing action of water. 
The normal ethers break dovrninto oyanuricacid 
and alcohol, the iso- ethers into carbon dioxide 
and amine. So far, thou, as the decomposition 
of the ethers is evidence, cyanin ic acid is a nor¬ 
mal compound. But, on the other hand, no one 
has succeeded in preparing normal others from 
cyanuric acid. Iso- others, as in the methods of 
Wurtz and Habich and Limpricht, are always 
obtained. So far, th^, as the formation of the 
ethers is evidence, cyanurio acid is an iso-com¬ 
pound. Consideration of these reactions leaves 
the question an open^)no. Other reactions must 
bo studied. It is argued that cyanuric acid is 
iso- because of its formation from urea and cer¬ 
tain allied compounds; but this assumes a con¬ 
stitution for urea which is by no means finally 
establislied; and which, indeed, as Hofmann 
points out, has been (Jircctly questioned. Again 
to cyanurio acid is assigned the iso- structure, 
because of its homology with cyanic acid, which is 
assumed to be iso-. If cyanic acid were really 
iso- this argument would have great weight; but 
Hofmann showed, especially by means of its 
close analogy to normal thio-cyanic acid, that 
cyanic acid ia probably normal in constitution. 
It is admitted, however, by Hofmann that in 
order to explain all tlie reactions, whichever view 
be accepted, an intra-molecular rearrangemout 
has Bometimea to bo assumed. For instance, 
maintaining the normal hypothesis such a change 
has to be supposed in the case of the reactions of 
Wurtz and Habich and Limpricht. It is shown, 
however, that instances of this change from nor¬ 
mal to iso- are of frequent occurrence, whereas 
there is scarcely a case on record—only one ■ 
which Hofmann himself in alatermemoirpointed ' 
out • of the opposite change. This then ia an i 
argument in favour of the normal hypothesis. | 
But perhaps t?ie strongest of all arguments in i 
support of the normal view is the relation of 
cyanurio acid to cyanuric chloride. This chlo¬ 
ride is, for reasons already given, unquestionably 
a normal compound. Now phosphorus penta- 
chlorido behaves towards normal cyanuric ethers 
in a manner precisely parallel to its action, as 
shown by Beilstein, on cyanuric acid itself. In 
both cases cyanuric chloride results. Again, from 
cyanuric chloride and alcohol (sodium ethylate) 
normal ether is obtained, and in the parallel 
reaction between cyanurio chloride and water 
(sodiumhydroxide) cyanuric acidresults. Thus:— 
(CN),30R' + 3PClj = (CN),CI,-f 3POC1, 3R'Cl 
(CN),30H + 3PC1, = (CN)sCla + 3POCi, + 3HCI 
and 

(CN),C1, + 8R'OH - (CN)s30R' + 3HC1 

(CN)A + 8HOH * (CN),30H -f SHCl 

This analogy receives important support from 
the corresponding thio- derivatives. It is scarcely 
conceivable that intramolecular change takes 
place in one series of these reactions and not 
in the other, and indeed the somposition of the 
chloride of iso-cyanurio acid is probably such 
tliat it would be impossible for it by metastasis 
to be converted into cyanurio chloride; at all 
events Hofmann shows that the action of phos¬ 
phorus pentachloride on iso- ether leads to the 


foraation of a chloride having an altogether 
lu coinposition. In another memoir in 
lB8b (S. 19, 2034) Hofmann continues this dis¬ 
cussion. Klason in the meantime had offered 
another explanation of Rathke’s dicyandiamide 
and thio|yanio acid reaction, which led to the 
normal and not the iso- structure for thio-amme- 
line. Hofmann adopted this. With regard to 
the use of more than one formula as suggested 
by Rathke, Hofmann can only admit this prac¬ 
tice if it be meant to imply that a compound 
behaves in one reaction as if it had one consti¬ 
tution, and in another reaction as if its consti¬ 
tution wore a different one. The identity of a 
substance requires that in its quiescent state it 
be regarded as one and the same thing. The 
only way out of the difficulty with regard to the 
constitution of cyanurio acid is to adopt that 
formula which explains the most reactions, and 
to assume in toe others that metastasis takes 
place. Hofmann therefore adopts the view that 
cyanurio acid is a normal or hydroxyl compound. 

There now remain to be considered a series 
of important communications from the Swedish 
chemist, P. Klason (or Claesson, as it is written 
in tbe Swedish memoirs). The field indepen¬ 
dently worked out by this observer ia coveted 
very largely by that of Hofmann, and has already 
been noticed. This is true also with regard to 
the view to be taken of the constitution of cyanic 
and cyanuric acids and melamine. The leading 
points which remain must now be briefly 
stated. 

In an early communication in 1885 (J5.18, 
406 R.) some important improvements were sug¬ 
gested in the preparation of cyanuric chloride, 
and the discovery of Cyanuric Iodide was an¬ 
nounced. A series of normal melamines was 
described a little later (B. 18, 497 R.), and it 
was shown that thio-ammelino was normal and 
not iso-, as Rathke bad maintained. Klason 
proved this by its synthesis from Liebig’s chlor- 
oyanamide (normal diamido-cyanurio chloride), 
by the action of sodium sulphydrate. The fact 
that cyanamide by polymerisation gives ordinary 
normal melamine leads to the view that it also 
is normal (B. 18,499 R.). On the other hand 
Klason considered the only known series of alkyl 
cyanamides to bo iso- compounds because they 
polymerise to alkyl isg-melamines. Maintaining 
the normal structure for cyanic and cyanurio 
acids Klason (188C, J. pr. 33,120) submitted the 
reasoning of Nencki and the more recent argu¬ 
ments of Rathke to a detailed criticism. It wm 
shown that another formula can be ascribed 
equally well to aoctoguanidinc, and that this 
leads to the normal formula for cyanuric acid. 
This is the case also with Ratlike’s reaction 
between dicyandiamide and thiocyauio acid, for 
Klason maintained that the diamide is a normal 
and not an iso-^oompound. The case of Bam¬ 
berger’s reaction is admittedly different. In 
order to explain that reaction, metastasis has 
undoubtedly to be assumed. Subsequent exami- 
nation of the melam compounds by Klason (1886, 
J, pr. 33,2S5) showed that ordinary melam is a 
mixture of true melam and a new compound 
melem, and that ordinary ammelide is a mixture 
of melanurcnic acid and ammeline. It was there¬ 
fore propos^ to apply the name ammelide to 
molanurenio acid, in which case the compounds 
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I>etween o^anario acid on the one hand and 
melamine on the other would be as follows 
/OH /NH, /NH, /NH, 

syannrio acid ammelide ammeline m^amine. 

MONOCTANOGEN GBOUP. 

Normal oyanio add GNOH i.e. (G:N).OH. 

Formation.—1. By the action of beat on 
oyannrio acid (W 6 hler, G. A. 71,95; 73,157; 
P. 1.117; Liebig a. Wohler, P. 20, 369)—2. 
In place of cyanoiic acid a mixture of P^O, and 
urea may be employed (Weltzien, A. 107,219) 
or a mixture of uric acid with MnO, or H 0 SO 4 
(DSbereiner, O. A. 74, 121), or mercuric urate 
may be heated alone.—3. Cyanic acid is also 
formed when ethyl thiocarbamate is subjected 
to distillation. CO.NH 2 .SEt» CNOH + EtSH 
(Debus, A. 72, 1; 75,127; 82, 253). 

Cyanic acid cannot be isolated by treatment 
of its metallic or alkyl salts with hydrous acids or 
water, for the moment it is liberated it takes up 
the elements of water and appears as NH, and 
COj. 

Preparation. —Anhydrous cyanuric acid is 
heated nearly to redness in a current of COj. 
This is conveniently accomplished in a tube 
bent at right angles, the charged arm of which 
can be placed in a combustion furnace. The 
vapour of cy&mic acid is led into a suitable con¬ 
denser surrounded by a freezing mixture, ^tore 
or less polymeric oyamelide is always formed 
and condenses as a snow-white solid in the 
cooler parte of the tube (WSbler) (Baeyer, A. 
114,156). 

PropertiM. —A thin colourless liquid which 
reddens litmus and has an extremely pungent 
odour suggestive of glacial acetic acid. The 
vapour causes a copious flow of tears and the 
liquid applied to the skin quickly raises a blister. 
S.G. (li) 1-140; (-^0 1-156 (Troost a. Haute- 
fenUle, J. 1868, 314). V.D. 1-50 (calc. = 1-40) 
(T.a.H.). H.C. 98,470 (T. a. H.). Cyanic acid 
changes readily into the isomeric cyamclide or 
* insoluble cyanuric acid.’ AtO'^thistransforma- 
tion takes place quietly in the course of an 
hour, but at higher temperatures the action be¬ 
comes explosive. The hjat evolved by this 
atomic rearrangement is 17,630 gram-units 
(T. a. H., J. 1869, 99). In ice-water cyanic acid 
dissolves without decomposition until a certain 
degree of concentration is attained. 

Reactions. —1. In presence of trieihijl phos- 
phine it polymerises to cyanuric acid (Hofmann, 
0. 8. Mem. 13, 822).—2. Acted on by water it 
immediately splits into NH, and CO 3 .—3. Alco¬ 
hol reacts on cyanic acid forming allophanic 
ether 2CNOH + EtOH - CO.NH.,.NH.COOEt.— 
4 . With epichlorhydrin G,H,QOl it combines 
to form ohioroxypropyl carbamic anhydride 


\0-AH,Cl (Thomsen, B. 11,2136).- 6. By 
the action of aldehyde trigenic acid is produced 
20 NOH-fCH, 0 HO»C 4 H,N,O*-^CO 2 (Liebig a. 
Wdhler, A. 59,296; Herzig, M. 2, 398).—6. So¬ 
dium amalgam reacts on CNOK, producing 
formamide (Basarow, B. 4, 409),—7. When dry 
EOl ii passed over CNOK or better CNOAg 


oyamelide is formed and a liquid oyanio acid 
hydrochloridfc CNOH, HCl distils over (Wdhler, 

A. 45, 357).— 8 . With chloral oyanio acid 
vapour combines to form oyanio acid chloral 
(CCljCHOl^CNOH, and with chloral hydrooy- 
anide it also combines to form the compound 
(CCl 3 CHO,HCN)CNOH (Bischoff, B. 6 , 86 ; 
Ceoh.B. 8 , 1174; 9, 1253; 10, 880; Wallaoh. 

B. 8 , 1327). 

HaLOOSN DXKIVATIVSS. 

Cyanogen chloride CNCl i.e. (CiN).Cl. 

Formation. —By the action of Cl on aqueous 
hydrocyanic acid (Bertholl^, A. Ch. 1, 36; Gay- 
Lussac, A. Ch. 90, 200), or*on certain metallic 
cyanides in presence of water (Serullas, A. Ch. 

[2] 35, 291,337; cf. Wohler, 73,219; Cahours 
a. Cloez, A. 90,97; Cloez, A. 102, 364; Klein, 
A. 74, 85; Martins, A. 109,79; Langlois, A. Ch. 

[3] 61, 481). 

Preparation, —About 15 gramsof Hg(CN) 2 are 
placed in a 3-Utre bottle and partly covei^d with 
water. Cl is then led in till the whole of the 
air is displaced, and the bottle is sot aside in a 
dark place for 24 hours. The colour of the 01 
gradually disappears, its place being taken by 
colourless gaseous cyanogen chloride. Several 
such bottles maybe charged and set aside at the 
same time. For most purposes the gas thus 
prepared may be at once made use of. If, how¬ 
ever, it is desired to isolate the pure chloride the 
bottle must be placed in a freezing mixture, when 
crystals of CNCl form, and these by a series of 
operations are separated in a pure state (Serullas) 
(Wohler). Explosions having sometimes occurred 
by the above method (Weith, B. 7,1746), the re¬ 
action between aqueous HCN kept in a freezing 
mixture and Cl is preferred by some chemists 
(Gautier, A. 141,122). In any case the greatest 
care is requisite, on account of the extremely 
poisonous nature of this gas, to prevent its escape 
into the atmosphere of the laboratory. 

Properties. —At ordinary temperatures it is a 
colourless gas with a pungent odoVr and irrita¬ 
ting action on the eyes. Exceedingly poisonous. 
At —12° to —15°, or at 0° under a pressure of 4 
atmospheres, it condenses to a colourless liquid, 
and at — 18° it crystallises in prisms. V.D. 
-^2-124 (calc. = 2-128) (Salet, A. 136, 144; cf. 
Wurtz, A. 79, 284; Regnault, J. 1863, 65, 67, 
70). C.H. (Bertbelot, /. 1871, 79; 1874, 114). 
Polymerises spontaneously but gradually into 
(CN) 3 C 1 s. S. 25; 50 (ether), 100 (alcohol). The 
aqueous solution does not redden litmus, and 
gives no pp. with AgNO,. 

Reactions.—1. Potassium heated in CNCl gas 
gives KCN and ECl, and antimony in a similar 
manner forms a chloride and liberates cyanogen. 
2. With aqueous BHO it is converted into 
CNOK andfKGl.—3. Alcohols dissolve CNCl, 
and on standing a reaction gradually takes place 
with the formation, among other products, of 
carbonic and carbamic ethers (Wurtz).—4. With 
sodium alkylate CNCl reacts, forming, in the 
first instance, normal cyanic ethers, which, how¬ 
ever, immediately polymerise to the correspond¬ 
ing cyanuric compounds (Cloez, 0. R. 44, 482; 
Hofmann a. Olshausen, B. 3, 271).—6. With 
ammonia cyanamide and NH^Cl are formed, 
and in the same manner alkyl ammonias form 
alkyl cyanamides (Cloez a. CannizzaiOf A. 78, 
229; 90,96). 
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Otftfibincttions. —1. With other halogen com* 
pounds: SbClaCNOl (Klein, A. li, 87); BOL 
CNa (Martins, A. 109,79); Fe^CL 2CNC1 (K.); 
Ti 0 l 40 NCl (Wdhler, A, 73, 220); EtCNONCl 
(Henke, A. 106,286); the compound (ONCl).HON 
(Wurtz, A. 79, 281) is said not to exist (Vogt, 
A. 166, 170).-2. With NH^OH, HOI, PH,HI, 
CO 2 NH 2 , &o. (Traubo, B. 18, 462). 

Cyanogen bromide CNBr i.e. (C:N).Br. 

Formation. - By tlio action of Br on Hg(CN )2 
(Serullas, X. Ch. [2] 34, 100; 35, 294 a. 316) or 
on HCNAg (Lowig, Das Brom und seine clie^ 
mischen Ver)u\ltnism, Heidelberg, 1829, 69), or 
on a cold solution of KGN (Langlois, A. Ch. [31 
61, 482). 

Preparation. —TOen 1 part of Br is allowed 
to flow gradually on 2 parts of Hg(CN),, in a 
retort surrounded with ice CNBr and HgBr.^ are 
formed with great evolution of heat. The CNBr 
sublimes in needles, contaminated at first with 
free B?, but ultimately the Br flows back and 
enters completely iifto combination. Gentle heat 
is then applied, and the GNiir sublimed into a 
receiver 8iUTound{;<l with ice (Serullas). 

Properth-!.— CNBr sublimes in colourless 
ncetUes, wlucli afterwards change to cubes (S.). 
[ + 4°] (Ldwig); [abovo 10”] (S.) ; [not even at 
40”] (Bineau, A. Ch. [2] 08, 425) ; [48”] (Senior, 
priv.com.)', [52’] (Mulder, i?. 4,161). (61”) (750 
mm.) (M.). ll.F. (Bertholot, J. 1871, 80). 
Vapour pungent and irritating, resembling 
CNCl. V. sol. HjO and alcohol. Forms a 
crystalline hydrate less fusible than the anhy¬ 
drous compound. 

IleactMns.—l. Heated in a closed tube from 
ld0”-140® it is converted into (CN),Br,.—2. With 
KlIOAq it forms KBr, KCN. and KBrOj(S.)(L.). 
3. Ammonia qas reacts with the formation of 
CNNH, and Nil,Cl. 

Cyanogen iodide CiUl i.c. (ClN).I. 

Formation. - -By the action of I on mercuric, 
silver, or o^er mctallio cyanides (Davy, G. A. 
54,384; Wohler, G.X. 09, 281; Serullas, X. C/t. 
[2] 27, 184; 29, 184; 34, 100; 35, 293 a. 344; 
Van Dyk, R. P. 21, 223). CNI sometimes occurs 
as an impurity in commercial iodine (Scanlan, 
C. S. ^fml. 3, 321; F. Moyer, Ar. Ph. [2] 51, 29; 
Klobach, Ar. Ph. [2] 00, 34). 

Preparation. — 1. Iodine is dissolved in a 
warm cono. solution of KCN until the liquid, on 
cooling, solidifies to a crystalline mass. On 
gently heating the CNI subhmos, and it may bo 
purified by recrystallisation from alcohol or ether 
(Liebig, Chim. Org. 1,180).—2. 2 pts. of iodine 
dissolved in other are added to 1 pt. of Hg(CN)j. 
Beaction takes place, and the CNI goes into 
solution in the ether, from which it may be 
obtained by evaporation (Linncmann, X. 120, 
36). • 

Properties. —Long, delicate, colourless needles, 
or from its solution in alcohol or ether in four¬ 
sided lamintD (Herzog, Ar. Ph. [2] 61,129). It 
has a pungent, penetrating odour and acrid 
taste. It is very poir^onous. Sol. water, more 
sol. alcohol, still more sol. ether and volatile 
oils. No one has hitherto succeeded in converting 
it into the polymeric (CN),!^ H.F. (Bertholot, 
J. 1871, 79; 1874,114) (cf. E. Meyer, J. pr. [2] 
36, 292). 

Reactions.—!. KHO reacts, forming KCN, 
KI, and EHO| (Serullas).—2. NH, converts it 


into CNNH, and NH,L- 8 . With ZaB', or AIB', 
^irv metallic iodides are formra 

(Oalmels, Bl. 43,82).—4. It dissolves in alkaline 
sulphites with the formation of HI, HCN, and 
alkaline sulphates (Streckor, X. 148,96). 

Corniiinalions.—^h.Q'Q. 4 pts. of I are dis¬ 
solved in a solution of Ipt. of KCN in 2 pts. of 
water long colourless crystals seiiarate, which 
after recrystallisation from ether have the com¬ 
position KI,4CNI,4aq. [120”-130”] (Langlois, 
X. Ch. [3] 00,220). J \ 6 . 

Metallic deuivatives v . Cyanatbs, p. 297. 

Alkyl LEiiiVATiVEa. Nortnal cyanic ethers. 
Normal cyanic ethers have never been isolated. 
The reaction between sodium alcoholate and 
cyanogen chloride (Cloez, C. R. 44, 482), which 
was supposed to yield normal cyanic ethers, 
proved when further investigated, both in the 
methyl serics^Hofmann a.Oishausen.B. 3, 271) 
and in the ethyl series (Mulder, R. 2, 133), 
to give no cyanic ether, but instead a mixture 
of alkyl cyanurate and amide- derivatives. 
There is not much doubt that in this reaction 
normal cyanic •(.thers are formed in the first 
instaJice, but they polymerise almost imme¬ 
diately to their cyamitio homologues [cf. Pono- 
marclT, B. 15, 515; Mulder, R. 1, 210; 3, 306). 

Alkoyl deuivatives. 

Acetyl cyanate C 3 H 3 NO 2 i.e. (C:N).OA^ 

Silver cyanurate acts upon acetyl chloride, 
forming what is probably a polymeric form of 
this compound. When this is subjected to dis¬ 
tillation liquid acetyl cyanate or cyanogen 
acetate is obtained, together with acetonitrile 
and cyanogen. Water decomposes it into 
acetamide and CO, (Schutzenberger, A. 123,271). 

Normal thiocyauio acid v. Teiocyanio acid. 

Normal cyanamide CH^N., i.e. (C:N).NH 2 . 

Formation. —1. By the action of CNCl, CNBr, 
or CNI on NH,. CNCl-t-2NHj = CNNHj + NH 401 
(Bineau, X. Ch. [2] 07, 368; 70, 251; Clogz a. 
Cannizzaro, A. 78, 229).—2. CNNNa, is the end 
product of the reaction betVoon NH,Na and CO„ 

(а) Nn.Na-i-CO, = NH...CO.ONa. 

( б ) NTI,.CO.ONa = CNONa + H 30 , 

(c) CNONa-l-NILNa = CNNNa 2 -f-HjO 
(Beilatoin a. Geuthor, X. 108, 93; Dreclisel, 
J. pr. [2] 16, 203).—3. By the action of sodium 
on urea, ammonium carbamate, or ammonium 
carbonate CO{NH|) 2 -l-Na'- CN'NH-f-H-l-NaHO 
(Fenton, C. J. 41, 262). -4. By desulphurisation 
of thio-nrea by means of HgO. CS{NH.),-H,S 
= CNNH, (Voihard, J. pr. [2] 9, 25; Baumann, 
B. 6 , 1371; Mulder a. Smit, B. 7, 1636). 

Preparation.—lloi&t freshly ppd. mercuric 
oxide, which has been purified by boiliry? with 
NaHOAq and thou with water, is added in small 
portions at a time to an unsaturated cold solu¬ 
tion of thio-urea in water. Excess of HgO ifl 
avoided, otherwise insoluble mercuric oyanamido 
is formed 24,273). The operation ia 

continued until all the thio-urca is desulphuriBed, 
which may be ascertained by the liquid ceasing 
to give a black pp. when a drop of it‘is tested 
•with NHsAgNOj. Tlic sulphide pp. is then fil- 
tered off and the filtrate concentrated as quickly 
as possible by evaporation, the latter part of the 
process being conducted in a vacuum over 
H,SO,. From the residue, ether extracts cyan- 
amide and leaves dicyandiamide, which is also 
formed, uadissolved (Yolhard; Drechsel, J»pr. 
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] 11,298; 21,79). Another method employs 
1 alooholio insteM ol an aqueous solution of 
io-urea (Baumann, B. 6,1376; Pratorius, J.pr. 

] 21, 181). It is noteworthy that pure thio- 
ea does not admit of complete desulphurisation 
this reaction, the presence of traces o 4 such 
substance as ONSNH,, however, renders the 
ition of the HgO perfectly easy (Traube, B. 18, 
il). 

Properties.— Cyanamide is a white crystalline 
impound [io°]. When melted, however, it may 
i cooled far below 40® without solidiOcation 
tiring place. This, however, is at once effected 
y contact with a pointed solid body. V. sol. 
'atcr, alcohol, and ether; si. sol. CS 2 , CHCl,, and 
eiizene. Heated above 40® it passes into the 
omologous n.di-cyandiamide (CNl^ONH., and at 
bout 150® it solidifies with evolution of heat, 
irming n.tri.cyantriamide or melaiaine, together 
nth other products (Drechsel,/.pr. [2] 13, 331). 
lyanamide suffers this intramolecular con Joiisa. 
iou with great readiness. The change takes place 
t once when a solution containing ammonia is 
vaporated,or, again, when an alilbliolic solution 
1 heated together with phenol. In these cases 
he dicyanogen homologue results. More slowly 
yanamide polymerises into dicyandiamide 
imply by standing. 

Beactions.—l. CNNH, is reduced by nascent 
7(Zn and HOI), with the formation of NH, and 
IcNH... (a) CNNH, + H, = CNH + NH„ 
M CNH + H, =■ MeNHj (Drechscl).—2. Heated 
nth KNO^Aq a violent reaction takes place with 
volution of nitrogen and production of carbon 
.ionide and di-cyandiamide 40NNH, + 4KNO.j 
- 2 K,CO, + H.O + 8 N + (CN).2NH, (Drechsel).— 

The addition of HNO, to an ethereal solution 
auses it to combine with a molecule of water, 
orming urea, which, being insoluble in the ether, 
ipts. Sulphuric, phosphoric, salicylic and lactic 
eids behave in a similar manner (Baumann, B. 
i, 1373; Pratorius).—4._ With haloid acids direct 
ddition compounds are formed.—5. With H.^S, 
ir better with yellow ammonium sulphide, cyan. 
,mide combines to form thio urea.—0. AgNO. 
eacts on CNNH^ forming AgCN and a yellow 
locculent pp. CNNAg,. SCNNH, + 4AgXO, 
.ONNAg, +AgCN + AgNO, + CO, + CN i 311,0. 

'. With glycocoll CNNHj yields glycocyaniine 
Streoker, Handvi. d. Ohem. [2] 3,2S(i), an.l with 
nethyl-glycocoll CH.,(NHMe)C0OH it forms 
ireatine.— 8 . CNNH, dissolves in aldehyde, and 
liter standing the mixture becomes resinous, 
ind contains the compound (CN),SNCjH|,aq 
riethylidene melamine (Knop, A. 131, 2.13).— 
). Heated with oxalic ether formomelainine 
CN),(N^,NHCHO results.—10. At high tem- 
oeratures it combines with NH,C1, forming 
guanidine hydrochloride C{NH)2NH,,HCl, and 
with Nl^OHCl forming oxyguanidine hydro- 
jhloride C(NOH)2NHj,HCl. In thp same man¬ 
ner, with (CN)SNH, guanidine thiocyanate 
C(NH)2NHj,HSCN is obtained. — 11. CNNH, 
Bombinew directly with CN, forming a yellow 
powder (Hofmann, J. 1861, 530).—12, With 
CNOK cyanamide combines to form mono- 
potassium aniidodieyanate (CN),.NH,.OK. — 
IS. Alloxanlhih reacts on cyanamide, forming 
iso-uric acid (Mulder, B, 6 , 1286).—14, With 
guanidin it combines to form diguanid. 

Combinations,—With haloid acids (Drechsel, 
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/. pr. [2] 111 316; Mulder, S. 7, 1634). 
CSNH,2HC1 is produced as a oiy stallinopp. when 
anhydrous HCl is conducted into an ethereal 
solution of cyanamide. V. sol. water, sol. alco¬ 
hol, insol. ether. If to the alcoholic solution of 
this compound HgO be added, and the clear so¬ 
lution evaporated, crystals of 0NNH,HgCL3aq 
are obtained. They are v. sol. water. The cor- 
responding HBr compound exists, CNNIIj2HBr 
(D.).—With chloral. The two compounds com¬ 
bine directly to form chloral cyanamide, 
CCl.CHO.CNNH, (R. Schifl a. Fileti, B. 10, 
42(1). • 

Metallic derivatives. 

Fortnation. — Mono7nctalU<^ saltSe Aqueous 
or alcoholic solutions of alkalis or earths or 
tilkyl alkalis, act on cyanamide, giving mon^ 
derivatives NaOEt + CNNH. = CNNHNa + EtOH 
(Drechsel, J. pr. [2] 11,307; 10,205; 21,81). 
Di'inetallic salts. —1. l>y the action of heat on 
earthy and other metallic cyanates, Caf^NO)^ 
CNNCa + COj (Drechsel).—a. By heating pure 
Ba{CN )2 in a current of N. Ba(CN )2 + N 
= CNNBa + CN (Drechscl).—3. CNNK^isamong 
the products of the heating of KCN or CNOK 
with NaHO. _ 

2KCN + 4NaHO = CNNIC, + Na^CO, + NaeO + 
(Drechsel).—4. By heating together NHjNa and 
CNONa. , 

CNONa + NHjNa » CNNNa., + H.O (Drechsel) 

Properties. — Sodiwn salt CN.NHNa. Eine 
crystalline powder. V. e. sol. water, sol. alcohol, 
insol, ellier. It absorbs oxygen and COg Avith 
avidity. With COj it forms a salt of cyanamldo* 

carboxylic acid , an isomeride of 

cyanic acid. With ethyl ohloroformate ClCOOEt 
sodium cyanamide combines to form cyanamido- 
dicarboxylic ether CN.N(COOEt).^. Isocyanic 
and isothiocyanic ethers combine with CNNHNa 
with the production of amido-dicyanic deriva¬ 
tives CNNHNa + CONEt = CN.(NNaVCO.NHEt. 
Cakiwn salt (CN.NH) 2 Ca. This may be pro- 
pared by acting on CNNH, with Ca(HO) 2 Aq. 
From an aqueous solution crystals of the salt 
CNN(CaOH ).2 6 aq have been obtained (O.Meyer, 
18. 425). ^ , 

DMiwn salt CN.NNa^. Heated with char- 
c.oal it gives NaCN. Sodium potassium salt 
CN.NKNa (Drechscl). Calcium salt CN.NCa. 
Decomposed by water with formation of mono- 
salt (Drechsel; G. Meyer). Mercuru: salt 
CN.NHg" (Engel, [2] 21,273). Lead salt 
CN.NFb. Arnmoniacal solution of CNNH, gives 
a lemon-yellow pp. of this compound with 
Pb(C.,H, 0 )i 2 . Copper salfCN.NCu (Engel). Silver 
sa/i CN.NAgj. An amorphous yellow pp, V. e. 
sol. HNO 3 , insol dil.am%ionia. Explodes quietly 
when boated (Orechscl; Boilstein a. Geuther, 
A. 108, 99). 

Alkotl derivativeb. 

Acetyl cyanamide CaHjNaO i.e, 
(CJN).NHAc. 

Formation.'^le By the action of acetyl 
chloride on cyanamide in ethereal solution 
(Dicchsel, J.pr. [2] 11, 344).-2. Sodium acetyl 
cyanamide is formed by treatment of sodium 
cyanamide With acetic anhydiide. This is con- 
v'ortad into the silver salt from v/hich the silver 
is removed by H/jS (Mortons, J. [2] I?* 7). 

PropertieSe—A syrupy acid liquid. V. «oL 
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vat6f, aloohol, ether, and ohlortform, insol. 
benzene. When heated the liquid undergoes a 
violent reaction and is converted into a solid 
(polymeric?) mass (Mertens). 

Combinations with metals.—‘Sodium aaU 
(ON)NAoNa. A hygroscopic crystalline powder. 
Sol. alcohol, insol. ether. Heated it splits into 
acetonitrile and sodium cyanate. Silver salt 
(CN)NAcAg. Prepared by precipitating 
(CN)NAcNa,Aq with AgNO,. A white crystal- 
line powder. Insol. water, v. sol. ammonia. 
Heated it evolves acetonitrile. 

Diacetyl cyetnamide CjHjNjO, i.e. 
(C!N).NAo« Bhombio plates decomposing at 
C5®. Insol. water, ar. si. sol. alcohol, sol. ether. 
Obtained by acting upon CNNHAo in ethereal 
solution with AcGl (Mertens). 

Butyryl oyanamide C^HjNjO i.e. 
(0tN)NH(0,H,0). The sodium salt is formed 
by* acting on (CN)NHNa with ( 0 ,H, 0)30 in 
ethereal solution. This salt is insol. ether, but 
sol. water. From Ihe aqueous solution AgNO, 
ppts. the silver salt, which is sol. ammonia, and 
from which the tree cyannraido may bo obtained. 

Isovaleryl cyanainide C^HjoNjO i.e. 
(CiN)NH{C6HjO). Formed in a similar way to 
acetyl-oyanamide. An acid syrup, sol. water, 
alcohol, and ether. Converted by heat, with a 
violent reaction, into a solid (polymeric ?) mass. 
Silver salt {CN)N(CjH,0)Ag. 

Benzoyl cyanamide C.H.N-O t.e. 
(C:N)NHBz. 

Fonnalion.—By the action of benzoyl chlor. 
ide BzCl on sodium cyanamide (CN)NHNa in 
ethereal solution. 

Properties. —Unstable. Decomposes into 
CO.^, (CN)NH, and BzCN. Digested in ethereal 
solution it polymerises to tribonzoyl normal mel¬ 
amine (Gerlich, J.pr. [2] 13, 272). 

Lactocyanamide v. Lactic acid. 

Succincyanimic acids 

Succinxyanimide (t>. Sucemo acid. 

Succincyamide 1 

CaBBOXYLIO DEKIVATIVKS. 

Cyanamidocarbonic acid v. Cyanami- 
DOCARBOXTLIO ACID. 

Cyanamidodicarbonic acid v, Cyak- 

AMIDOOrOARBOXYLIO ACID. 

Condensed oyanamido compounds. 

Cyanogen cyanamide G^HNi i.e. 
(C:N).NH.(C:N). Not known.in a free state. 
CN.NK.cn is formed by the action of EHO on 
CNCi or paraoyanogen, or by fusing paracyano- 
gen with KCN. Needles. CN.NAg.CN is ppd. 
when AgNO, is added to an aqueous solution of 
CN.NK.cn (Bannow, B. 4,264). 

Isocyanio acid CHNO i.e. (C:0):NH. Iso- 
cyanic acid has not hitherto boon isolated, neither 
are halogen or metallic derivative! known. 

Alryl dsrivatives. Isocya/nic ethers. 

Formation, —1. By distilling alkyl sulphate 
of potassium with potassium cyanate. Part of 
the isocyanio ether formed polymerises to iso- 
oyanurate (Wurtz, A. Gh. [3] 42,431.—2. From 
carbamines by oxidation with HgO (Gautier, A. 
149, 313).—8. By the action of alkyl iodides on 
silver cyanate (Brauner, B, 12, 1874).—4. By 
distilling alkyl-ohloroformamides with lime 
(Gattermann, A. 244, 30). 

Properties.—hQ\i-hoixm^ pungent irritating 
liquids. 


fisoc^ions.—(Wurtz.) 1, Polymerise gradually 
on Btaaamg into the corresponding isocyanurfo 
et*^.—2. Hydrolysis when heated with dilute 
and amines 

CONEt + HjO a CO, + NHjEt. When treated with 
water «one the reaction does not go so far, CO, 
and s-dialkyl urea being formed, 2C0NEt + H«0 
— CO, - COiNHEt),. — 3. With (ilcohols they 
combine to form alkyl-carbamic ethers, thus: 
CONLt + EtHO-NHEt.CO.OEt. — 4. Organic 
acids react giving acid amides and carbonic 
acid CONEt + AcOH = CO, + AcNHEt. — 6. An¬ 
hydrides yield tertiary amides and carbonic acid 
CONEt -s Ac,0 =. CO, -f Ac,NEt. -- 6. NH^ and 
prim, and sec. amines combine to form substi* 
tuted ureas CONEt + NHEt., - NEt ..CO.NIlEt. • 
7. The oxygen may be replaced by sulphur by 
tieatment with P,S^, mustard oils or isothio- 
cyanic ethers^being formed. 

Methyl isocyanate C,HjNO i.e. 
(C:0):NMe. (37®) (Gattermann): (44°) (Wurtz; 
Gautier). 

Ethyl isocyanate CgH^NO i.e. (C:0):NEt. 
(00°). S.G. 0‘898 (Wurtz). The pure ether does 
not polymerise on standing, but tho presence of 
NaOEt quickly transforms it into isocyanurate 
(Hofmann, J. 1801,516 ; A. 103, 353; 115, 275). 
In the same manner NEt„ with which it does 
not combine, determines its polymerisation 
(Hofmann, /. 1862, 335). Hydrocklotide 

CONEt,HCl is formed by acting directly on the 
ether with HCl gas, or by distillation of 
CO(NHEt),,HCl (Habich a. Limpricht, A. 109, 
107). Highly pungent irritating liquid (96°) (H. 
a. L.). (108°-112°) (Gal, Dl. 6, 436). Water 
decomposes it with violence into NH,EtHCl and 
CO,. Hydrobromide CONEt.HBr (118°-122°) 
(Gal). 

Isopropyl isocyanate C,H.NO i.e, 
{C:0):N(CsH,). (67°) (Hofmann, B. 16, 756). 

Isobutyl isocyanate GjIIbNO i.e. 
{C:0):N(CA). (110°) (Jirauner, B. 12,1877). 

Tertiary butyl isocyanate CjH,NOi.fl. 
(C:0):N(CMej). The action of isobutyl chloride 
on silver cyanate gives small quantities of iso¬ 
butyl isocyanate together with /<■/-^butyl isocyan¬ 
ate, a polymeric butyl isocyanate, isobutylene, 
cyanic, and cynnuric acids. The polymeric iso- 
butyl isocyanate lomains behind after ^erfbutyl 
isocyanate is distilled off, and may be separated 
from the other products by solution in ether 
(Brauner, B. 12,1874). Aromatic pungent liquid. 
(85'6° cor.). S.G. 2 0-9076. Does not solidify 
at - 26° 


Isoamyl isocyanate CaH,,NOi.<. 
(C:0}:N(C H„). (100°) (Wurtz, J. 1849,428); 
(1.34°-13.5") (Custer, B. 12, 1330). Insol. and 
lighter tlian water. Solution of I’Et, in ether 
polymerises it to isocyanurate (Custer). 

Hexyl itocyauate CjHuNO i.e. 
(C:0):N(CJ1„). (above 100°) (Cahoura a. Pe- 
louze, J. 1803, 620). 

• Allyl isocyanate C^HjNO i.e. 
(0:0):N(C,Hj). (82°) (Cahours a. Hofmann, i. 
102, 297). 

Bsneyl isocyanate v. Bejkyi. cyanate. 
Phenyl isocyanate OjHjNO i.a. 
(0:O):NPh (Hofmann. A. 74, 9 a. 38; /. 1868, 
848; B.8,666; 18,764). 
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Ifamatim. —1. By the diatillation ol melen- 
-NPhCO 

ozimide (C:NH)^ | .—2. By distilling ox»- 

\NPhCO 

nilide C,0,(NHPh)j with P^,.—8. By the no¬ 
tion of PjO, on di-phenyl-area.—4. ^ dis¬ 
tilling aPtyl onrbanilate NHPh.CO.OEt with 
P,Oj.—6. By acting on molted CO(NHPh)j or 
NH^h3Cl with COClj (Hentsohel, B. 17,1284). 

Properties.—Highlypungent irritating liquid 
(166° at 769 mm.). S.Q. 1092 at 16°. V.D. 4-09 
(oalc. 4'13). 

lieacliojis, —1. In presence of PEtj, or CjHjN 
(Snape, C.J. 49,254), it polymerises to diphenyl- 
isodicyanate (C:0)..(NPh)2.—2. Heated with cer¬ 
tain dry salts, CH,COOK, HCOOK, or Na.CO, it 
polymeriBOs to isocyan urate.—S. It forms’ addi¬ 
tion compounds with Cl and Br.—4. IFoier im¬ 
mediately converts it into cai^ianilide and 
CO„ thus: 200NPh + Hj0 = C0j + C0(NHPh),. 
6. Alcohols and phenols combine with phenyi- 
isocyanate to form alkyl phenylcarbamates 

CONPh■^EtHO = CO<Q™^ -t- 6. Ammonia. 

amines and amides form with it substituted 
ureas.—7. Aniline is produced when it is heiited 
with zinc-dust —8. Heated with Ac,.0; acet¬ 
anilide and COs are among the products.—0. In 
presence of AlCl, it combines with and 
its homologues to form benzanilide, Ax. 
CONPh + PhH «. BzNHPh (Leockart, B. 18,87r>). 
In the same manner it combines with phenolic 
ethers (Leuckart a. Schmidt, B. 18, 2388). 

CowWwiiiion#,—CONPh,CI 2 : unstable crys¬ 
tals (Gumpert, /. jir. [2] 82, 294).—CONPh,Br, 
CONPh,HCl.: crystalline [45®] (Hentschol, 
B. 18,1178). 

p-Bromophenyl isocyanate 
CONC,H,Br. [39®]. (226°). Sol. ether (Denu- 
steiit, B. 1.8, 228). 

a-Tolyl isocyanate CgHjNO i.e. 
(C:0):N(aH,). 

F(frmation.-^By acting on ethyltolylcarba- 
mate COC^Qgj'^'^’ with P,0, (Girard, B. 6, 
446 ). 

Properiies.^Liqnid. (186®). Powerful pun- 
^nt odour. Polymerises into a solid modifica¬ 
tion by the action of PEt, Revile a. Winther, 
S. 12,2324). 

p-Tolyl isocyanate CgH,NO i.e. 
C:0)tN(C,H,). Similar to o-ethcr. Formed also 
rom p-toluidino and COCU (Kiihn a. Henschel, 
B. 21, 506), (185°). Water docoiupo'^es it into 
dl-p-tolyl-uroa and CO, (Hofmann, IS. 3, 656). 

Mesityl isocyanate C,gH,,NO i.e. 
C:0):N(CgH,,). Disagreeable smelling liquid. 
218®-220®) (Bisenberg.B. 15, 1017). 

Cumyi isocyanate 0„H„NO i.e. 
(C:0):N(C„H„) (Raab, B. 8,1151)* 

{a)-Naphthyl isocyanate 0,,HyNO i.e. 
(C:0)N(C„H,), Pungent irritating liquid. (209^- 
270^) (Hofmann, B. 3, 658). 

Diphenyl isocyanate C„H,NO • 

(C:0):N(C„H,) (Zimraermann, B. 13,1965). 

Diphenylene diisocyanate 
CO:N.O,Hg.C,H,,N:CO [122'=] (Snape, C. J. 49, 
266 ). 

Tkloisoeytoie add deiivativai v. Tiijcisu- 

«TAJtS0 AdD. 


Isocyanan^e (C:NH):NH. Thit ooxnpoond 
has not been isolated, but its alkyl deriyati?es 
exist. 

ALKYI. DERIVATITEa. 

Formation.—!. By the action of CNOl on 
primary amines (CloSz a. Cannizzaro, A. 90,96). 
2. By the desulphurisation of alkyl thio-ureaa 
NH.,.CS.NHMe - H,S = (CNMe)NH. 

Properties.—HcutTal syrupy liquids. By re¬ 
pented evaporation of their aqueous solutions, 
polymerisation to the con-esponding isomela¬ 
mines takes place (Baumann, B. 6, 1372; Kla- 
son, Bihang till K. Svensk(h Vet. Akad. Hand, 
1885, [10] No. 7). 

Methylisocyanamide^ i.e, 

(C:NMe):NH (Baumann, B. 6,1372). 

Diethylisocyanamide C.H.-N, t.s. 
(C;NEt):NEt. 

Formation. —1. (CNEt)NH breaks down when 
distilled into fCNEt)NEt and a crystalline base, 
possibly ethyldicyandiamide (Cloez a. Oknniz- 
zaro). -2. By the action oi (CN)NAg 2 on EtI 
(U. Schiff a. Filcti, B. 10, 428). 

Properties.—Liquid. (186°) (S. a.F.); (190°) 
(C. a. C.). By treatment with HCl it yields CO„ 
NfI„andNHEt,. 

Allylisocyanamide C.KLN.t.^. 
(C:NC,H,):NH. 

i<ur»iaiu;7i..—(Will, A. 52, 15; Kobi({uet tu 
Bussy, J.pr. 19, 234; Andreaseb, M. 2, 780). 

Properties. —A tliick syrupy liquid which 
' gradually crystallises in monoclinic four-sided 
prisms with ,Uq. [100®]. Sol. water, alcohol, 
and ether. Strong alkaline reaction. Precipi¬ 
tates metallic oxiiks from solution of their salts 
and liberates ammonia from its combination 
with acids. The oxalato is dilhcultly crystal- 
lisable. Its solution gives precipitates with 
HgCL and PtCl,C:NCaH.;NH,HgCL and 
(C:NC,Hj,:NH)PtCl^. 

Allylethylisocyanamide C«H,aN- i.e. 
(C:NEt):NC,H,. 

Projtjcrrics.—Needles. [100°]. Insol. water, 
sol. alcohol and ether. Beaction alkaline. Tast& 
bitter. Compounds with HgCl„ and PtCl, 
(C:NEt:NC,HJ,3HgCI, and (C:NEt:NC,Hg)jPtCl 4 
(Ilinterbcrger, A. 83, 346). 

Bemylisocyanamide v. Bbkztlczam- 

AMIDE. 

Dibenzylisocyanamide v. DisxnsTZ*- 

CYANAMIDE. 

Phenylisocyanamide 

(C:NPh);NH. 

For>yiatio7i.—[C\o&z a. Cannizzaro; Hof¬ 
mann, B. 3, 266; 18, 3220; Berger, M. 5,219 a. 
453; Rathke. B. 12, 773). 

Properties.—^yxup gradually crystallising in 
presence of alcohol in needles (Feuerlein, B. 12, 
1602). [47°] (Hofmann). V. si. sol. water; sol. 
alcohol and ether. When water is added to the 
alcoholic solution phenyl-urea, CO.NHPh.NHjiis 
precipitated. In the same manner in a benzene 
solution HB gives phenyl-thio-urea (Weith,B.9, 
820). Silver salt: C:NPh:NAg (Hofmann; 
Feuerlein ; Berlinerblau, J. pr. [2] 30, 114). 
Platinum chloride Salts: (C HjNjHCBjPtCL 
(Feuerlein); (C.H,N,2HCl)^tCl4 (Hofmann). 
With acetamide,amongother products, two bases, 
C|*Hj,^N,„end C,^H„Ng, are formed (Berger), 

Diphenyl-tsocyanamide 
(0:NPh):NPh. Formed by the action of CNO 
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on diphenylamine (Weith, B, 7, 84fl). Ehombo- 
hedra. [292®]. Heated with cono. HOI it gives 
NHPh„ and CO,. 

DICYANOGEN GBOUP. 

Fiilmiaio acid CjH,N,Oj. This dibasic acid 
has not been isolated. A solution in ether is, 
however, probably obtained when dry IICl is 
conducted into a mixture of fulminating mer¬ 
cury with that solvent. It forms acid neutral 
and double salts, all of which are explosive 
oompounds. The mercury and silver com¬ 
pounds have long been known and employed 
for the filling of pcsoussion caps. The ethereal 
solution treated with NaliO evolves NH^, but 
no amine. When iit is shaken with NII 3 isoful- 
minuric acid, fuhninuramidc, and other products 
are formed (Ehrenborg, J. pr. [2] 30,65). Dilute ! 

also sets free fulminic acid in presence of . 
ether, but in this case the products of its docoin- ' 
position give rise to another senes of isomeric 
modimations (Scholvien, /. [2] 32, 481). 

Only metallic derivatives of fulminic acid arc 
known. 

Metallic derivatives. 

Disodium fulminate Na.C^NjO, 2aq. 
Formed from mercuric fulminate sii'^pendod in 
water by the action of sodium amalgam. The ^ 
liquid concentrated over or CaO deposits 

prismatic crystals of the disodium salt. Ex¬ 
plodes when rubbed or heated. H^O_. decomposes 
it with formation of NHg, COj, and IICN (Ehren- 
berg, J. pr. [2] 32, 231). 

Disilver fulminate AgjC^N.p,.. 

Preparation. —1 pt. of silver is dissolved in 
10 pts. of HNO, (S.G. 1'3G), and the solution 
poured into 20 pts. of spirits of wino (85-00 p.c.) 
(Brugnatelli, A. Ch. 1708, 27, 331; Gorhardt, 
Traits de Chim. Org. 2,348). The salt separates 
in fine needles. 

Properties. — 8 . 30 at 100® (Liebig, B. J. 4, 
111); V. si. sol. cold water; v. sol. ammonia. 
More explflsive than the im ronry salt. 

1. Half of the metal is replaced 
by treatment with alhalinechlorides (Gay-Lussac 
a. Liebig, A. CU. [2] 25, 285). - 2 . Hydrochloric 
acul separates all the silver, but with breaking 
up of the molecule of the acid (Gay-L. a. L.). 
When fuming HCl is employed three-quarters of 
the molecule breaks down into hydroxylaminc 
and formic acid, the other products being CO^, 
NH„ and HCN, With dilute acid more NH.,OIl 
and formic acid are formed, and only traces of 
NH, (Divers a. Kawakita, C. J. 45, 15 ; 47, 09). 

Silver sodium fulminate NaAgCjNjOj. 
Small orystnlUno plates. 

Silver potassium fulminate 
KA^jNjO,. Cioiourless plates. S. 8 at 100® 
(Liebig). 

Silver hydrogen fulmintte HAgCjN^O*. 
Falls as a pulverulent pp. when cono. HNO, is 
added to an aqueous solution of AgKC;tN,0, (Lie- 

big). 

Zinc fulminate ZnCjNjO, (B. Davy, B. J. 
12 , 120 ). 

Zinc hydrogen fulminate ZnHj2C3NjO,' 
(E. Davy; Fehling, A, 2f, 130). 

Copper fulminate Ca0,N,O, (Gladstone, 
A. 60,1). 

Mercuric fulminate 

l\eparati<m.~B pts. of mercury are dis¬ 
solved in 86 pU. of IINO, (S.G. 1'646) in a large 
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flask without the application of heat. The solu* 

mr>“oo of O' ™o 

IJU-92 p c.) and the mixture returned to the 
large flask. After a time a violent reaction com¬ 
mences, which is moderated by the addition of 
moro ipmts of wine to the extent of another 
17 pts. Mercuric fulminate graduallv^eposits, 
and IS collected and recrystallised fr^ water. 
It may be also purified by solution in KON and 
reprecipitation by means of dilute acids (Howard, 
rr.1800; Liebig, A. 95, 284; Steiner,B. 9 , 787). 

Propcrfiijs.—Mercuric fulminate crystallises 
from alcohol in minute octahedra, from water in 
needles containing ^aq (Schisohkow, A. 97, 54). 
S.G. (anhydrous) 4-12 (Berthelot a. Vieille, 

A. Ch. [5] 21, 509). V. si. sol. cold, more sol. 
hot water. Explodes by heat, friction or per¬ 
cussion, or by treatment with H^SO^. The pro¬ 
ducts of decQinposition arc Hg, N, and CO. H.C. 
(Berthelot a. Vioillc). 

lieacliojis.—l. Zn and HjSO,, or Sn and 
HCl, or zinc dust and ammonia, break down the 
molecule into Hg, CO^, and NH...—2. Sodium 
amalqam converts it into the Na salt. The by- 
products of this reaction, by treatment with 
ferrous and ferric oxides yield among other com¬ 
pounds nitroprussidcs.—3. Heated with water 
containing Cu or Zn, these metals displace the 
mercury.—4. Chlonm conducted into the salt 
mixed with water reacts, forming HgCL^, CNCl, 
and chloropicrm C(NOJCl, (Kekul 6 ,A. 101,200). 

5. Bromine in the same manner forms dibru- 
monitroacetonitril CBrj,NO,CN (Schischkow).—. 

6 . Heated for 8 hours with water alone, or for a 
shorter time in presence of NaCl or NH^Cl, it 
polymerises to the corresponding fulminurate 
(Schischkow; Liebig).—7. Mixed with ether it 
reacts with dry HB forming HgS, nitrothio- 
acetamide CH,(NO,)CSNH„ oxalic acid and 
ammonium thiocyanate. In presence of water 
the products are HgS, ammonium thiocyanate, 
and CO, (Kekule).— 8 . Mixed with KHOAif'and 
heated, a pp. of HgO f&lls.—9. Ammonia dis¬ 
solves mercuric fulminate, but when the solu¬ 
tion is heated to 60®-70° a reaction takes place 
with the production of urea, gtianidin, and the 
compound called fulmitriguanarate. Heated in 
closed tubes to 70® with alcoholic ammonia the 
compound fulmitetragnanarate is also formed 
(Steiner, B. 8 , f^O, 1177; 9, 781).-10. Cono. 
IICl or H13r react, evolving CO,, precipitiiting 
HgCl and 2 mol. of NH.pH going into solution. 
Traces of HCN also occur, but no NH, (Steiner, 

B. 16,1484 a. 2119; Carstanjen a. Ehrenberg, 
J. pr. [2] 25, 232).—11. Dilute HCl in the cold 
yields formic acid, hydroxylamine and HgCl, 
(Ehrenberg, J.pr. [2J 30, 41).-12. HjSO, (1 in 
5) reacts on warming, forming CO,, NH,, 
NH,OH, HgSO„ and HgjCjO, (?) (Ehrenberg a. 
Carstanjen; Divers a. Kawakita).—18. Cono. 
HCN disso^es tho fulminate, but when the 
solution is diluted Hg(CN), precipitates.—14. 
Aqueous ONSH reacts, forming CO„ Hg{80N), 
and NH^SCN. With NH,SCN polymerisation to 
fulminurate takes place (Ehrenberg, /. pr, [2] 
80, 62). 

Combinations. —With KI: (HgO;)N,OA,El 
(Schischkow). — With KCN: ]^0,N,0„kCN 
(Steiner, B. 9, 786). — With KSON it forms 
Hg 0 .iT, 0 „KSON(Sohi 8 ohkow).—WithNagO,NgO,J 
Hg05l,O„ Ne,0,N,0» aq (Ehrenberg). 
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Compound OgHjHgsNjOg. 

Formation, —Tjbls eabstanoe, the natare of 
whioh is little known, is formed when a cold 
solnt^n of Hg(N 03)3 free from fumes of HNO, 
is threwn into aloohol (Oowper, C. J. 99, 242). 

Prdgerties .—Minute hexagonal plates. De^ 
eoinpoa||qaio]dy when gentlj heated, but if the 
temj^r Are be suddenly raised to about 190° it 
exploded Insol. water, aloohol, and ether. Sol. 
HCl with decomposition. Sol. and may be re- 
orystalllsed from dilute H 3 SO 4 . 

Reactions. —1. With lijSAq the compound 
yields HgS and mercaptan. — 2. Digested with 
caustic alkalis nitric acid is removed, and the 
compound C 2 H;.(Hg 0 )a,H .;0 remains.—3. Heated 
with alcohol and HKO, it is converted into mer- 
curio fulminate. 

Kormal amidodioyanio acid CsHjNjO i.e, 
(HO)O^^^C(NHj). 8emi-ami£e of Twrvtal 
dieyanic acid. 

Formation. —1. By heating dicyandiamide 
with baryta water one of the amido- groups is 
replaced by hydroxyl (Hallwachs, A. 153, 295). 
2. By allowing a solution of GNOK to stand to¬ 
gether with cyanamide, when direct combination 
takes place, NH 2 (CN)jOK being formed (Hall- 
wachs). 

Properties. —Needles. Monobasic acid. Dc- 
composes carbonates. Heated alone or together 
with dilute it takes up the elements of 

water, forming biuret, thus: 

<CN),(NH,)OH + H.O » NH 2 .CO.NH.CO.NH 2 . In 
the same manner with (NH 4 ) 2 S thiobiuret is ob¬ 
tained (Baumann, B. 8 , 709). 

MbTAJjLIO DElitTATIVnS. 

(CN),NH,OK.—NaA'.— BaA'j 8 aq. — CuA', 4aq, 
Large blue crystals. V. si. sol. cold water. 
Aqueous solution, when boiled, deposits a dark 
green pp. insol. water, and v. si. sol. cold acetic 
acid. Thispp. has the composition C^NsCuHOi-e. 

(?) (CN)j<^(f >Ca.-r (CN),(NH,)OAg. Amor- 

phous powder, or from ammoniacal solution in 
needles. Insol. water. 

Alktl dzbivatives. 

Ethyl amidodicyanaU i.e. 

f NHjC^^^^^CO. The sodium salt of this 

compound is formed by dii;pct combination of 
ethyl isocyanate and normal sodium cyanamide. 
The free acid decomposes when liberated with 
formation of cyanamide and other products. 

Salts.—(CNCO):NEt.NnNa.—AgA' (Wun- 
derUch,H. 19,440). 

Dithiodieyanio acid Ditbiodic;ai«zo acid. 

normal ^oyandiamide C^H^N^ i.e. 

(NHj)C^^^C(NHj). Di-amide of normal du 
cyanic acid. 

Formation. —Cyanamide polyqiorises to di- 
eysndiamide by long continued evaporation of 
its aqueous solution (Beilstein a. Luther, A. 
108, ^; 128,241). This change is more readily 
effected if a little NH« is present (Haag, A. 122; 
22 ), or dilute alkalis, or even in the cold when 
concentrated glkullfl are employed (Baumann, 
B.6.1878). 

JPfopsrftss.—Broad lamina [205°] (Haag). 
Bol. water and alcoboL IpAoL ether (cyanamide 
l» wL eUter). 


Reactions. —1. Seated alone one part poly¬ 
merises to normal melamine, another loses NH., 
and forms melam (Drechsel, J. p(r. [2] 13,331).— 
2. Heated vdth water polymerisation takes place, 
and at the same time two amidogen groups are 
replaced by hydroxyl, forming melanurenio acid 

e ,(NH 2 )(OH )3 and NH,. This acid is also 
ed by heating dicyandiamide to 120° with 
a solution of (NH 4 ) 2 CO,.—8. Heated with dilute 
acids it assumes the elements of water, forming 
NH 

guAnylureaCO<j,jj;o(j,gjj^g^. Similarly with 

H,S guanyltbiourea is pri^uced.—4. With HO 
and zinc melamine and NH, are formed {cf. Bam¬ 
berger, B. 10,1402).—6. Guiyzidia hydrochloride, 
together with CO; and NH.„ are formed by heat¬ 
ing it with NH,CI at 150° (Bathke, B. 18, 3107). 
6. Heating with Ba(OH) 2 Aq one amido group is 
replaced by hydroxyl, leaving amidodioyanio 
acid.—7. It combines with CNSH to form thio* 
/NH, 

ammeline (CN)ANH, (RaUike, B. 18, 3102). 
\SH 

Metallic debivatives. 

Sodium dicyandiamide G^H^N^Na i.e, 
(CN),(NH 2 )NHNa. A soluble crystalline pp. ob- 
tained by mixing together alcoholic solutions of 
dicyandiamide and sodium ethylate (Bamberger, 
B. 16,1461). 

Dicyandiamido silvernitrate (C 2 H,N 4 )AgNO,. 
Precipitated in minute needles on adding AgNO, 
to an aqueous solution of dicyandiamide (Haag). 

Silver dicyandiamide C 2 H,N 4 Ag 
(CN) 2 (NH. 2 )NHAg. Formed by treating an aque¬ 
ous solution of dicyandiamido silver nitrate with 
ammonia. 


Alkyl debivatives. 

Ethyl dicyandiamide i.e. 

(CN),(NH 2 )NHEt. A weak base formed by dis¬ 
tilling ethyl cyanamide (Cloiiz a. Cannizzaro, A. 
90, 96). Distils unchanged at 300°. Gives a 
yellow insoluble platinochloride salt. 

Alkotl derivatives. 

Dibeneoyl dicyandiamide 
i.e. (CN) 2 (NHBz)j. Formed by heating triben- 
zoylmclamine in a current of hydrogen. Crystals. 
[112°]. V. sol. alcohol, less sol. ether, v. si. soh 
water (Gerlich, d.pr. [2] 13, 272). 

Isodicyanic acid CjHjNjOji.e. (C;0)j(NH)3 or 
CO<[]^^g^CO. Alkyl derivatives correspond¬ 
ing to this hypothetical acid have been prepared. 
Alkyl derivatives. 

(?) Dimethyl isodieyanate 

CO<^^^^CO. Methyl isocyanate polymerises 

in presence of PEt, td a solid compound [98°] 
(Hofmann, Bt 3, 765), whioh is not identical 
with either methyl isooyanurate [176°-6°J or 
methyl oyanurate [135°], and which possibly 
has the above constitution. 

Diphenyl isodieyanate O^Hi^NgO^ 

Formation.—Bj ^lymeriaation of phenyl 
ieoejanata in presence of FEt) (Hofmann, A. 
Suppl. 1, 61 ; B. i, 246) or pyridine (Snape, 0,'/. 
49, 254). 

« Frc^rite,.—Square tablea from alcohol 
P76°) Intol. water or ether, t. ah aol, alcohol. 
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Reactions. —1. Heated it evolves phenyl vso- 
oyanate.—2. Heated with alcohols ifforms alkyl 
diphenylallophanates CO.NHPh.NPhCOOEi— 
3 . With phcnof phenyl-oarbanilate is formed 
NllPh.CO.OPh.- 4. Alcoholic ammonia reacts 
with the formation of d-di-phenyl-biuret 
NHPh.CO.NPh.CO.NH,.- 6 . With amline tri- 
phonyl-biaret results. 

Derivative. —Di-p-bromo-phenyl isodicyannle 
(CO) 2 (NC,H 4 Br).; is formed by polymerisation of 
«-bromo-phenyl isocyanate with PEtj. Lamin;r. 
[ 19 ^*^] (Dennstedt, B. 13, 228). 

Di-p-tolyl difiyanate C,N 202 (C,H,) 2 . 
[186°] (Frentzel, B. 21, 411). Conveited by 
alcohol into di-yj-tolyl allophanic ether [ 111 ®]. 

TBICiTANOGEUr GROUP. 

Normal cyanurio acid GaH^NgO, ix. 

COH 

/OH N N 

(C:N)^OH i.e. i| I . Trkyanic acid. 

\OH HOG COH 

N 

Formation.—1. Dry distillation of uric acid 
(Scheele, Opuscnla, 2, 70).—2. Ey the action of 
water on (CN),Clj (Scriilhis, A. Gh. 38, 32U).— 
3. By the action of heat on urea (Wohler, P. 15, 
622). Instead of urea itself the salts of urea 
may be employed (Pelouze, A. 44, 100 ; Do Viij, 
A. 61, 2i9; Wicuoitiauu, A. 08, .321).—4. By 
heatin" eyamelide with cone. H.SO, (Weltzien, 

A. 132, 222).— 6 . Cyanunc acid is ono of the 
products of tlio action of COCI., on NH,.—0. The 
action of heat on xatidioj^^eiiamide 3CS(NH.)01'U 
= (CN).(On), + ]:tlJS (Debus. .4.72, I -7. By 
the action of liCl on such coinpoiinJs .is in'-lain, 
melon, melon, iiielonio hidiide, melainnie, am* 
mclme.ummelide, p 3 eudotliiocyaiio’;en, anJtiUv)- 
pnissule.s.— 8 . Fiom gu.umiuidebyoxnLiiion wiih 
HNO, (Ncncki, B. 'J, 2.5.5).— 0 . Prom ejiiuicaeid 
by spontanqpus polymerisation toi^'rtlier \»ith 
eyamelide. This may be effected by adding HCl 
to CNOKAq in presence of other and agitating. 
The oyanuric acid is taken up by tho ether 
(Klason, J. pr. [2] 33, 120). 

Preparation. —1. Urea is heated till it ceases 
to give off ammonia, the residue is dissolved in 
boiling water, and tlio filtrate left to crystallise 
on cooling. The crystals so obtained are purified 
by dissolving them in hot ILSO 4 and dropping in 
HNO, until tho solution is colourless and eller- 
vesceiice h.as cc.ised. After cooling tho solution 
is diluted with water wlieu the oyanurid acid falls 
as a snow-whito powder (WOhler a. Liebig).— 
2. Dry chlorine gas is passed into molting urea, 
whereupon the mass swells up strongly, gives off 
fumes of NH.Ol, together* with HCl and N, and 
is converted into oyanuric acid (iWurtz, A. 04, 
307). - 3. De Vrij {A. 61, 248) uses IlCl instead 
of Cl. SoruUas prepares tho acid from oyanuric 
chloride, and Morz a. Woith (J5. 16, 2896) simi¬ 
larly employ cyanurio bromide. 

Properties. -Colourless oblique rhombio 
prisms (from water) oontaining 2 aq, or anhydrous 
octahedra. Measurements (Seforstein a. Sebabus, 
P. 99, 276). Crystals effloresce. By heating to 
100°-120°, or by crystallisation from cone. HCl 
ot‘H.,S 04 , becomes anhydrous (Wfthlor, 

B. J. 10, 83; Voit, A. 132, 222). S.G. « 1-768^ 
W 2*600; 14 a*228; ts 1*725 (Tpost a. Haiita- 


feuille, J. 1869, 99; cf. Schriider, B.'lS, 1072), 
H.C. 250,260 (T. a. H.). S. 2*5 cold, more sol. 
hot water. S. (alcohol) 2i°-24°, 0*1 (Senler, 
C. J. 49, 695), Sol. hot HOI, HNO,, or 
without decomposition unless the heat be pro* 
longed ^or a considerable time. Absorption 
spectrum (Hartley, C. J. 41, 48). By treatment 
with PCI 5 cyanurio chloride is formed (dfelstein, 

^ A. 116, 357). 

i Test Reactions. —1. Heated in a small tube 

j closed at one end it evolve.-! cyanic acid, tho pun¬ 
gent odour of which may bo detected even in the 
case of very minute quantities (Wohler).—2. A 
fragment of tho acid ia dissolved in dilute am¬ 
monia and a drop of ammonio-sulphateof copper 
solution added. On stirring a beautiful pink 
copper salt is precipitated (Wohler).—3. A satu* 
rated solution of the acid in cold cone. NaHOAq 
becomes thick^ith suspended crystals of the tri¬ 
sodium salt on neating (Hofmann, B. 3, 770). 


HaLOOEN DERIVATIVKS. 


Cyanurio chloride C,NjClj i.e. (CN),—Cl. 

• \ci 

Formation. —1. By the action of anhydrous 
Cl on anhydrous HCN in presence of sunlight 
(Scrullas, A. Ch. [2] 35, 291 a. 337; Liebig, P. 
20,300; 34, 004).—2. By treatment of cyanurio 
acid witli I’Cl, (licilstein, A. 110, 357). 

Pnjwraftort.—Theemploymeutof the method 
of Sorullas has given rise to several improve¬ 
ments, chiefly with the view of preventing the 
formation of persistent double compounds of 
; HCl and HCN. Tiie HCN is dissolved in anhy- 
■ drous ether, into which the Cl is led (Gautier, A. 

I 1 - 11 , 122 ), or the ether may be advantageously 
I replaced by chloroform, in which Cl is more 
I soluble, for an excess of this agent leads to a 
better result. 70 p.o. of the theoretical yield was 
thus obtained by Klason {Bihany till K. Svenska 
, Vet. Akad. Handl. 1885, 10, No. 6 ). Another 
I plan to attain this end is to ensure excess of Cl 
from the commencement. Tho chloroform sur¬ 
rounded by a freezing mixture is first saturated 
with chlorine, and then a mixture of Cl and HCN 
is passed slowly in until after some 24 hours the 
evolution of HCl ceases, and the whole of the 
I HCN is converted into chloride. A portion of 
j the cyanurio chloride in most instances sepa¬ 
rates from the CUtJlj during the operation in 
beautiful crystals. Tho remainder is obtained by 
distilling off the chloroform (Fries, C. J. 49,739). 

Proper/ws.—Colourless crystals. Measure¬ 
ments (Hofmann (Fock), B. 19, 2003). [146°] 
(Hofmann). (IW) (Sorullas). V.D. 6-36 (calc. 
6-39) (Binoau, A. Ch. [2] 68 , 424). Odour re¬ 
sembling mice. Exceedingly irritating to the 
eyes. Very poisonous. 

Reactions.—1. Cold uiafer has little or no ac¬ 
tion on (CN).Cl,. By long boUing^ with water 
or quickly iu presence of alkalis it ia converted 
into cyanurio acid (Serullas).—2. Alcohols and 
phenol behave similarly to water, cyanurio acid 
and alkyl chlorides being formed (Klason).— 8 . 
KHS in the same manner gives trithiocyanaric 
acid (Hofmann, B. 18, 2201).—4. Ammonia 01 
amines react successively, forming normal mpno- 
and di-aniide- chlorides, and finally normal me¬ 
lamines (Hofuianu, B. 18, 2774; Klason, J, w, 
[2} 33,294).—6. Cyanurio chloride reacts 


Cl 
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anhydrous sodium salts of orgaivic acids giving 
acid obloridcB and sodium cyanurate (Senier, C* 
49,312).—6. Bemamide is converted by oyanoiio 
chloride into benzonitrile, and the vratei thus 
Uberated acts on the chloride {oiming cyanurio 
acid and HCl (Senier). c 

/Br 

Cyanuric bromide CsNsBrji-e. (ON),—Br. 

\Br 

Formation. —1. By the action of bromine on 
anhydrous HCN (Serullas, P. 14,446; Ponoma- 
refl, B. 18,3261; Merz a. Weith, B. 16, 2894).— 
2. By heating an ethereal solution of CNBr to 
130°-140° (Eghis, B. 2, 159). Pure CNBr does 
not polymerise. Polymerisation may, however, be 
effected by passing HBr through an ethereal 
eolation of CNBr when the less soluble polymer- 
ide comes out in crystals (Ponomareif). 

Prqparfies.—Amorphous whit^ powder. At 
300® it melts with decomposition. Insol. cold 
water, cold alcohol, ether, and benzene. Heated 
with water or alcohol it is converted into cyan¬ 
urio acid- With acetic acid it yields cyanurio 
acid and acetyl bromide (PonomareS). 

A 

Cyanurio iodide (CN) 3 —I. Ob¬ 

tained by double decomposition between (CN),Cls, 
and HI in the cold (Klason, till K. Svenska 
yVet. Akad. Hanoi. 1885, 10, No. 5). A dark 
brown insoluble powder which at 200 ® decom¬ 
poses into paracyanogen and iodine. Heated 
with water at 125® it splits into HI and cyanurio 
acid. 

Cyanurio chloro iodide C^Ngl^Gl i.e. 

A 

(CN)^l. An intermediate product between 

cyanurio chloride and iodide, also formed in the 
preparation of the latter (Klason). 

Metallic DEmvAirvES v . Cianurates. 

Alkyl derivatives. 

Formation. —By \he action of CNCl on so¬ 
dium alcoholatcs, in which case normal cyanic 
ether is probably first formed and then polymer- 
ised (Hofmann a. Olshausen, B. 3, 271). CNBr 
or (CN) 3 Br, is conveniently substituted for CNCl 
in this reaction (Ponomareff, B. IS, 8264, Kla¬ 
son, tT.pr. [2} 33,131). 

Beactions. —1. By disiilj^ition they aro con¬ 
verted into the corresponding iso- ethers (Hof¬ 
mann a. Olshausen).—2. Heated with dilate al¬ 
kalis Uiey assume the elements of water, and 
break down into alcohols and cyanuric acid. 

Trimethyl cyanurate C*H,N,0, i.e. 

/OMe 

(ON),^-DMe. Needles. Measurements (Hof- 
xOMe 

mann (Fook), B. 19, 2065). [136®]. (266®) (Hof- 
mann). SI. sol. cold, v. sol. hot water (Hofmann 
a. Olshausen). PCi» reacts fofming (CN),G1, 

g dofmann, B. 18, 2799). With HgCl, it ^ves 
AN,0„^G1, (Ponomareff, B. IS, 3266). 
Diethyl-cyanurie acid CjHjiNiO, i.$. 
✓OEt 

(ON)^-OEt. Formed by the action of Ba(HO) 2 Aq 
\OH 

or dilute NaHOAq on the triethyl ether {Ponoma¬ 
reff, B. 18,3267; Hofmann, B. 19, 2077; Mul¬ 
der, B. 4, 91). CrystaUine powder [160-180] 
(Hofmann). SablimeB above 200® with decom¬ 


position. ^ 1 . sol. cold water or alcohol, insol 
ether. Warmed with acids cyanurio acid is Set 
free. The barium salt crystallisos with 3aq from 
concentrated or with 12 aq ^rom dilute solutions. 
Y. sol. water. The lead salt is insol. water. 
Triethxjl cyanurate CgHitN^O, 
/OEt 
(ON):^OEt. 

Properties.—An oily liquid crystallising at 
0® (Mulder, B. 15,70; B. 1,195; 2, 133; 4,91; 
Ponomareff, B. 15,513). [29®-30®] (Hofmann, B. 
19, 2074). (275®) (Klaso^k, J. pr. [2J 33, 131). 
S. 0’7 in cold water. V. sol. alcohol, ether, GHG1„ 
and CS. 3 . The aqueous solj^tion at 0® deposits a 
crystalline hydrate containing 12aq (Mulder). 
With HgClj it forms the crystallino double salt 
CjHijNjOa.HgClj (Ponomaicff), and with Br the 
compound CoHjjNgOajBr, (Mulder). 

Iteactiom. —1. Heated to 180®-200® it is con¬ 
verted into triothyl isocyanurate.—2. Cone. HCl 
sets free cyanurio acid.—i^. Dilute NaHO or 
Ba{HO).. removes one of the Et radicles form¬ 
ing diethyl-cyanuric acid.—4. PCl^ reacts with 
formation of (CN),Cl 3 .—5. Heated with cone. 
NHjAq to 170®-180® araidogen replaces cthoxyl 
groups, ammcline and melamine being formed. 
Tri-iso-amyl cyanurate Gig^jNjO, t.d. 
/OC,H.. 

(CN)j^OCjH,,, Syrupy liquid. Undergoes in- 
\ 0 C 3 H,, 

tramolecular change above 360® (Elason). 

Triphenyl cyanurate OjiHuN^O, i.e. 


✓OPh 
(CN),^OPh. 
\OPh 


Needles. [224®]. Distils un¬ 


changed. Insol. water and ether, sol. benzene. 
Cone. HCl at 180® causes it to combine with the 
elements of water and break dewn into phenol 
and cyanurio acid (Hofmann a. Olshausen; Hof¬ 
mann, B. 18, 765; 19, 2083; Klason, Bihang 
till K. Svenska Vet. Akad. Handl. 1885, 10, 
No. 7). 

Tri-p-nitrophenyl cyanurate 
/OCgH.NO, 

i-e. (CN) AoC.H^NOg. Pale yellow 

\oc«h,no2 

tables. [194®] (Otto, B. 20, 22367, 

Tri-tolyl cyanuratea GsgHstKiOg ie. 
/00,H, 

(ON),fOC,H,. 

\0O,H, 

Tri-o-iolyl cyanurate. Pale yellow needles. 
[152°] (Otto). 

Tri-m-tolyl cyanurate. Colourless micro- 
scopio needles. [225°] (Otto). 

Tri-p~tolyl cyanurate. Silky colourless 
needles. [207°] (Otto); [265°] (Frentzel, B. 21, 
411). 

Tri-eugenyl cyanurate 0„H„K,O,t.s. 
/O(C„H„0) 
(0N),fO(C„H„Ol. 

\0(C,.H„0) 

Pale yellow miotos^pio laminfe. [122°] (Otto). 
Tri-thymyl cyanurate OnH„N,0, is. 

(ON),fO 

Pals yellow orystalUne powder. [151°] (Ot( 0 |. 
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Tri'naj^Mhy} cyanurat6i(L^^tOii^ 

(0N)^00,„H, 

\OC,„H, 

Tri-{tt\»nap'hthyl cyanurate. Greenisliyellow 
powder, “iposing when heated without hav¬ 
ing a distinct melting-point, 

Tii.{$).mphlhyl cyanurate. Light green 
powder (Otto). 

Ar.KOTL DKBIVATIVE8. 

I^’ormation.—By the action of alhoyl chlor¬ 
ides on silver cyanurate (PonornarelT, B. 18, 
3273; Sonier, C. 313). 

Tri’dcetyl cyamirate U. 

(flN),foAo. 

\OAo 

Acetyl chloride and silver cyanurate aro 
brought together in presence of ether, the mix¬ 
ture is afterwards evaporated, and the residue 
crystattiBed from chloroform. Minute crystals. 
[170°] with dccoinp^ition. Insol. ether; si. sol. 
CHCl,. Sol. warm water witli decomposition 
into acetic and cyanuric acids (Ponornaroff). A 
very similar comi>ound to this was obtained by 
tiie action of AcClon CNOAg in the preparation 
of cyanogen acetate or acetyl evanate (Schiitzen- 
berger,^. 123,271). 

Tri-benzoyl cyanurate i.e. 

/OBz 
(CN),(-OBz. 

\OBz 

Benzoyl chloride and silver cyanurate are 
heated together in closed tubes at 100°. The 
contents are extracted with CFICla, wlxich on 
evaporation deposits tribenzoyl cyanurate in 
needles. On licating it decomposes. SI. sol. 
CHCl,; insol. ether. Wanned with water it do- 
composes into cyanurioand benzoic acids (Senior). 
Normal thiocyanaric acid v. Thiocyanurio 

ACID. 

Normal ^mido-cyanaric acid. Ammrlidc. 
Melantiretiie acid (y. Ammkmdk). 

Normal diamido-cyanuric acid. Aimneline 
{v. Ammeijne). 

Halogen OERtvATivEs v. AsiMKr-iNB. 

Alkyl derivatives. 

Dimethyl -di-amido cyanuric acitZ. 
Dimethyl ammcline Cjll,N^O ix. 

/NHMft 

(CN),^NllMo. Dimethyl amide of cyanuncacid. 
\OH 

Formed by heating di-methyl di-amido cyanuric 
chloride with dilute acids or by heating it with 
water at 200° (llofniann, B. 18, 2770), or by 
heating tri - chloio.acetonitril with aqueous 
metiiylamine at 120° (Weddigo, J.pr. |2J 33, 8 !)), 
Crystalline pp. Heated it decomposes without ! 
melting. V. si. sol. boiling watea; insol. alco- i 
hoi and ether ; sol. NuHOAq. Possesses acid 
and basic properties. (CiII„NjO,IICl).iPtCI,. 
Ethyl diatnido - cyanurate v. Amme- 

LINE. 

Ethyl ethylamido-amido-cyanurate. 


Ethyl d%.ethyl’di-amido-cyanurate. 


Diethyl-ammcline i,e. (CN),^NHEt. 

\OKt 

Obtained by acting on (CN),C1, with NH.^t 
and treatment of the resulting compound, with 
HCl (Hofmann, B. 18,2776).—PZatiwocAZor- 
ide (0,H„N,0,H0l),Pt0l,. 

VoL. II. 


m . , /NHEt 

Tn-ethyl-ammeline 0,H„N,0 ix. (CN),^NHEt 
_ , . \OEt . 

Formed by heating tri-ethyl-molamine with 
HCl (Hpfmann, B. 2 , 604). Syrupy liquid, Pt. 
salt :—(C,H„N,0,HCl),PtCI,. 

Di-methyl-di-amido-cyanuric chlot^ 
/NHMe 

ide CJIsN.Cl ix. (CN),^NHMe. Pre- 

\oi 

pared by the action of (CN),C1, on a solu¬ 
tion of metliylamine in methyl alcohol (Hof¬ 
mann, B. 18, 2766; Klason, Bihang till K. 
Svenska Vet. Akad. Handl. 1886, 10, No. 7). 
Needles. [241°]. Insol. water, alcohol, and ether. 
Solublowith partial decomposition in glacial ace¬ 
tic acid. Beacts with water, forming dimethyl- 
arnmeline. .^monia converts it into dimethyl- 
melamine; mcthylamine turns it into trimothyl 
melamine. 

Methylamido - methoxy - cyanuric 
/NHMe 

chloride CJi^N 40 Cl i.e. (CN),^OMe , 

\ci 

Formed in the same reaction with the last- 
mentioned compound (Hofmann, B. 18, 2771). 
Neeides. [155°j. Sol, alcohol and ether, 

Phenyl diamidocyanurate. Phenyl 
/NH, 

amuichnc CylluNjO i.e. (CN) 3 ~NH 2 . Insoluble 
\OPh 

white crystalline powder. [245°] (Otto, B. 20, 
2210 ). 

o-Tolyl diamidocyanurate. Tolyl 
/NH, 

ammcline C,oH,,NjO i.e. (CN),^NH 5 , 

\ 0 (C^,) 

White crystalline solid. [225°] (Otto). 

Alkoyl deuivativeb v. Bl.vzoyl ammeline. 
Normal cyanuramide. Normal Melamine, 
/NH, 

C.IIA (CN)/-NH,.* 

\nh, 

Formation.—l. Is one of the by-products in 
the prc])aratioD of melam by the action of heat 
on ammonium tliiocyanate (Liebig, A. 10, 18, 
53, 342; Volluird, J. pr. [2] 9, 29; Claus, A. 179, 
121; B. 9,1916; Jaeger, B. 9,1551).~2. By the 
action of aqueous annnonia at 100° on (CN),C1, 
(Hofmann, B. 18, 2*’?6d ; Klason, Bihang tiU K. 
Svenska Vet. Akad. Handl. 1885, 10, No. 7).— 
3. From trimethyl thiocyanurate by the action of 
concentrated ammonia at 180° (Hofmann, B. 18, 
2759).—4. Cyanamido polymerises by the action 
of heat to dicyanamido, and then passing to the 
trimoleoular grouping, part fonns melamine, and 
part \vith evolution of ammonia condenses to 
melam (Drechsel, J.pr. [2)13,331).—5. Melamine 
thiocyanate is formed when strong ammonia is 
made to act on pseudo-cyanogen sulphide at 
100’ (PouomarelT, J. B. 8 , 215).—6. By the ac¬ 
tion of heat on guanidine carbonate in presence of 
phenol (Noncki, J. pr. [2] 17, 235).—7. Oyau- 
raelamidine breaks down when heated with HCl 
into melamine and HCN (Byk, /.jpr. [2] 20,8461. 

Preparation.—Trimelhyl thiocyanurate is 
inclosed in a tube with an excess of concentrated 
sblntion of ammonia, and heated at a temperature 
of 180° for several hours. The temperature most 
not vary muon, for if 200° or so is attained 

Y 
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'hydroxyl compounds are formed, and if it falls 
much l^low 180*^ the reaction is incomplete, and 
the melamine will be found to contain sulphur, 
rendering a second treatment with ammonia 
necessary. When the operation is successful 
the tube on cooling will contain an upper layer 
of methyl mercaptan, while below in the^dqueous 
portion large colourless cr>8tal8 of melamine 
will have made their appearance. It may be 
further purified by reorystallisation from water 
(Hofmann). 

Properties. — Monoclinic prisms (Weibull, 
J. pr. [2] 33,392). Heated gently it sublimes. 
V. d. sol. cold, V. sol. hot water. V. si. sol. hot 
alcohol, sol. hot glycerin. Powerful base form¬ 
ing salts and decomposing many metallio salts. 

Reactions. —1. Heated to low redness two 
molecules combine with evolution of 3NIT, to 
formmellon (CN),j(NH),:(CN)8.—2. Heated with 
dilute HNO, the amidogen groifps are succes¬ 
sively replaced by hydroxyl giving ammeline, 
ammelide, and finally eyanuric acid (Knapp, A. 
21, 266).—3. Fused with KHO potassium inellon 
and potassium cyanate are forced.—4. (CN^aCls, 
AcCl, and ACgO are without action on melamine 
(Senier, B. 19, 312). 

ComWtuiftOTW.—B',HC1 IJaq: needles (Lie¬ 
big, A. 26, 187; Byk, J. pr. [2] 20, 315). 
—(B'HCl) 2 ,PtCl, 2aq (Hofmann, B. 18, 2700; 
Klason, J. pr. [2] 83, 293).—B'JLSO, 2aq also 
with l^aq and 8aq. V. si. sol. cold water. Test 
for melamine (Drcchsel, J.pr. [2] 13, 332 ; Byk ; 
Jaeger, B. 9, 1655).—B'.H^SO,. Short rhombic 
prisms. Decomposed by water (Nencki, J. pr. 
[2] 17, 237).—B'jH^C.O,. V. si. sol. water. 
—BTHSCN: prismatic crystals. V. si. sol cold 
water (Claas, B. 9, 1915; Ponomareff, J, B,. 8, 
216).—B'AgNOj. Crystalline ]>p. sol. hot water 
and ammonia (Liebig; Byk). — B' 2 AgN 03 : j 
needles (Zimmermaim). j 

Metallic debivatives. 

By treating (CN)3(NHj)82AgNO, with ammo¬ 
nia a compound said to bo diargcntomelamine 
yNHAg 

(CN)-f-NHAg is obtained (Zimmermann). 

\NH, 

Alkyl debivatives. 

Formation. —1. By the final action of amines 
on (CN),C1, (Hofmann; Klason). -2. By the 
action of secondary amines on (CN),Cl 3 (Hof¬ 
mann, B. 18, 2778).—3. B^ the action of amines 
on trialkyl thiocyanurates (Hofmann). 

Reactions. —1. Water (dilute acids) decom¬ 
poses ^yl-melamines into eyanuric acid and 
amines. 

(CN),(NHEt), + 8HOH = {CN),(OH), + 3NH,Et 

and 

(ON),(NBg,+3HOH=(CN)3(0H), + SNHEtj 
(Hofmann, B. 18, 2773). 

Dimethylcyanuramide. Dimethyhnela* 
/NHMe 

mine. i.«. (CN)^Nme. From dia- 

midO'Cyannrio chloride by the action of ammonia. 
Crystalline base. Sol. water, si. soL alcohol %nd 
etbbr (Hofmann, B. 18, 2768). 

Trimethyleyanuramide. TrimethyU 
/NHMe 

nelamme C^isN^ f-c. 

(116*^. V. boL wiUer andaloohoL—(B^01),Pt0l4. 


Prisms. —B'{HCl) 3 ,PtCl^: long needles (Hofmann, 
B. 18, 2768' a. 2767; Klason, J. pr. [2] 83, 
293). 

Sexamethylcyanuramide. Hexame- 
/NMe, 

thylmelamine G,H,kN 3 i.e. (CK),^KMe 2 . Base. 

NNMe, 

Needles. [171®-172«]. — (B'HCl)^tCl,: long 
needles. 81. sol.water; sol. alcohol (Hofmann). 
Triethylcyanuramide. Triethylincla- 
vNTlEt 

mine G^i^N, i.e. (GN) 3 ^NHEt. Base. Needles 
\NHEt 

(from water) or prisms (from alcohol). [73®- 
74®j. SI. sol. boilmg water. Sol. alcohol, ether, 
and benzene.— (B'HCl);jPtCl 4 : insolubleneedles.- 
-B',(HCl)^tCl,.—B',^gNO, (Hofmann, B. 18, 
2775; Klason, J. pr. [ 2 j 33, 294). 

Hexaethylcyanuramide. Hexaethyh 
/NEtj 

melamine CijHjoN^ i.e. (CN) 3 ^NEt,. Liquid. 

\NEt, • 

Sol. alcohol and hydroohlorio acid. Base. 
(B'HCl)...rtCI,. Crystalline. Sol. alcohol, si. sol, 
water.—B'HChAuCJj: needles. V. si. sol. water 
and alcohol (Elofmann, B. 18, 2778). 

Tripiperidyl-cyanuramide. Tripipe- 
/NCjH,, 

ridylmelamine CigHjoN, t.c.(CN) 8 —NCjH,,, Base. 

XNCgH,, 

Needles. [213®].—(B'HCl)jPtCl,. Heated with 
HCl at 150° it is decomposed into piperidine 
and eyanuric acid (Hofmann, B. 18, 2780). 
Triethylidencijanuramide. Tri- 

/NC 3 H, 

ethylidenmclamine CgllijNg i.e, (CN),^NC^H 4 . 

\nc,h, 

Formed by the action of CHjCHO on GNNHj. 
Sol. alcohol; insol. water, GSj, CHCl,, benzene, 
and aniline (Knop, A. 131, 253). 

Cyanuramido acetic acid. Melamyl 
/Nil, 

\nH.CHjCOOH. 
Formation .—By the action of chloro-acetic 
acid in presence of sodium ethylate on cyan- 
amide (Brechsel, J. pr. [ 2 ] 11, 332). 

Prqperiies.—Crystalline powder. Decomposes 
without melting when heated. V. si. sol. water, 
insol. alcohol and ether. Sol. alkaline solutions. 
Combines with bases, acids, and salts. 

Combinations.'-K salt: sol. water. Com¬ 
bines readily with CO,.—BlICl: needles; v. si. 
sol- water; insol. hydrochloric acid.—B'HNO,aq: 
laminie. — B'AgNOgaq : needles. — B',H^S 04 ; 
large prisms. 

Phenylcyanuramide. Phenylmelamine 


acetic acid. C^ilgNoOji.e. (CN),; 


Formed by heating 


/NHPh 

diamidocyanuric chloride with aniline at 160®. 
Prisms. [284®]. Sol, alcohol. (B'HClJ.^PtCI, 
(Klason, J. pr. [2] 33,295). 

Triphenylcyanuramide. Triphenyl- 
/NHPh 

melamine C„H,sN^ i.e. (CN)i^NHPh. ' Needles. 

[228®]. (360® sablimes). Insol. usual solvents. 
61. sol. glacial acetic acid (Hofmann, B. 13, 
8218 ; Klason). 
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Pseudotrii.henylcyanurai^idc, TrU 
pJienylmclamine C,HgPh,N„. Foimod by tho 
tlo8truotive distillation of tribenjsoyl-melumine. 
Vellow crystalline insoluble powder. Sol. hot 
phenol. [ 0 . dCO®] {Gorlicli, iir, [2j 13, 28d; 
l)rcchsel, IS. 21, lolO). 

Tetrai)hcnylcyanura7nide. Tetrajphe- 

nyhnelamitie i.c. (CNjj^^-NPh,.. 

\NU/ 

formation. —1. By lu-iting diphcnylguani- 
dine to ITO^-ISO"^ (Uofni.mn, B. 7, 1737).—2. 
By tho action of Cl^l on <iniiine at 170''-180‘^ 
(Woith a. Ebert, B. 8, 912). 

, JVqpcrtir^.—Nc(;dios. [217®]. Insol. water; 
T. si.’ sol. ether. Mono-acid base. Heated alone 
it decojnposeg into NH,„ mono-, and di-phenyl- 
amine and HCN; with HCl or KIIO the products 
arc COj, NH„andaniline. llydrocliloride- 
B'HCl. Pt salt :~(B'HCl),,PtCl.. 

IIe!ta2)heuylcyann7'(iinidc. licxaylic- 


m 

Tribenzoyl-cyanuramido. TribenxoyU 
/NHBz 

melamine i.e. (CN),^NHBz. Formfid 

\NHBz 

by polymerisation of bcnzoyl-cyanamide. Yellow 
powder^ [275®]. Insol. water, alcohol, and ether. 
Heated tho products are CO^, HCN, benzonitrilo, 
dibcnzoyldicyanaraidc, and psendotriphenyl-mo- 
lamine (Gerlich, J. pr. [2] 13, 272). 

Condensed cyanuramido- componndi. 
Mclam CnHftN,, i.e. 


/J 

ni/lindaminc i.c. (CN) 3 ~-NPhj,. Hhom- 

\NPh, 

Lie tables {from nitrobenzene), [above 300®]. In- 
f,ol. u'uial solvents. Docs not combnio witli HCl. 
At 200^ llCl dcfoiDpo^cs it into diplienylainine 
and c^unurio acid (Unfmann, B. 18, 3219). 
IWi-p-tolyloydini ra midc. Tri-p-iohjl- 
/NHC.H, 

melamme C^,TI.,,Nj i.e. {CN),(--NHC,H,. Indif- 

\nhc,h, 

ferent. Insoluble. Needles. [283®] (Klason, J”. pr. 
[2J 33, 294). 

IWiamidodritolyl cyanuramide. TrU 
tolnidyhne.lnminr C^,!T_,,N„ i.c. 

(CX),—Fornu’d by the action of 
XNHCjIIsNH, 

tolylene-diamiue on cyan-jiic chloride (Fries, 
C. J. 49, 31| a. 739). Tim two iiiternmdiato 
compounds mono- and di-tolylene-aimdo- 
cyanuric chloride are aI:-o formed in this 
reaction (Fries). 

Trinaphthyl • cyanuramidc. Trt- • 
/NI[C,„U, ■ 

naphthylmeluninc C., i.e. (CN)N i! O,,,!-!, 
\.NiiU|„iI, 

Formedbytlic action ot (a) aitd(i8) naphthylamino 
on (CN),Cl 3 {a)-t7 Lnaphihyl-inclatfjine [223®J and 
{$)-tri7iap}ithyl-t7i('la)nine [:'09®J togrtlier witli 
the (a) and (fl) /nono- and duuipiithylaitudo- 
cya7mric chloi ides are formed (Fries). 

Triphc7iyl-tri. amido - cyanuramidc. 
Trianihjlmciutninc i.c. i 


'NPh, 


/NHj H,Nn: 

(CN)3fNH, H,N.^(CN),. 

\—Nil—/ 

Preparation.--CrxxdiQ mclam is obtained by 
the action of heat on ammonium thiocyanate 

j 16CNSNH^ = 2 C«II,N„-i-5{NH,),S-h 4CS, f 3 H 3 S. 

A strong heat should be applied, best by means 
of a metal b«th, rising quickly to 300®, and 
I continued till the evolution of gas ceast's (Liebigi 
I A. 10, 10; Claus, A. 179, Il8). TJie product 
I consists of melam thiocyanate and uicdem. It 
‘ i« washed by boiling with water and afterwards 
j with cold dilute potash. Tlicn it is dissolved in 
; liot dilute IJCl and reppd. by KIIO (Klason, 

; J. pr. [2] 33, 286). 

Properties.—kn indilTevent insoluble powder. 
Slightly sol. acids and hot alkalis. Heated 
I alone it yields NH, and mellon; with dilute 
j acids or alkalis it gives Nil, and amineliue; with 
cone. HNOj cyanuric acid. 

I Mclefn Cull,,N.» i.e. 


(CN); 


Obtained together with the i 


/NII.NH.Pli 
(CN),^NH.NH.P]i. 

NNH.NH.Ph • i 

mono- and diphenylliydrazinc-ci/anuric chlor-ide , 
by the action of phenylhydrazine on ( 0 N),Cl 3 i 
(Fries). ) 

AlKOTL DRRIVATlVKfl. 

Formyl - cyanuramidc. Foimryl-rncla- 
/Ntfl(CHO) 

mne C^H,N.O ue. (CN),^NH, . Prepared 

\nh, 

by the action of oxalic ether on cyanamide 
(Mulder, B. 7,16.31). Insol. water. Decomposed 
by acids or long boiling with water. 


/NH, H,Ny 

-NH-^(CN),(?). Prepared by di. 

X—NII—/ 
gesting 1 pt. of cviido melam with 4 pts. KHO 
and 80 pts. of \vat(*r for 24 hrs. at 100®. Melcin 
remains unacted upon, while melam is converted 
into ammehne. By heating with cone. KHO 
inelcm forms ammelide and NH, (Klason, J.pr, 
[2J 33, 287). 

Mellon CJl.N, i.e. (CN) 3 eNH^(CN), (?). 

\nh/ 

This compound, which is the homologous tri- 
molecular modification of cyanogen cyanamide 
(CN).NH.(CN), of which metallic derivatives are 
known (Bannow), is formed among tho products 
of the action of heat on numerous cyanogen 
derivatives—pseudortiiocyanogen, mercuric thio¬ 
cyanate, ammonium thiocyanate, melem, mela¬ 
mine, animclino, nmmolide, diamido-cyanuric 
chloride, cyanamide, <fec. (Liebig, A. 10, 4; 60, 
312; Laurent a. Gcrhardt, A. Ch. [2] 19, 86; 
Vfclckel, P. 61, 375). A light yellow powder. 
Insol. water, acids, and alkalis. Heated aloue 
it brcalcs down into N, CjN,, and HCN; with 
KJIO, into Nilj and mcllonpotassium, and with 
UNO., into cyanilic acid and Nil,. 

Mello7ihydride 0,H,N„ i.e. 

/(ON), = Nlf 
Nf (CN),=NH (?). • 

\(CN), = NH 

• Preparation .—The potassium salt of mellon- 
hydride is formed either by heating a mixture 
of mellon and KHOAq in presence of cyanogen, 
or by melting potassium thiocyanate toge^er 
with melam, mellon, or SbCl, (Liebig, A. 96,271 $ 
Volhard, J.pr. [2] 9, 29; Klason, J.pr, [2] 38, 
289). The potassium salt is converted into % 
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eopper oompoand, and this decomposed by H.S 
gives an aqueous solution of the free hydride. 

Proper ties.—A. strongly acid solution. De¬ 
composes carbonates. All attempts to isolate 
the free hydride have been unsuccessful. It 
forms primary* secondary, and tertiary tfalts. 

Salts. — khan, 8. — K,HC,N,,, 3aq. — 
KgOgNjibaq. Needles. Bitter. S. 2 7 in cold 
water. — Ca3(0,N,3)2 4aq. — Ba 3 (C 5 N, 3 )j Gaq. — 
Cu 3 (CjN, 3)2 5aq.—AgsCftN,,. 

Cyafneluric acid 


Olshausen; Ponomareff, B. 18,8271; Hofniaun, 
18, 2800; 19, 20U3). 

CombiruiUons with formamide (Gautier, A. 
149, 313) (CN),(NMe) 3 ,HCONn,. Obtained by 
the oxidation of acetonitrile. [175® with partial 
sublimation) (CN) 3 (NMe) 3 .(HOO) 8 NH. [163®). 

(108^). 

Dicihylisocyanxiric acid OjfluNjO, i.e, 
^NEt 

(CO)j^NEt. Hexagonal prisms. Measurements 

^NH 


NH HO\ 

/ HO^ 

(ON),-0— (CN )3 (?), or possibly 

/OH HO\ 

(CN)/ no->(CN),, 

^ N / 

formation. —By tlie long-continued digestion 
of potassium inellon with KHO and liberation 
of the free acid from tlie salt so obtained by 
HCl (Henneberg, A. 73, 235; Volhard, J.pr. [2j 
9. 30). 

Properties .—Powciful tribtisic acid. While 
powder. V. si. sol. water. Heated alone it yields 
cyanic and cyanuric acids and nicllon. 

Salts. — KjA'^Saq: needles. Sol. water 
with strong alkaline reaction (I.iebig, A. 95, 
281).-KH A" 2aq.—Ba,A'". aq -Ag^A'". 

aNH 

I^acvanuric acid (CO),^NH. The liypo- 

\nh 

thetical acid corresponding to the isocyanurio 

ethers. 

AlKTL DERI^AT^VKS. 

Foruxation.— 1. By tlio distillation of a mix¬ 
ture of potassium cyanurate and alkyl sodium 
sulphate (Wurtz, A, Ch. [3] 42, 57).—2. By the 
action of beat on alkylacctylurea alkyl iso- 
cyanurates are formed, together with aci lainido 
and other products (Hofmann, B. 14, 2728).— 
8. From dialkylnreas by heating (Wurt/, J. 
1856, 700).--4. By the action of alkyl iodides 
on silver or potassium cyanurate (Uabich a. 
Limpricht, A, 109, 112; Ponomareff, B. 18, 
3270).—6. By polymerisation of isocyanic ethers ' 
or the intramolecular change of normal cyanuric 
ethers (Hofmann a. Olshausen, B. 3, 271). 

Reactions. —1. The action of water (heating 
with dilute acids) causes the ibucyanuric ethers 
to breakdown like the isocyanic others into CO, 
and amines (Wurtz).—2. With PClj isocyanurio 
ethers do not give cyanuric chloride, but chloro- 
alkyl substitution compounds (Hofmann, B. 18, 
2800). 

Dimethylisocyanuric acid CjH.NA 
^NMe 

i.e. {CO)j -NAJp. Needles. Crystal measure- 

ments (Hofmann, B. 19,2071). [222'^]. Its salts 
are not very stable. Ammoniai 2 al solution gives 
with CuSO* a violet On salt. Silver salt v. si. 
sol. water (Hofmann, B. 14, 2728; 19, 2009) 
Trimethylisocyanurate Cj,H„NA 
^NMe 

(CO),“NMe. Prisms. Crystals measured (Hof- 

Mm. 

mann,B.19,2067). [175°-176°]. mV). Insol. 
cold, si. sol. hot water. Sol. alconol. Treated 
with PCI, the compound (CN),(OCHjCI), is 
formed.—B'HgCljcrystals (Wurtz; Hofmann a. 


(Hofmann, B. 11), 2078). J173'’]. SI. sol. cold, 
sol. hot, vi'ater. Sol. alcohol, ether, ammonia, 
and alkalis. — B',,Haaq: sol. water. — B'Ag: 
needles, ppd. bv arnmoniacal AgNO*. Copper 
salt roso-colouri'd (Habich a. Limpricht, A. 109, 
112; Wurtz, J. 1856, 700; PonomarejEf, B. 18, 
3270). 

Triethyl‘isocyanuraie CgHuNjO, i.e* 
//NEt * 

(CO), ^NLf. Bliombic prisms (Hofmann,B. 19, 

VNEt 


2070). [95'’J. (270®). Distils with steam. Sol. 
hot water, alcoJiol, and acids. PCI, has no 
action, and KllO decomposes the ether with 
diihcuity. Heated with Ba(Oil)Aq it yields CO, 
and inetbylbiurct, and similarly with sodium 
alcoholate ethylene, ethylamino, triethylguani- 
dine, and tricthylbiuret aie formed (Hofmann, 
J. 1801, 516). Chlorine forms substitution 
derivatives (Wurtz ; Habich a. Limpricht; 
Ponomareff; Gal, A. 137, 127). 

Tetrachlorotriethyl isocyanxirate 
C^HijCl^NjOj. Crystals. Insol. water; sol. al¬ 
cohol. Not ppd. by AgNOa. Compounds con¬ 
taining less Cl are obtained by the action of 
alcoholic potash (Habich a. Limpricht, A. 109, 
100 ). 

Tribenzyl isocyanurate v. Benzyl- 

CTAKUr.ATt:. 

'Tf iphcnyl isocyanurate 


/'NPh 
U. (CO)af^NPh. 
^NPh 


Formation.—!. Tlie NH groups of triphenyl- 
isomelamine are replaced by oxygen by treatment 
With alcohol and HCl.—2. Phenyl isocyanate is 
polymerised to isocyanurate by heating for 3 hrs. 
at 100^ with dry potassium acetate (Hofmann, 

B. 3, 208; 18, 705 a. 3225). 

Properties. —Prisms. f274®-276®]. Distils 
m<)«;tly unchanged. Insol. water; sol. hot 
alcoliol. 

Carboxylic dkrivativj.s. 

I>.V the action of ethyl chloroformate 
ClCdOEt qp potassium cyanate, besides carbox’ 
ethyl-corbamic ether, three cari»)xethyl deriva¬ 
tives of isocyanuric acid have been obtained. 
These are tricthyl isocyanurcarboxylate, and two 
derivatives intermediate between that compound 
and isocyanurio ether. By distillation they lose 
COsand are converted into isocyannratos (Wurtz 
a. Henninger, Bi«44, 20). 

Triethyl isocyanurcarboxylate 
/NCOOEt 

C, :H,,N,0,i-^* (CO) 3 j-NCOOEt. Crystals, 

NNCOOfit 

[118°-ll9®j. 
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Dicarboxelhyl ethylisocyOnurate 
yNCOOEt 

C, ,H„NA (OO)^NCOOEt. Crj-atiils. 

[123°]. 

Oarboxethyl diethyliaocyanuratc 
/NCClOEt 

C|,H,.N,0, i.«. (CO),:^-NEt . Needles. 

\NEt 

[107°]. 


iBOainmelide (hypothetical) 


CNH 

HN.^NII 


OC 


CO 


NJX 

AlRYL DKHIVATrVEB. 

Trimethylisoammelide Cjr,(,N^O^ i.c. 
CNII 

MeNt^NNMo 

. Formed by the action of IIC! 

ocl Jeo 

NMe 

on the platinum saltof tninetliy1i<omelamme.— 
; sol. iilcoiiol, msol. clher.— 
ll'JlCl.AnCl.,; needles; v.sl.sol. water (llol'niann, 
J8,27S0). 

Tricthylisoanimelide t.e. 

CNH 

EtN/^NEt 

. Obtained by treatment of tri- 

OC\/CO 

NEt 

eiliyl isoinelamino with IICI. — (B'ffCIIJUCl, 
(ilofiiuinn, B. 18, 27Hlt). 

TrtplioiyUtaoamiuclidc C^,H,|N^O^ i.e. 
CNH 

riiNr^NPh 

. From triphcnyl isomelamina 

ocl Jed 

NPh 

bv heatin'' with flCl. Neoclles. [27‘2'’J.— 
(i> 11(^1)J’tCl,: aiiKiiplious (Iloiniann, Jf. 18, 

CNH 


Isoammeline (hypothetical) 


11N 


I ■ 


NH 


OC'.^^iCNH 

MI 

AliKYL DEniVATIVES. 

Triethylisoainmcline CJlijN^O i.e. 
CNH 

rtx/NNEt 

. Formed by tho action of HCl 
OClJCNH 

on triothylisomolamino (Hofmann, B. 18, 2789). 
Triphenylisoammeline C^,ll,;NjO i,e. 
CNH 

rhN/\NPh f 

. This and the corresponding iso* 

ocl JCNH 

ammelide derivative represent the two possible 
intermediate compounds between alkyhsomela* 
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mine and alley! iso-cyannrate. Both are prepared 
by treatment of ttiphenylisomelaminewith HCl, 
the isoammeline being first formed (Hofmann, 
B. 18, ;}221). 

Isomelamine (hypothetical) (ONH).3NH %£. 

mil 


HN 

1 

NH 

1 

1 

IINC 

I ' 

CNII 


\/ 

NH 

AIjRYL DERmTlVES. 

Foriiuition.—hy heating solutions of alkyl* 
cyun.'iMiides, whereby polymerisation takes place 
(tlumiann, B. 2, 

-Heated with dilute acids the 
alkyl isomehflnines yield NU^, and become 
converted into isocyanuratea {Hofmann). 

Trimeikyl it-umelaviine CfcH,^N„i}aq i.e. 
(CNMe)j(NlI),3aq. Neodlea. [179°]. Commences 
to sublime above 100 k Sol. water and alcohol, 
insol. ether. Ileaction alkaline. HCl acts in the 
first instance, forming trimcthylisoammelide and 
then trimethylisocyanurate. — B"(HCl).^,PtCl 4 . 
Lamina*. V. si. sol. water and alcohol.— 
B"(HCl).,,AuCl,. Needles (Hofmann, B. 3, 201; 
18, 2784 ; Baumann, B. 6, 1372). 

I'rietkyhsovielamine CaHj^N^Xaii i.n. 
(CNEt),(NH )3 4aq. Crystals. [92°]. V. sol. water 
and alcoliol. Ileaction alkaline. HCl reacts form- 
ing successively triethyl-isoainmeline, trielhyl- 
isoammelide,and triethyl isocyunurate.— Salts: 
1’/'([1C1),,PICI,. Hoi. water. —B'HIClAuCl,).^ 
1\. (lies. Bl. sol. water and alcohol (Hofmann, 
B. 2. 002; 3,200; 18,2788). 

Tribensjf I • isoinelaminc C;,Hj,N, i.e. 
(CNC,Hv),(Nli).,. Laminro [higlier than benzyl- 
cyanamiilej.—B"{HCI).,. Needles. SI. sol. water 
(Stinkosch, ]). 6, 094). 

Triphenyl -isomelqminc C.^iHigN, i.e, 
{CNPh).33Nir. Needles. [185°]. V. si. sol. l ot 
water, sol. alcohol and ether. HCl reacts forming 
successively tiiphenyl-isoainmeline, triphenyl- 
isoannnelide, and trij)henyl-isocyanurate.— 
B,(KCl),PtCl.. Needles (Hofmann, B. 3, 207; 
18. 3223). 

Normal-Uo Cyanuric acids (hypotbotical). 
Alkyl nEiuvATifhs. 

Phenyliso-dinormal cyanuric acid 

Monophenyl isocyaniiric acid 

con 

PhN,/^,N 

C„H,NmO,(.^. . Formed by the 

OC'^^ycOH 

N 

action of cone. IICI on Rathke’s triphenyl-am- 
meline. P'lat needles. [285°-289°]. V. sol. hot, 
V. si. sol. cold water (Rathke, B. 20,1070; 21, 
803). 

Diphenyliso-normal cyanuric acid 

, coil 

PhNf^.N 

C|.H„N,0, or • Prepared by heat- 

ocl^^co 

NPh 

ing tt-triphenyl-melamine with cono. HCl at 
160°. The phenylamido group is thus replaced 
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PhNr 


ammeline Ca,n„NiO i.e. 


Pro- 


by hydroxyl and the imido* groups by oxygon. 
Needles or laminae. [261^]. Insol. water, sol. 
alcohol, V. b1. sol. ether. With cono. HCl at 
280*^ it breaks down into CO 3 , and aniline. 
0 -(Hi^gNiO, crystalline pp. formed on ^dition 
cf AgNO} to a solution of the sodium satl (Hof¬ 
mann, B. 16, 3230). 

Normal-iso ammelines (hypothetioal). 

Alkyl dkbivatiyes. 

Phenylnormalamido • diphenyliso - 
amido-cyanuric acid. TripJitnylammclifie 

con 

PhN/^.N 

0,,H„N,0ij!. . Obtained 

PhNCk JCNHPh 

N 

by treatment of ethyltriphenylthioammeline hy¬ 
drobromide, a compound preparetf'by the action 
of ethyl bromide on triphenyl-thioammcline, with 
alcoholic potash. Colourless laminaj. [275'^J. 
V. el. sol. alcohol, si. sol. chloroform. Cone. 
HCl at 160’ converts it into phenyliso-dinormal- 
oyanurio acid {Kathke, B. 20, 1009; 21, 808). 

Phenylnormalamido-phenyliso- 
amido-phenylisocyanurate. TriphenyU 
CNHPh 

OCI^'CSH 

Wh 

pared by acting on Hofmann’s w-tiiphenylni<‘la. 
mine with HCl at 100'^. Crystals. [‘iOo ]. 
Heated further with HCl it is converted into di¬ 
phenyl iso-normal-cyanurio acid (Hofmann, B. 
18, 3229). 

Normal-iso melamines (hypulhetical). 

Alkyl derivatives. 

Phenylnormal - diphenyliso • mela • 
mine. u^Triphenyl-'nielamine 
* CNH., 

PhN f^^.N 

i.e. I j • 

PhNC 

NPh 

Formation. — By the desulphurisation of 
monophenylthiourca by HgO in alcoholic solution. 

Properties. —Needles. {^17°]. Insol. water, 
si. sol. ether, sol. chloroform, sol. dilute acids 
and reprecipitated by alkalis. 

Reactions.— the action of HCl it is con¬ 
verted at 100® into Hofmann’s isonormal tri- 
phenylainmeline,andatl50'"-200® into diphonyl- 
isonorinal cyanurio acid (Hofmann, B. l8,H22(j). 

Diphenyl-7nelamin6 C,ftH,,N,(. A by¬ 
product in the preparation of Kathke'a tiiphenyl- 
melamine. Formed together with aniline wlien 
in that process the further action of alcoholic 
ammonia causes the isonormal triphenyhnela- 
mine to change into tlTe normal isomeride. It 
may possibly prove to be a normal compound. 
[202®-204®]. (B'HCl)^tCl 4 (Rathke, B. 21, 87.2). 

Triphenylmelamine, (?) Diphenylnor- 
mal phmylisomelaminc 

CNH, 


0 „H.,N.w.( 7 ) 




PhN 


PhNC l^IcNHPh 


CNH ' 

PhN 

I 1 * 

PhNC CNPh 

\/ 

NH 

Foiniation. —By the action of alcoholic am¬ 
monia on ethyl triphonyl-thio-ammcline hydro- 
bromide, thoreaction being: CsNjHPh^SEt + NH, 
«C,N,,nVh,NH 2 + EtyH. Diphenylamineline, 
aniline, and normal triplienylmelamine are 
formed in tbe same reacUou (Rathko, B. 20,1071; 
21 , 868 ). 

Properties. —Prisma. [221®]. Sol. hot al¬ 
cohol. Jiase. The hydroohlorido and sulplmte 
are soluble, the nitrate is si. sol. water. 

Reactions. -1. Heated with alcohol and am¬ 
monia it changes to normal triphenylme^mine. 
2. Heated with cone. HCl at 125^ it is converted 
into llatlike’s triphonylamnfeline, and at higher 
teinpeiaturea into phenyl iso-dinormal-cyaiiurio 
i acid. 

I Other isomerides of cyanuric acid, 
j The members of this division of trimolecular 
j compounds are so little known that it would be 
I premature to attempt to assign to them struc¬ 
tural formula}. 

' The (a) and ( 18 ) Cyamuic acids (Ilcrzig, B. 12, 

' 170) are not included, recent investigation having 
shown that when purified they are in all respects 
identical with e.ach other and with ordinary 
cyanuric acid (Senier, C. J. 49, 693 a. 743). 

Cyamclide {G^Oll),-. 

Formation. —1. Liquid cyanic acid poly- 
mciisrs slowly at 0 ®, and instantly at higher 
temperature^ willi evoliitmn of heat forming 
cyameliJe. Tliis reaction takes place when ema¬ 
nates are treated with anhydrous acids (Tjiebig 
a. Wohler, P. 15, 5C1; 20, 384; Trqost a.Huule- 
femlle, J. 1869, 99; Weltzien, A. 132, 222).-2. 
Is formed, together with cyanuric acid, by the 
action of (CNj^Cl, on water (Liebig, P. 15, 563). 
Cf. Mulder {U. 6,199). 

Pwpertics. —Tasteless,inodorous solid. Insol. 
water, alcohol, ether, and dilute acid, sol. 
KHOAq or NH^HOAq, cyanurate being fonned 
on evujioiation. Heated alone it evolves cyanic 
acid. Jlo.itedwith H^SO, it is converted into 
ordinary cyanuric acid. C) amende may possibly 
! prove to be free isocyauiuio acid (Klason, J.pr, 
j [2] 33, 129). 

j Cyanilic acid CjNjOgH/iH.p. 
i This compound is so nearly related to cyan- 
i uric acid that when farther studied it may prove 
to bo identical with it. Mellon is heated to- 
gellicr with‘’HNOj, and the product extracted 
with water. Kecrystallised from water it con¬ 
sists of pearly laminai, or from HNO, of four¬ 
sided prisms. By solution in H^S 04 it is con¬ 
verted into cyanuric acid, which falls on tho ad¬ 
dition of water. It has the same proportion of 
: water of crystallisation, and tho crystals effloresce 
' just in the same manner as cyanuric acid. With 
AgNO, it forms a salt AgHaC^HjO.^, correspond¬ 
ing to a similar cyanurate. Its solubility in 
water was, however, found to be greater than 
that of cyanuric acid, and its crystalline form to 
be different (Liebig, A. 10, 84). 
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Wulminuric aeid H0,H,N,0| it. 

0:N0H 

A 

HN; 0 —IjiNH. 

Formation.—By heating fulminating mer* 
cury (not fulminating silver) with an aqueous 
solution of alkaline chlorides or iodides (Liebig, 
A. 95, 282 ; Sohischkow, A. 97, 63 ; 101, 213), 
or with water (Ehrenberg, J. pr. [2] 82, 98), or 
in tubes with alcoholic ammonia (Steiner, B. 9, 
781). The potassium or ammonium salt thus 
obtained is convertod into the lead or silver com¬ 
pound which 8 U 8 pei¥led in water is treated with 
U.^S. The aqueous solution which rosuHs depo¬ 
sits the free fulminuric acid as an indistinct crys¬ 
talline powder on spontaneous evaporation. 

Properties. — Small anhydrous colourless 
prisrns^from alcohol. Sol. water, alcohol, and 
ether. Solutions have an acid reaction, and 
give a oharactoristtc deep blue pp. with am- 
monio copper sulphate. 

Reactions. —1. Heated it explodes at 145®.— 

2. Heated with dilute acids or alkalis KHj, 

CO.^ and are formed (Steiner, B. 5, 381). 

3. The silver salt heated with conp. HCI sepa¬ 
rates one of its N atoms as NH 2 OH (Ehrenberg). 

4. Two atoms of N are evolved as ammonia by 
heating with soda lime.—5. With chloride of 
lime it forms C(NO,,)Cl 3 .— 6 . With H^SO^ nitro- 
acetonitrile is formed, and in presence of HNO 3 
tri-nitroacetonitrile. 

Halogen derivatives.—C hlorofulminurio 
acid CjH^ClN.Og. Salts AgC 3 HClN, 03 . — 
Ag.CgClNjO,. Bromofulminuric acid 
CjlLBrNsOj (Ehrenberg, J.pr. [2J 32, 111). 

Metallic {fmoaftvcs.—Nli,A': prisms, sol. 
water, insol. alcohol (Liebig). 

(NH^A') 2 (Hg 2 SCN), [150°J (Ehrenberg, J. pr. 
[2J 30, (^). — NH,A',HgSCN [IGl®]. — 

(NH^A')j2Hg(SCN), [156°J. — KA': prisms, sol. 
water, insol. alcohol. Explodes at 225*^ (Schisch- 
kow).-—MgA' 2 , 6 aq: needle 8 (Sleiner).—BaA' 22 aq: 
prism 8 (Liebig).—ZnA' 2 , 5 aq: needles (Steiner).— 
HgA',: crystalline powder (Steiner).—HgA'.j,HgO 
(Steiner). — PbA'j, 2aq: needles (Steiner).— 
CuA'j,4aq: emerald greenrliombs. CuA' 2 , 4 NHt: 
characteristic deep blue pp. Prisms. Insol. water, 
v. si. sol. ammonia.—AgA' (Liebig). 

Alkyl derivatives. —Anunstableoil CjH„NO.., 
is obtained by passing EGl into a mixture of 
potassium fulminurate and alcohol. It combines 
with NH, and amines—CoHnNOj.NHj [152®]. 
C,H„NOj,NH 2 Ph: needles. [81®] (Ehrenberg, 
J.pr. [2] 32,106; Sohischkow, A. 97, 61). 

Isofulminuric acid Cj,H,NjOj. 

Formation,—Together with oilier products 
by the action of aqueous ammonia on an ethereal 
solution of fulminio acid obtained by leading 
IICI at 0 ® into a mixture of fulminating mercury 
and ether. The aqueous solution on sponta¬ 
neous evaporation deposits fulminutamide, and 
from the solution by further treatment isoful- 
minurio acid is obtained. * 

Prqperfws.—Pulverulent. Chars without 
melting when heated. V. sol. water and alcohol. 
Gives no pp. with ammonio-ouprio sulphate. 

Salts.—KH^A'.—BaAV—AgA': amorphous 
pp., Insol. oold water (Ehrenberg, J.pr, [2] 80,48). 
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Mwinummide.—C,H. 2 NH 2 N 30 ,: long mi. 
nuteneedIe 8 .-(B') 2 Cu 02 N}I,: light blue pp.— 
B'„AgNO,: needles (Ehrenberg). 

Metafulminuric acid CjHjNjOj.SHaO. 

Formation.—By the action of dilute HjSO. 
on sodisra fulminate. The product is extracted 
with ether which evaporated in a current of air 
below 30® deposits the metafulminuric acid in 
needles. The solution contains isocyanilio acid 
which is formed in the same reaction. 

Propetties. —[81°]. Anhydrous acid explodes 
at 106®. Tribasic acid. V. sol. alcohol and 
benzene, less so in water and ether. DecomposM 
gradually with evolution of HON. 

Reactions. —1. KHO or water at 130® breaks 
it down into COj and,Nil,.—2. Heated with 
cone. HCI, NH 2 OH is formed.— 8 . Gradually 
changes into (3)-isofulminuric acid on standing. 

Salt8.-NJ3,H2A'".-(NH,)2HA'".— 
HsA'"(NH 2 Me) 2 : yellow needles. — KjA'". — 
PbHA'"aq: lemon-yellow insol. pp.—Ag 2 HA"'aq. 
On adding AgNO, to the aqueous solution the 
silver salt falls as a characteristic cinnabar red, 
at first gelatinous, precipitate. Explodes when 
dry at 86 ® (Scholvien, J. pr. [2] 32, 464), 

(&)‘Isofulniinuric acid CsHaNj 0 , 2 ^H 20 . 
Metafulminuric acid changes gradually on stand¬ 
ing, being converted into this metameric modifi¬ 
cation. Needles, from water. [188®]. [196° 
anhydrous, with decomposition]. Sol. water and 
alcohol. 

Salt 8 . —NH 4 A'.—BaA'j.—AgA' insol. pp., 
crystallises in needles (Scholvien, J.pr, [2] 32, 
474). 

Isocyanilic acid (CNOH)^. 

Formation. —To the ethereal mother-liquor 
from which metafulminuric acid has been sepa¬ 
rated, water is added and the evaporation con¬ 
tinued, when isocyanilicacid comes out in needles. 
It may be recrystallised from water. 

Properties.—Does not explode on heating. 
Sol. hot water, alcohol, and ether. Gives no pp. in 
aqueous solution on addinjf AgNO,orPb(C 2 Ha 02 ), 
or CuSO,. Heated with cone. KHO the solution 
is coloured deep red violet, and on the addition 
of alcohol a salt of the same colour is ppd. This 
red violet compound in aqueous solution gives 
with Pb(C 2 H., 02)2 a bright red violet explosive 
lead salt PbjCjH,N.O- (Scholvien, J. pr. [2] 32, 
476). , A. S. 

CYANIDES (including soi-phocyanides and 
SELENOCYANiDES). Biiuiry compounds of cyano* 
gen. In this article only metallic cyanides are 
described. Alkyl cyanides are described as 
nitriles ; e.g. for description of CH,.CN v. Aceto¬ 
nitrile. 

Cyanogen forms binary compounds with 
above 30 metals; most of these cyanides form 
several, some form very many, double cyanides; 
some of the double cyanides are best regarded 
as metallic dfrivatives of acids composed of H 
combined with metals ^d the atomic group CN 
(v. post). Cyanogen also forma binary com¬ 
pounds with the non-metals Br, Cl, I, P, Se, and 
a. Of these compounds, CNBr, GNGl, and CNI 
are described under Cyanic acid (p. 312,318); the 
others are described under Ctanookn as Cyano¬ 
gen phosphide, &G. 

The simple cyanides may be regarded as de¬ 
rived from oyanhydrio acid NCH, by replacing 
H by metals; the general formula expressing 
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their compositione are NC.M, fNOoM”, 

(NC),M»«. * 0 . » i > 

Alkali cyanides are formed by the direct 
union of cyanogen with alkali metals, by reac¬ 
tions between HCNAq and alkali oxides, by 
strongly heating nitrogenous organic^ matter 
with alkali carbonate. Many other cyanides 
are obtainable from alkali cyanides by double 
decomposition. 

Alkali and alkaline earth cyanides are soluble 
in water; the other simple cyanides, with tlie 
exception of HgCy^, are insoluble in water, but 
may dissolve in solutions of alkali cyanides with 
production of double cyanides. 

Alkali cyanides are very easily decomposed 
with evolution of HCN, passage of a current of 
air free from CO^ suffices to effect this change. 
Some of the insoluble cyanides are readily de¬ 
composed by dilute acids, e.g. PbCy. and ZnCy.^; 
othera are very stable towards achfs, e.g. cyanides 
of Au, Hg, and Ag. Hot cone. H 2 SO 4 decomposes 
all cyanides, some easily, others slowly; the pro¬ 
ducts are sulphate and HCN or CO and NH,. 
Alkali cyanides are unchanged by lieat alone; 
cyanides of the heavy metals are decomposed by 
heat, generally forming metal and Cy, sometimes 
N is evolved and C deposited on the metal, or a 
carbide of the metal is formed. Water decom¬ 
poses cyanides at high temperatures ( 2 ;j 0 ®- 
800®), giving (NH 4 )jCO, and HCO-.NH^ with 
metallic oxide, or sometimes metal and 
(NH 4 )^C 03 . Chlorine decomposes most cyanides 
generally forming metallic chloride and CyCl. i 
Boiling with water and excess of llgO decom- j 
poses all cyanides, except platino-cyanides, witli : 
formation of HgCy^ and oxide of the metal of | 
the cyanide. ’ 

Many cyanides form double salts, generally ' 
with haloid metallic compounds. 

Very many cyanides combine with other cya¬ 
nides to form doable cyanides. These double 
cyanides are divisible into two classes, according 
as they are, or are net, decomposed by solutions 
of mineral acids with evolution of HCN. Silver 
potassium cyanide, AgKCy^, for instance, reacts 
with dilute HNO,Aq to give AgCy, KNO^, and ; 
HON, and with dilute HClAq it gives AgCI, KCl, ; 
and HCN; potassium ferrocyanide, K,FeCy„, on 
the other hand, reacts with ilClAq to give ferro- 
oyanic acid H^FeCy^. The members of the s^'Cond 
class of double cyanides arb generally regarded 
as metallic derivatives of acids which are tliem- 
selves composed of H united with a metal and | 
the radicle cyanogen, the metal and cyanogen i 
together forming the negative radicle of the acid; I 
thus, ftmocyanic acid H^FeCy^ (better called [ 
ferrocyanhydric acid) forms a series of well- 
marked stable metallic derivatives which are ob¬ 
tainable from the acid by reactions similar to 
those whereby salts are produced from HNO,, 
H,S 04 , H,P 04 , 

Manganocyanic acid {ormanjanocyanhydric 
acid) HfMnCyg, cobaltihyanic acid (or cobalti- 
cyanhydne acid) H,CoCy«, auricyanic acid (or 
auricyanhydrio acid) HAuCy^, plaiincyanic acid 
(or platincyanhydrio acid) H 2 PtCy 4 , and some 
other acids the negative radicles of which are '■ 
composed of metal combined with cyanogen, 
have been isolated. Some of these metallic- 
cyanogen acids form derivatives in which part 
ci the negative radicle is replaced by a negative 


group, e,g. I^.FeCyjNO. A few motalHo-halogeii 
acids are known, more dr less analogous to the 
metallic-cyanogon acids, e.g. H.AUCI 4 , H^HgCl^, 
H 4 .PtClu; but the metallic-cyanogen acids are 
more numerous, and form many more stable 
salts,than themetallic-halogen acids. The nega¬ 
tive character of the radicle CN is well seen in 
the production of the numerous ferrocyanidos, 
manganocyanide'?, platinocyanides, Ac. The affi¬ 
nities of a few metailio-cyanogen acids have been 
dotennined (t?., e.g., p. 333); they seem to be 
very strong acids; on the other hand cyanhydric 
acid N.CH is au oxtromely weak acid (u. Cyan- 
iiYiniic ACID, p. 301); bu^ sulphocyanio acid, 
N.CSH, has a very large affinity (v. Sulpho- 
CYANIC ACID, p. 303). * 

It would be possible, and for some reasons 
advantageous, to divide the metallic cyanides 
into two main classes; class I. would include 
those cyanides wliich are decomposed by dilute 
mineral acids with evolution of HCN, gnd are 
therefore to be regarded as derivatives of HCN, 
and also those which althouj^h not yielding HON 
by reactions with dilute acids must nevertheless, 
on account of their composition and modes of 
prepai ation, be regarded as derived from HCN 
{e.g. IIgCy„); class II. would include those cyan¬ 
ides which xield metallic-cyanogen acids or are 
derivetl from such acids. The first class would 
contain all the simple, and many double, cyan¬ 
ides. Some double cyanides would hardly fall 
into either class; HgCy 4 .‘ 2 KCy for instance re¬ 
acts with solutions of salts of Zn, Cd, Pb, Ac., to 
form salts of the general form HgCyj.MCy.^ 
(M - Zn, Pb, Cd, Ac.), hence IIgCy;,.2KCy seems 
to be the K salt of the hypothetical acid H^HgCy,. 
The motallic-cyanogcn acids which have been 
isolated are H^CrCy,, (salts of HgCrCja are also 
known), H,CoGy„, H,CoCy„, nAiiCy 4 , H,IrCyj, 
H^FeCy^, II,FoCy^, lI,MnC}V ll 40 sCy 4 , salts of 
H 4 ptCy 4 , ILPtCy^Cl^ (or Br,), salts of HjIlhCy,, 
HjRuCya; salts of the hypotheticalH,PdCy« are 
also known, but they react mord" like double 
cyanides. No nickulo- or nickeli-cyanides are 
known corresponding to ]M,CoCy« and M 4 CoCy 4 ; 
Ni double cyanides are easily decomposed by 
dilute acids with evolution of HCy, and are 
therefore to be classed with the less stable double 
cyanides. 

'J’hose cyanides, simple or double, which are 
readily decomposed by dilute acids with form¬ 
ation of HCy are poisonous; the stable salts 
of metallic-cyanogen acids, e.g. K^¥eCy,t are not 
poisonous. 

In this article the cyanides will be described 
in alphabetical order; the descriptions of the 
various compounds will show to which of the 
two main classes of cyanides they belong. 

This artiqlo also includes descriptions of the 
sulpiujcyanidcs and the sdenocyanidea. 

Ski.knocyanidks. These compounds are de¬ 
rived from selenocyanhydric acid HSeCN. The 
acid itself is only known in aqueous solution; it 
is very easily decomposed to HCN and Se; the 
K salt is obtained by dissolving Se in KCNAq. 
(For individual selepocyanides, v. p. 348). 

SuLPHOOYAMiDEs. Metallic derivatwen of 
sulphocyanio (or thiocyanic) acid. Sulphocyanio 
acid almost certainly has the constitution HS.CN; 
the replaceable H of oyanio acid is pro¬ 
in direct union with N. The metallic sol- 
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phocy&nides are not strictly comparable with the 
metallic oyanatos; for this reason ilfseems better 
to use the name sulphooyanides rather than 8ul~ 
(or thio-) cyanatea. Cyanhydrio acid is an 
extremely weak acid, but the affinity of sulpho* 
cyanic acid is nearly equal to that of hydrochloric 
(t). Ostwald’s Lehrbuch der allgemeinen Chemie, 

849). 

The general formulte expressing the compo¬ 
sition of Bulphocyanides are NCS.M, (NCS),M", 
(NCS),Mu*, Ac. These salts are sometimes called 
rliodanides, a name first given to them by Ber¬ 
zelius because of the red colour wliich they give 
with ferric Halts 

Sulphocyanido of K is formed by direct ad¬ 
dition of S to KCN; Na SCN is produced by 
passing CS.. over heated NaNH. (NaMH.-f-CS, 
-NCS.Na + H; 8 ); NH,.SCN may l)e obtained 
by adding to NC1IA(|, or by heating CS, 

with alcoholic NH, (CS^+4N11, 

= NCS^H^-f (NhJ.^S); the sulphocyanides of 
the heavy metals are tisually formed by double 
decomposition fron^lhe alkali sulphocyanides. 

Most sulphocyanides are soluble in water; 
the salts of Cu, Pli, Tig, and Ag are insoluble. 
Dry alkali sulphocyanides may he heated in ab¬ 
sence of air without change; in presence of air 
yOj is evolved and sulphate and cyanate arc 
produced. Sulphocyanides of the heavy metals 
are decomposed by lieat, generally giving S, CS_,, 
metallic sulpliide, and mclloii [q. v. p. 32)1), 
on strongly heating the mcllon yields Cy and N. 
The insoluble sulpliocyntiidos arc completely de¬ 
composed by H_;S. Sulplioeyarudcs of B and bi, 
P(SCy)„ aud SijSCy), respectively, are described 
under PjiOKPiiouoB and Siwcon. 

Many double sulphocyanides 'arc known; 
most of these react as double salts, but some as 
metallic derivatives of acids composed of II 
united with a negative radicle winch is itself 
composed of meful and sulpliocyanogim (SCN). 
For instance chiommlphocnanxc (or clirom- 
sulphocyanfiydric) acid H,Cr(SCN )3 is known in 
aqiuious solution, and many salts of tliis acid 
have been isolated. The acid H.d*t(SCN), is 
also known in aqueous solution. (For individual 
sulphocyanides v. p. 348 et s/'q.) 

Analysu of cyantdea and sulphocyanulcs. 

I. Alkali cyanides are estimated by ppn, 
with AgNOjAq, or by Liebig’s volumetric method 
{v. CyANIIVDRIC A(’ll>). 

II. Many cyaniiles, including the double 
compounds of NCK with CuCyj, NiCyn, and 
ZnCy,, may bo esiimated by heating for some 
time with AgNO^, then adding lINO.,Aq, and 
heating again; the AgCN formed is collected 
and weighed. According to Weilh {Fr. 9, 379) 
K,FeCyu, KjCoCy,,, and Prussian blue, may bo 
wholly decomposed by heating for several hours 
in a closed tube with ammoniacal*AgNO.i,; oxide 
of the heavy metal is ppd. while NH^Cy goes 
into solution; filtering and adding IlNO^Aq ppts. 
AgCy. 

III. Mercuric cyanide may be analysed by 
heating with ammoniacal Zn(N 03 ) 2 , whereby 
ZnCyj is formed {v. Rose a.J?iukener, Fr. 1, 288). 

IV. Many cyanides may be analysed by long 
boiling with HgO and water, filtering and deter¬ 
mining Gy by boiling with ammoniacal Zn(NO,),. 

y. The metal in most cyanides may be deter¬ 
mined by continued heating with oono. H 2 SO 4 , 


vapourising excess of acid, and estimating the 
metal in the remaining sulphate by one of the 
usual methods. 

VI. Soluble sulphocyanides may be analysed 
yolumetncally by means of standard Ag solution 
if. ^ ^ chlorides (Volhard, J5V.1874 
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I Aluminium cyanide. Not isolated. A double 
! Al-Fc cyanide is described by Tissier (J. Ph. 36, 

I 88 ) as obtained by boiling K^FeCygAq with excess 
of an acid solution of a salt of Al; the compo¬ 
sition of the pp. IS approximately 3FeCy,.2Al,.Ch. 

Ammonium cyanide NH,.CN. Formed' by . 
passing Nil, over red-hot coal (Kuhlman, A. 
38, 62 ; Clouet, A. Ch. 11 , 30; Langlois, A. 38, 
j 64); also by passing CO and NH, overheatedPt 
black (K., fr.). Prepared by heating together 
. 3 j)arts dry K.^’oCy, with 2 parts NH,Cl at 100^ 
and leadin;; rtie vapour into a well-cooled re- 
, ceiver (BiiiciUi, A. Ch. 70. 263). Crystallises in 
j cubes; volatilises at c. 30° with dissociation 
[ into IICN I Nil, (Binoaii, Z.c.; Deville a.Troost, 

I C. It. 66, 81U). Vapour 13 inflammable in the 
i air. Very poisonous. Easily decomposes in the 
; air to a brownish mass. Easily soluble in water 
and .alcohol. Berthelot (C. B. 91, 82) gives the 
, following thermal data:— [C, N'-, U‘J = 3,200 
(tormationof solid NH,.CN); [N, CN,H*] •* 40,.'»00 
'(solid NHj.CN); [IICN, NII'J-20,500 (solid 
NII,.CN from gaseous materials); [HCNAq, 

, NH‘Aql = 1,300; [NH'.CN, Aii] =-4,400. 

' Barium cyanide Ba(CN).. Prepared by 
■ hc.atin;- i>a^'’e(CN),,, and extracting with water 
(Schulz, J.pr. 68,257). The hydrate Ba(CN)^.I1^0 
I may bo prepared by bringing HCN gas into con- 
j tact with hydrated BaO (for details v. Joannis, 
A. Ch. [5] 27, 489). It is also formed when air 
is passed over a red-hot mixture of BaO and C 
(Margucrittc a. Sourdeval, C. It. 60,1100). Crys 
talline; quickly absorbs COj from air; si. sol. in 
water; lieated to 300° in steam evolves NH,, 
When HCN is passed into BaO in CH,.OH, a 
crystalline powder is formed of the composition 
Ba.CN.OCH 3 CII,.011, and when this is sfrougly 
heated banum oxyciiaiiide BaCy^-BaO is formed 
(Drcchsel a. Kruger, J. pr. [2J 21, 77). Joannis 
(f.c.) gives the following thermal data:— 
[BaOAq, 2HCNAq] « 6,340; [BaCy^ Aq]«1,780. 
Woselsky {Z. [2J 7,61) prepares various double 
cyanides oontaiming barium oyanideby 
passing HCy gas into a mixture of BaCO, with 
a salt of the oth*-‘r metal; e.g. using PtCl^Aq 
and BaCOj, the double cyanide BaCy,.PtCy, is 
obtained. The following double cyanides were 
produced: [M - UaCy.J 2 M. 3 CdCy 3 . 10 HjO ; 

M.Cu 3 Cy..H.O; M.NiCy 3 . 3 Hp; M.PdCy,.4HLO; 
M.2AgCy.H;0; M.ZnCy 3 . 2 H 30 . 

Cadmium cyanide CdCy;. Obtained by dis¬ 
solving freshly ppd. CdO-M-^O in BCyAq, filter¬ 
ing from oxycyaiiide, and crystallising (Ram- 
melsberg, P.*38, 364). Small white crystals; 
unchanged in air; deisomposes above 200 '^ in 
air. S. c. 1*7 in cold water, H.F. [Cd, Cy*, Aq] 
,=.33,960; [CdO^H^ 2HCyAq]=.23,700 (TA. 3, 
474). 

Cadmium oxycyanidc. By digesting CdO.M,0 
in liCyAq: the residue insol. in the acid is said 
to liave the composition Cd0y(.0dO.6H,O 
(Joannis, 0. B. 93, 271). 

Double cyanides containing o&d- 
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mium oyaniae. The aaltCdCy,.SKCyi8 pro- 
dooed by adding KOyAq to solution of Od ace¬ 
tate, evaporating, and crystallising. White oc- 
tahedra; v. sol. water; unchanged in air at 
c. 200^ H.F. [Cd, Cy». 2KCyAq] » 44,750; 
tOdCy*Aq,2KCyAq]« 10,790(rh.3,474J. Solu- 
tion gives ppa. with various metallic &lts, e.g. 
with solution of salts of Ca, Ba, Cu, lln, Sr, Zn 
(Bammelsberg, P. 38, 364). The double salt 
2 CdCy^Cu 30 ya is said to be formed by dissolving 
Gd02H3 along with CuCOg in HCyAq, and evapo¬ 
rating (Schuler, A. 87, 48). By dissolving 
CdOjH, and CuOjHg in HCyAq and allowing 
the liquid to evaporate in the air, the salt 
2CdCy2.CuCy2 is obtained (Schuler, lx.). Various 
other double salts are described by Schuler {lx.). 

Calcium cyanide Ca(CN) 2 . By heating 
Ca^FeOy^ ISchulz, J. lyr. 68,2.)7). A solution of 
CaCy, is obtained by adding HCyAq to CaCO^; 
the solution soon decomposes; if cone., crystals 
of an oxycyanide separate, 3CaO.CaCy„,15H..O 
(Joannis, C. B. 92, 1838, 1417). * H.F. 
[CaOAq.2HCyAq] - 6,440; [Ca.CySAq] = 115,340 
(Joannis, A. Ch. [6] 27, 489). 

Cerium cyanide, not isolated. KCyAq added 
to salts of Ce ppts. a white solid which at once 
decomposes with evolution of HON, leaving Ce 
oxide (Beringer, A. 42, 139). 

Chromium cyanides. Simple cyanides have 
not been isolated; the pps. obtained by adding 
KCyAq to CrCl^Aq and CrCljAq soon decom¬ 
pose. 

Potassium chromocyanide K^CrCyj. 
CrCO, (obtained by adding K^COsAq to CrCl^Aq 
saturated with COj, air being excluded) is mixed 
with KCyAq until the solid has partially dis¬ 
solved, the yellow liquid is filtered and evapo¬ 
rated (Moissan, A. Ch. [6] 4,136). Longycllow 
needles; S.G. 1-71; 8. (20'’) 32-33; insol. alco- , 
hoi, ether, benzene, and chloroform. Unchanged j 
in air at ordinary temperature. Non-poisonons. | 
Aqueous solution partially decomposed on boil- I 
ing. Oxidising agents form chromicyanide, j 
EgCrCy^; with FeS 04 Aq gives red colouration, \ 
Tu-bn? of the salt in a solution may bo thus ■ 
detected (Moissan, f.c.). Gives pps. with metallic 
salts {v. also Christensen, J.pr. [2] 31,163). ' 

Potassium chromicyanidc K^CrCyc. . 
Prepared bv oxidising K^CrCy^; or by healing 
KCyAq with Cr alum, or Vith Cr-K c!il</ridc, 
or by dissolving freshly ppd. CroOJI,. in acetic 
acid, evaporating to dryness, dissolving in water, 
and adding the liquid to hot KCyAq (Kaiser, A. 
Stipplbd. 8,163; Stridaberg, J. 1864. 304; Des¬ 
camps, A. Ch. [5] 24, 178; Christensen, J. 2)r. , 
[2] 31, 163). Yellow monoclinic crystals; sol. | 
water, insol. absolute alcohol; easily decomposed ' 
by dilute acids. Gives pps. with most metallic 
salts (v. Christensen, J. pr. [2] 23, 52). 

Ammonium chromicyanidc 
(NH 4 ),CrCyg (Kaiser, A. Supplba. 3,163). 

Chromocyanhy^ic acid'RfixC,y^(chro- 
mocyanic acid). Small white crystals, obtained 
by decomposing the E salt by dilute HjSOfAq; 
sol. water, solution rapidly decomposes in air 
(Moissan, A. Ch. [6] 4.136). 

According to Descamps {A. Ch. [5] 24,178) 
salts analogous to nitroprussides {q. v. p. 340) 
are produced by passing NO into ohromocyan- 
ides. 


Cobalt ^yanides. One simple oynnida, 
CoGja, is known; two series of salts derived 
from cobalto-oyanhydrio acid and cobalti-cyan. 
hydrio acid have been prepared; the oobalto- 
cyanides are very unstable, while the cobalii- 
cyanides are stable salts. 

Cohaltous cyanide Co(CN)j. Bufloo- 
; loured pp. by adding KCy to Co salts, or HCNAq 
to Co acetate (Wdhler, Qelilen*s Joum, 6 , 234). 
The pp. contains 2 H 2 O which it does not lose 
; till c. 280° (Zwengor, A. 62, 167). Dissolves in 
KCyAq to form K,CoCya, which quickly changes 
to KjCoCy^. 

Cohaltocyanhydrif acid H^CoCy^ {Co- 
haltocyanic acid). Very unstable pp. obtained 
by decomposing Pb cobalt5cyanido by il^S, fil- 
' tering, and adding alcohol (Descamps, Bl. 12] 

, 31, 49). 

I Potassium cobaltocyanide K,CoCy,. 
i Amethyst-coloured, deliquescent needles; ob- 
i lainod by adding aloohal to a cold solution of 
I CoCy .2 in a slight excess of ^no. KCyAq. Very 
; unstable: easily changes xo KjCoCya. Ii^sol. 
alcohol and ether. Solution gives pps. with many 
metallic salts; these are probably cobaltooyan- 
idos (Descamps, Z.c.). According to Descamps 
(^. Ch. [5j 24, 178) salts analogous to the nitro 
. inussides {q. v. p. 340) are obtained by passing 
' NO into cobaltocyanides. 

Cobalticyanhydric acid 
{Cobalticyanic acid). Obtained by evaporating 
the K salt in solution with cone. HjSO,, and ex¬ 
tracting the residue with alcohol (Zwenger, A. 
62, 167); or by decomposing the Cu salt by 
li^S. Colourless needles; v. e. sol. in water 
and alcohol; insol. dry ether. Very acid taste. 

I Not decomposed by heating with cone. HClAq 
’ or HNO^Aq, but slowly by hot cone. H 2 S 04 , 
giving sulphates of NH 4 and Co, and evolving 
. 80 . 2 , CO, and CO^. 

I Potassium cohalticyanidc K.CoCy^ 
Obtained by dissolving CoCy, or Co^Pa in KCyAq, 
evaporating, and crystallising (Zwenger, A. 62, 
157). KCy and KgCOa be removed by de¬ 
composing by acetic acid and ppg. by alcohoL 
Slightly yellow, transparent, rhombic crystals; 
isoniorphous with K,I’’eCy,i. 1 * 1 . sol. water, insol. 
alcohol. S.G. 1*906. Decomposed by strong 
aci<ls with separation of cobalticyanhydric acid 
ILiCoCy,; not decomposed at ordinary tempera¬ 
tures by HCIAq or HNO,Aq. Eeduced by Ba- 
amalgam to K 4 CoCya. 

Cobalticyanides. Besides the K salt the 
following have been isolated (X = CoCyJ :— 

(NH 4 )aX.H ._.0 (Zwenger, A. 62,157). 
fN(Cn 3 ) 4 ],X (Claua a. Merck, B. 16, 2737), 
Ba.2X.22H.O (Z., l.c .); ; 

BaK.X.llHjO; BaLifX.lSH^O; Ba,2X.BaOA; 

Ba 42 X.BaCljJ 6^.0 (Weselsky, J3. 2, 688 ). 
CaNH,.X. 10 H. 2 O;‘ CaK.X.QH^O (W.,Z.c.). 
CrX.SNHj.llHjO (Christensen, J. pr. [2] 23, 
52); CrX.CNH, (Braun, A. 126,163, 197). 
CO 32 X.I 4 H 2 O (Z., Ic.) ; Co.X.6NH,.im„0 (Gibbs 
a. Genth, A. 104,160, 295; Braun, Ic.) ; 
CoX. 6 NH,JH .20 (G. a. Q.,U). Cu,2X.7H„0; 
Cu 32 X. 4 Nfi,. 10 H,Or(Z.,f.c.). Pb,2X.7H,0 (Z., 
Ic.) ; Pb,2X.6Pb0.8H,0 (Z., l.c.) ; 
Pb,2X.3Pb02H^llH,0; Pb,2X.Pb(N0,)~12H,0; 
PbKX.3H,0; Pb(NH4)X.3H,0 (Schuler, W. A. B. 
1879 [n]. 802); Ni,2X.12HjO; 

Ni,2X.4Hj0.7Ha0 (Z., U.). Na,X.2H«0(Z.,U); 
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Nb(NH 4 ).X (WeselbUy, B. 2,686). ; 

Ag,.X NH,.p[,0 (Z., IxX Sr32X.20H,O; 
SriNHJXlOHjO; SrKX.OH.O (W.J.c.). Tl^X 
(Fron-Mullw* 11, 91). YX.2HjO {Cloeve a. 
Htfigland, BI. [2] 18,197). 

A fairly general method of preparing cobalti- 
cyanides consists in first preparing the barium 
salt Bas(CoCyj),.a;HoO, decomposing a solution 
of this by the sulphates of other metals, filter* 
ing, and crystallising; the Ba salt is most easily 
produced by passing HCy gas into a mixture of 
CoSO< and BaCO,, filtering, and crystallising 
(Weseisky, W. A. IS. 201}. Cobalticyanides 
containing two metals, e.g. (NlI,)Na.CoCy„, 
BaK.CoCya, are obtajnod by mixing solutions 
of the cobalticyanides, evapoiatmg, and crystal¬ 
lising; these salts generally crystallise well 
(Weseisky, l.c.). Cohaltous cobalticyanide 
Co3(CoCy,)2.14H.^O corresponds in composition 
to ferrous ferricyanide Fe,(b’cCyg )3 {q. v. p. 338) 
or Turn9idVs blue ; it is a pale red amorphous 
solid ; obtained eitho# by adding KjCoCy^Aq to 
CoSO,Aq and washing thorouglily with water, or 
by heating HjCoCy,, with cone. H^SO^, and add¬ 
ing water before decomposition is complete. 
This salt loses part of its water at 100*^, and 
turns blue. It is insol. water; decomposed by 
KOHAq with separation of CoO.xlLO. Dry 
COj(CoCy,) 2 is blue; it combines with water with 
production of much heat (Zwcngler, A. 62, 172). 

Copper cyanides. Three cyanides of Cu arc 
known, cuprous cyanide, cupric cyanide, and 
cupro-ouprio cyanide; the first-named is the 
most stable; double compounds of each, espe¬ 
cially with NHa, have been isolated. 

Cuprous cyanide Cu-^Cyg. Formed by 
adding KCyAq to Cn .Cl.^ dissolved in IIClAq, or 
to CiiSO,Aq rednci'd by SO.,; also by the action 
of HCNAq on freshly ppd. Cu(OH) , {Uammels- 
berg, P. 42, 131; 85, 145). Prepared, as sinall 
lustrous monoclinio crystals, by decomposing 
Cu. 3 Cy.j.PbCy.ji 8 nspendcd in water by ILS, filter¬ 
ing, and allowing the filtrate (which probably 
contains HjCUjCy,) to evaporate (Dauber, A. 74, 
206; Wdbler, A.78, 370); the salt CuXyj.PbCyj 
is obtained by adding a Pb salt to the solution of 
Cu,.Cy 2 .KCy, foimed by dissolving Cu(OH). in 
KCyAq. Insol. water; sol. HClAq, Nll,Aq. imd 
Bolutions of NH, salts (Pagonsti'cher, N. J. T. [3] 
1, 451); ppd. by H.O from solution in llClAq ; 
decomposed by cone. HN().,Aq. not by dilute 
H.jSO^Aq. Dissolves in alkali cyanides to foini 
double salts, from which it is ppd. by ilClAq. 


Double cyanides containing cuprous 
cyanide (sometimes calledcuprosocyann/es):— 
1. With NH,CN, forming moiioclinic prisms, 
insol. H^O—Cu^Cyj.NIIjCy (Lallcmand, C. li. 
60, 1142); Cu 2 Cy.,. 2 NH?Cy (Dufau, C. li. 
36, 1099).—2. With KCN—Cu..€y...KCN.lLO 
(Schiff a. Becohi, A. 138, 24); Cu.C^.-'-iKCN; 
Cu,Cyj. 6 KCN (Kammelsberg, P. 42,114; 106, 
491); 3 Cu 2 Cy 2 . 4 KCN (Ilammclsberg, P. 73,117). 
Tlie salt CU 2 Cy 2 .KCN.H 2 O is insol. in HjO, the 
others are soluble; the soluble salts give pps. 


with salts of the heavy metals; e.g. with salts 
of Fo, Pb, Mn. The pps. tltos obtained may be 
regarded as cuprosocyanides of iron, &c. Many 
of the double cyanides containing CUjCyj are 
sometimes called cuprosocyanides, and are re¬ 
garded as salts of the hypothetical cuprosocyan- 
hydrio acid H 2 €u 2 Cy 4 : e.g, Cu 2 Cya. 2 NH 4 Cy is 


often formulated as (Nn 4 ). 2 Cu 2 Cy 4 , and is called 
amnuMtum cuprosocyani^. The chief objection 
to this viev/is that the so-called cuprosocyanides 
are easily decomposed by dilute acids with pre¬ 
cipitation of Cu-^Cy-j and evolution of HCy; hence 
it seems better to class them with the double 
cyanides (e.g. of Ni) than with the salts of acids 
the negative radicles of which are composed of 
metal and cyanogen.—3. With other cyanides-— 
Cu2Cy.2.BaCy.2.H.20 (Meillet, J. Ph. [8] 8, 413; 
Weseisky, B. 2, 588); Cu2Cy2.2CdCy2 (Schuler, 
A. 87, 46); compounds with NaCN also exist, 
but their composition has not been accurately 
determined (r. Meillet, J. Ph. [3] 3, 413). 

Cupric cyanide CuCyj. This is probably 
the composition of the yellow pp. obtained by 
adding KCyAq to solutions of Cu salts; very un¬ 
stable, decomposing at ordinary temperatures to 
Cy and Cu. 2 Cyo.^aCy 2 (Itanimelsberg, P. 42,131; 
85,145 ; Lallemand, C. li. 58, 750). 

The double cyanide CuCy 2 .‘icdCy 2 is de* 
scribed by Schiiler {A. 87, 46). 

Gupro-cupric cyanide 
CuCys.CUjCy.j.SHjO. Obtained by adding KCyAq 
to a Cusalt solution and allowing the pp. to re¬ 
main exposed to tho air, or by adding a solution 
of one of the K cuprous cyanides to a Cu salt 
(Hadow, C. J. 13, 106). Green lustrous crys¬ 
tals, decoin])osing at 100"^ to CihCya with evolu¬ 
tion of HoO and Cy. Acids evolve HCy, ppg. 
CUjCy.^, and leaving a cupric salt in solution. 
The fact that this salt may be obtained by add¬ 
ing 2KC.y.Cii Cy^lK^Cu^CyJ to solution of a Cu 
salt suggests that CuCy^.Cu.Cyj may be the 
cupric salt of the hypothetical cuprosocyan- 
hydric acid ILCu.^Cy^; if this view is adopted 
tho salt in question would bo formulated as 
Cn.CuoCy^ and called cupric cuprosocyantde. 

Tlie cjtnpounds CuCy 2 .Cu.Cy 2 .H 2 O and 
CuGy,.2Cu,Cy,..IT,0 have been described (Dufau, 
C. P.'36, ibOl)'; Lallcmand, 0. Jl. 58, 750). 

Double compounds of cupro-cupric 
cyanide with aiunioni*. The following 
have boon isolated (X - CuCy.,.Cu,^Cy..):— 
X.2NTJ,.H.O; X.INH,; X.GNH, (Dufau, C. R. 
36,1099). X.3NJ1, (Mills, if. 1862. 545). Also 
I CuCy,.2Cii,Cy,,.lNlJ,.2H,0 (Hilkenkamp, A. 97, 

I 218). These auimomacal compounds are some- 
i times look; d on as sails of the hypothetical 
! cupiosocyanhydric acid ILCu-By^; they are sup- 
' posed to be oblainod*l)y replacing H by complex 
radicles containing Cu derived from icNH,. On 
this view the compounds in question may be 
I'orimiialed and named as follows:— 
(N.H,,Cu).Cu 2 Cy 4 , cuprodiammonio-cupiosocyan* 
idc i - CaCy...Cu ,Cy ,.2NHj). 

(N JI,(Nll 4 )^Cu).Cn.,Cy 4 , cuprotetranmonio-CU’^ 
pui.sonianide (= CuGy 2 .CU 2 Cy 2 . 4 NH 3 ). 
(N 2 H 2 (NH,) 3 Cu).Cu 2 Cy 4 , cuprohc.iammonio-cu- 
prosocyamde CuCy-CiKCyM.GNHs). 

Gold cyanides. Aurous cyanide AnCy, and 
sovernl*donblo cyanides of AuCy are known; 
also aurioyanhydrio acicflXAuCy^ and its salts. 

A urous cyanide AuCy. Prepared by eva- 
pftrating AuCy.KCy with HClAq, and washing 
the residue with water; AuCy.KCy is obtained 
by dissolving finely divided Au or AU 2 O in KOyAq. 
AnCy is also obtained by heating AU 2 OUDH 2 O 
with HCNAq (Himly, A. 42,167, 337). Citron- 
yellow crystalline powder; insol. water, alcohol, 
or etiior. Heated it gives Au and Oy. Not 
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acted on by hot HClAq, ENO,Aq, or H^SO^Aq; 
slowly decomposed by aqua regia; not acted on 
by HjS; sol. (NHJjSjAq, from which solution 
acids ppt, Au,S. Decomposed by hot KOHAq 
to Au and a solution of AuCy.KCy. Sol. hot 
NH-A^q, and in alkali thiosulphates. , 

Double cyanides containing aurous 
< cyanide: AuCy.KCy; obtained by dissolving 
AuCy, AujO, or finely divided Au, in KCyAq, and 
evaporating {Himly, A. 42,157, 337 ; Dagration, 
J, pr. 31, 367 ; Eisner, J. pr. 37, 333). Colour¬ 
less, transparent, rhombio octahedra. E. sol. 
water, si. sol. alcohol, insol. ether (Glassford a. 
Napier, P. M. [3] 25, 71). Decomposed by 
warming with acids, giving pp. of AuCy. Iodine 
dissolves in AuCy.KCyAq, when excc=s of I is 
added and the liquid cooled dark brownish violet 
crystals separate of AuCy.KCy.Ij; analogous 
compounds are obtained by adding excess of Dr 
or Cl to AuCy.KCyAq. These compounds may 
be regarded as K salts of the hypothetical io'lo-, 
bronio-, and chloro - auricyunliydric acids 
HAuCy^Xj (X = I, Br. or Cl) {v. Lindbom, B. 10, 
1725 ; Blomstrand, J. pr, [2] 3, 213). The fol¬ 
lowing double cyanides are also known; most of 
them combine with I.., Br^, and Cl...; AuCy.NH.Cy 
(Hindy, A. 42,157,337 ; Lindbom, B. 10,1725) 
2AuCy.BaCy...2H.,0 ; 2AuCy.CuCy,.311.0 

2 AuCy.CdCy 2 ; 2AuCy.CoCy;.; AuCy.NaCy 
2 AuCy.SrCy 2 . 3 E^O; 2AuCy.ZnCy... (Lindbom, B. 
10,1725). A number of otlicr double cyanides of 
Au are described by Lindbom {Bl. [2] 20, 111)). 

Auricyanhydric acid HAuCy,..}ILO. 
Large white tablets; obtained by ppg. KAuCy, 
by AgNOsAq» ft^d decomposing the pp. by It'-.s 
than an equivalent quantity of cold I1C1A(|. Sol. 
water, alcohol, and ether. Melts at 50 ', decom¬ 
posing at a higlier temperature to AuCy and 
HCy, and then to Au and Cy. Solution gives 
AuCy on heating (o. Lindbom, B. 10, 1725). 

Auricyanides (Htmly, A. 42, 157, 337; 
Lindbom, f.c.). NH 4 .AuCyj.lljO. KAuCyj.ljH.O; 
formed by adding perfectly neutral AuClaAq to 
warm cone. KCyAq; colourless tablets, v. sol. hot 
water, insol. absolute alcohol: lo'^e.s all H.O at 
200 °, and at the same tnne tkcomposos to 
AuCy.KCy and Cy. AgAiiCy,; yellow pp. formed 
by adding AgNOjAq to KAuCyjAq ; insol. 
HNOAq; sol. NH,Aq, Co{AuCy 4 ),. 

Indium cyanide. Pp. obtained by adding 
KCyAq to an In salt solution; sol. exci .ss of 
KCyAq; on evaporating this liquid all In is 
ppd. as hydroxide (Meyer, J. 1808. 244). 

Iridium cyanides. The cyanide IrCy^ is 
known; also iridium cyanhydric acid HjIrCy« and 
its salts {v. Martius, A. 117, 357; Claus, J. 
1855. 444; Wohler a. Booth, P. 31, IGl ; Itam- 
melsberg, P. 42,140). 

Iridium cyanide IrCy,. Green powder, 
obtained by decomposing HjIrCy^Aq by HClAq. 

Iridium cyanhydric B,cid IljIrCy,. 
Obtained by decomposacg the Ba salt ( 7 . v.) by 
H,SO|Aq, filtering and adding ether. Crystal¬ 
lises from ether in white crystalline crust ;«e. 
sol. alcohol and water. Decomposes at 300°, 
evolving HCN. Decomposed by HClAq giving 
pp. of IrCy,. 

Iridicyanidee KJrCy-; obtained by fusing 
I 1 CI 4 . 2 NH 4 CI with pts. KOy for 10-16 min., 
treating fused mass with water, filtering, and 


orystallisilrg. Very stable salt; orystallises ia 
orthorhombic prisms; insol. alcohol (W. a. B.). 

Ba,(IrCy«).j.l8HjO; obtained by fusing 
IrCl 4 . 2 NH 401 with pts. KCy; allowing to 000 ^ 
dissolving in water, adding HClAq, ppg. by addi¬ 
tion of GuSOjAq, washing pp. and digesting it 
with excess of BaOjHj, passing CO^ through the 
liquid, filtering and crystallising; the first crop 
of crystals generally contains Baplatinooyanide, 
the second orop is free from this salt. Crystal¬ 
lises in prisms, which eflloresoe in air, losing 
12H.jO; very stable salt. 

A solution of HjIrCy^^ives pps. with salts of 
many heavy metals. 

Iron cyanides. No siipple cyanide of Fe has 
been isolated with certainty. Addition of 
KCyAq to solution of a ferrous salt produces a 
yellow-red to brown-red pp., which ia pro¬ 
bably FeCy.,, but always contains K (Fresenius, 
A. 100, 210); wlicn the ferrous salt is in slight 
excess the composition of tlie pp. api^oximates 
I to KFeCys (Studeler, lo^, 1). KCyAq added to 
) solution of a ferric salt ppts. Fe^O^H, (Haidlen 
j a. Fresonius, A. 42,130). If iron cyanides exist 
they are very unstable. Very many compound 
cyanides of iron with other metals have been 
prepared; these belong to the class of stable 
compound cyanides wliich are not resolved by 
acids into their constituent cyanides ; as a rule 
their reactions are similar to tlioso of ordinary 
salts, c.g. cf. the reaction of KjFeCy^Aq with 
GuSOjAq, giving CuFoCy^ and KjSOjAq, with 
tiiat of BaClAq and Na-jSOjAq, giving BaSOj 
and NaCIAq. The compound cyanides of iron 
are generally more stable tliau their constituent 
cyanides. This is shown, among other ways, by 
looking at the thermal changes which accompany 
the production of these double cyanides. Thus, 
the heat of formation of solid K,FeCy, from 
4K + Fe + GCy is c. 307,000 (Berthelot, C. B. 01, 
82), the heat of formation of 4KCy (solid) from 
4K -I- 4Cy is c. 270,000. ^Ve have /hen 
[K*,Fe,Cy'‘] = 307,000 
[K^ Cy*J=^ 270,0 00 
hence [4KCy, Fe, Cy^ = 07,000 
Now tlie lieat of formation of a ferrous salt is 
generally somewhat less than that of the corre- 
1 spending 7.n salt; but [Zn, Cy'''] = c. 63,000 (solid 
ZiiCy,), therefore we may provisionally conclude 
tluit [I'e, Cy^ = c. 50,000. 

Now if [4KCy, Fe, Cy'^J = 97,000 and [Fe, Cf] 
50,000, it follows that [4KCy, FeCy'-'J 
= 47,000: tliat is the combination of 4KCy with 
FeCy^to produce KjFeCyj is accompanied by the 
production of a quantity of heat roughly equal 
to 47,000 gram-units. This quantity of heat is 
much larger than that generally produced in the 
formation double salts; e.g. [KCy, AgCy] 
-11,200. [HgCyAq, 2KCyAq] = 12,000, [HgL, 
2KI1 = 3,000, [ZnSO', K^SO‘]»4,000, Hence on 
the thermal evidence alone we might provision¬ 
ally conclude that EjFeCya does not belong to 
the class of double salts. 

In considering the compound cyanides of 
iron, it is advantageous to begin with the two 
typical salts, potassium ferrocyanide EjFeCyg 
and potassium ferrioyanide K,FeCy«. E^eCy« 
is produced by the action of oxidisers on KjFeOy^* 
and reducing agents change EsFeCy^to E^FeC^r 
To each of these salts there corresponds an Mii 
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H^FeOy, and H,FeOya respectivejy. These 
ftoids hftve been isolated, and from each has 
been obtained a great many salts and double 
salts. Some of these salts form derivativos, e.< 7 . 
the nitrovrnssi(lc.s ; and finally there are a few 
compound iron cyanides not belonging to either 
of the two main classes. 

We shall consider first fcrrocyanhydric acid 
H,FoCyj, and its salts, the fcrrocyanidcs; then 
ftrricyanhydrie acid, H.FoCyfl, and its salts, the 
ferricyanidcs ; then the nitroprussides ; and 
finally the perferrocyanides. 

TJie ferro- and fojri* cyanides are described 
in alphabetical order; double salts are also 
described in alphabetical order, thus barium 
potassium ferrocyanide is described under barium 
iorrocyanides, but strontium-potassium ferro- 
oyanide under potassium fcirocyanides. 

Fkiirocyanhydiiio acid ani» Fkkiiocyanideb. 

Ferrocyanhydricaci(lli^¥eCy,^. {Fen-o- 
cyanic (Aid, Hydroferrocyanicacid. Fe/ropnissic 
acid. Hydrogen fe^ocyanide.) Discovered by 
Porret in 1814 (2’. 1814. r>27). 

Fonnation. —1. Ba^FeCyB is decomposed by an 
equivalent of H^S 04 Aq (Porret, Cu FeCy^ 

or PbjFeCya is decomposed by HjS (Berzelius, S. 
HO, 44).—3. Prussian blue is decomposed by cone. 
llClAq, the solution is scpaiatcd from FoPj, and 
evaporated (Robiquet). 

Preparcktion. -Xo a cold cono. aqueous solu¬ 
tion of K^FeCyfi, which has been boiled to expel 
air, is added a slight excess of cold cone, air-freo 
ilClAq ; ether is then added, wliereby from 96 
to 100 p.c. of the HjFeCyrt pro<luced is ppd.; the 
pp. is washed with HClAq and then with ether; 
it may be recrystallised by dissolving in alcohol 
and adding ether; all operations should be con¬ 
ducted as fur as possible in absence of O (Pos- 
selt, A. 42, 163; v. also Liebig, A. 87, 127; 
Dolfus, A. 65, 221). 

Properties and Pi<'actions.—White crystalline 
powder; beqpnioa blue in moist mr, with evolu¬ 
tion of HCN and production of Prussian blue, 
Fc,Cy„ (lleimann a. Carius, A. 113, 30). Un¬ 
changed in sunlight in an atmosphere of H. 
Soluble in water; solution is strongly acid to 
litmus; it decomposes carbonate.i, acetates, tar¬ 
trates, and oxalates. H,FoCy„ is a strong aciil; 
relative affinity not very much less than tliat of 
IICl (u. Ostwald’s Lelirbucli, 2, H.'il). When 
boiled with water is decomposed to IICN and 
white FelL(FoOyJ (B. a. C., f.c.). Berthelot 
((7. J?. 91, 82) gives Jf.F. of tlio acid in soUilion 
as [H‘,re,4CN,AiiJ - 107,200; and the lu'at of 
neutralisation (C. 2i. 78, 108.5) as fII'Fc(l> Aq, 
4KOHAq] = 54,000. Fcrrocyanhydric aei<l is 
tetrabasio, forming salts M'^FeCy^, M",FnCya, 
M»MJj.FeCy„, .fee. • 

Ferrocyanidcs {Fnroimisiiatcs). Salts 
of ferrocyanhydiic acid II^FcCy,,. These salts 
are not to be regarded as double cyanides; v, 
remarks supra. Many ferrocyanidcs are co¬ 
loured; the production of one of those salts by 
adding K^FeCy, to a metallio salt solution is 
often used as a test for different metals. The 
soluble alkali ferrocyanide# are not poisonous. 
Those ferrocyanides which are completely dehy¬ 
drated by heat without decomposition are decom¬ 
posed at higher temperatures into N andFe car¬ 
bide, and either a cyanide of the other metal, 
fi.g. or N and metallic curbida, e.g. 


PbFeCy,, or Cy and motal, e.g. Ag.FoCy,. Tliose 
ferrocyanides which cannot be completely dehy¬ 
drated without decomposition are resolved at a 
high tempovature into IICN, COj.NH,, andeithot 
a mixture or compound of each of the metals 
with C. ^When aqueous solutions of the alkali 
forrocyanides are electrolysed alkali separates at 
the iicgiitiyo pole, and IICN and Prussian blue 
at the positive pole; if the positive pole is Cu, 
CuCy^j is fomieil. Heated with cono. Il^SO* fer- 
rocyanides give SO., CO, CO^, and N, and form 
sulphates of Nil,, Fe, and the other metal of the 
original salt. Some ferrocyanides are decom¬ 
posed by U-jS giving motallic sulphides and fer- 
rocyanhydric a<ud, e.g. PbFeCyg. Ferrocyanides 
of heavy metals are gonerally decomposed by 
aqueous alkali, giving alkali ferrocyanides and a 
pp. of the hydrated oxide of the heavy metal. 

Aluminium ferrocyanide 
Al 4 (FeCyj) 3 .xif^O (Wyrubow, A. C/t. [5] 8, 444; 
Tissicr, G. R. 45, 232). By mixing cono. solu¬ 
tions of alum and K^FeCyn; many reactions have 
been tried to give an A1 salt, but there is doubt 
as to the isolation of a definite salt. 

Am7no7ii7im ferrocyanide 
(NH,) ,FeCy,..6Hi,0. Produced by action of NH,Aq 
on Prussian blue (Schocle), or by adding 
(NII,).^CO, to Pb^FeCy„ (Berzelius). Best pre¬ 
pared by neutralising HjFeCy^Aq by NHjAq.and 
adding alcohol (Bette, A. 23, 120; v. also Bun¬ 
sen, P. 36, 404). White crystals, isomorplious 
with KiFeCy,; sol. in water, insol. in alcohol. 

Double salts (NII.),FeCyg. 2 NH 4 C 1 . 3 H, 0 , 
and (NH 4 ) ,FeCy„. 2 NH 4 Br. 3 n 30 ; obtained by mix¬ 
ing solutions of the constituent salts and cooling 
(Bunsen, P. 36, 404; Himly a. Bunsen,P.38, 
208; crystalline forms are given). 

Double ferrocyanides of ammonium 
(NIl 4 ),Cu.FeCy, (Schulz, J. pr. 68 , 257). 
(NHjjLuFcCy,,..311,0 (Wyrubow, A.Ch.[i] 21, 
271). (NH,)K,.FeCy„. 3 Jl 30 ; oblainr^d by acting 
on K,FeCy,,A(i lu presence of Nil, by lactose or 
glucose until the solution is yellow, and then 
adding alcohol (Roindel, J. pr. 65, 450). 
(NH,) d{j.FcCy„.3Hp; by decomposing 
llaK^.FeCy,. (i>. Barium ferrocyanide) by 
(NH,)^SO,Aij, or by treating FeK^.FeCyg with 
NHjA(i (Uoiiidol, J. pr. 76, 342; 100,6; Play¬ 
fair, tl. pr. (>9, 287). 

Aiitimony ferrocyanide 
Sb,(FeCyJ,.25il,() ^Atloibcrg, Bl. [2J 24, 355). 
Yellow pp. by adding SbCl, to KiFeCy^Aq. 

Barium ferrocyanide Ba^P’eCy^.OH^O 
(Berzelius, Lefiib. 4, 400 f4t!i ed.] ; Wyrubow, 
A. Ch. [4] 16, 286). Foimed bypassing air over 
a heated mixturo of C and BaCO„ and then act¬ 
ing with FeSO,; by boiling Prussian blue with 
BaOAq, filtering, ami crystallising by cooling; 
or by boiling KJ‘'oOy„Aq with an equivalent 
quantity of BaCh, filtering, and cooling. Yellow 
monoclmio prisms; sol. in 1,000 parts water at 
16°, and in KtO parts at 75°. 

Double ferrocyanides of barium 
BaK 3 .FeOy,,. 3 H ,0 (Bunsen, P. 36, 404; Iteindel, 
iT. pr. 76, 342 ; Mosander, P.25, 390 ; Dufios, S. 
65, 233). Crystallises with 5 H 3 O according to 
Wyrubow (.4. Gh. [4] 21, 271). By mixing cone, 
solutions of BaCl, and K,FeCly„ the latter in ex¬ 
cess. Reacts with soluble sulphates giving 
BaSOf and double ferrocyanides of the form 
M^'K^.I-'cCy, (Rcindel, 
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Beryllium ferroeyanide 
Be,FeCy,.4BeO,H,.7HsO (Atteiborg, JBl. [2] 19, 
*^1} Ml Toozynsky, Z. 1871.270). By the notion 
ol Be80,Aq on Pb J'eCy, in presence of NH,. 

Bismuth ferroeyanides. Bi,(PoCyJj; al- 
most*colourles8 salt obtained by addins solution 
of Bi3NO, in smallest excess of air-free HNOjAq 
to air-free K^PeCy,,Aq, in cooled dask, washing 
with air-free water in atmosphere of CO, and 
drying over HjSO, in vacuo (Vattison Muir, C. J. 
[2] 16,661; 17,40). Salt soon decomposes when 
moist, giving off HCN and forin ,ng i’russuin blue. 
Decomposed by Cl or Br in prosenco of alkali. 
Changed by Cl or dilute HNO.Aq in the cold to 
ferrioyanide Bi,(FeCyj),. Wyrubow {A. Ch. [5] 
8, 444) says that Bi.Jl’eCyg.SHjO is produced by 
notion ol BiSNO, with H.FeCy,; but the" data 
are meagre. 

Double ferroeyanide of bismuth. Ac¬ 
cording to Wyrubow (i.c.) addiCion of K,FoCv, 
to Bi(NO,), in HNOjAq ppts. BiK.FoCy„.411,6; 
the existence of this salt wants confinnution. 

Cadmium ferroeyanides. None iso¬ 
lated. 

Double ferroeyanides of cadmium 
CdK3.FeCy„.H,0 (Hermann, A. If."), 236); or 
C^iK5(Po6y,)j.llHjO (?) (Wyrubow, A. Ch. (6J 
8, 444). By adding K^FcCy,.Aq to solution of a 
Cd salt. 

Calcium ferroeyanide Ca.(FeCv„).12H,0. 
Triclinic crystals; sol. in 2 paUs of' water "at 
90°; by decomposing Prussian blue by CaO.\i|, 
filtering, exposing to the air, filtering from CaCO., 
and evaporating (Wyrubow, A. Ch. [4] 16, 280 
Berzelius, S. 30,12), 

Double ferroeyanides of calcium 
CaK,.FeCy,.3H20 (Mosandcr, P. 25, 390; Mar- 
ohand, J. Chim. Med. 20, 558); by ppg, a Ca 
salt by excess of K,FeCy,Aq. CaKa (FeCy ), 
(Wyrubow, A. Ch. [4] 21, 271). CaSrFeCy, .1011 ,'6 
(W., l.c."). 

Cerium ferroeyanide Ce|(FoCy.), .3011,0 
(Wyrubow, A. Ch. [5] 8, 441). Poiii do ft'irccyan- 
ides of Co and K arc also said to ovist; hut , 
none of the salts has boon thoroughly oxaniuied 
(v. John, Bl. [2J 21, 53.5). 

Chromium ferroeyanides. Ad'lition 
or K4FeCy,,Aq to CrCh.\q gives a voilow ])p. 
probably Cr.,FeCy, (Str'idaherg, J. 1861 . .304; 
cf. Kaiser, A. Supplbd. 3, 163). 

Cobalt fcrrocyan'ides. K,FeCy,Aq 
added to a Co salt solution produces a blue pp. 
which soon changes in air to rciblish; this 
Vp. is a ferroeyanide of Co, but the exact com¬ 
position has not been accurately detoi mined. 
Wyrubow {A. Ch. [5] 8, 444) gives the 
formulss Co2FeCy,.7H..O, Co,(FoCyJ,.22H,0, 
CoK,.FeCy„ and Co.,Kj(FcCy,)4, to the pp. ob¬ 
tained under different conditions. Compounds 
of Co ferroeyanides with NHj are described by 
Curda (Z. 1869. 369), and by Gintl (Z. 1868. 
625); the formula CojFeCy,.l2^H3.9HjO, and 
CojreCy,.8NH,.10H.;O %re given; a salt having 
the composition Co,FeCy,(NOj)2.10NH,.7H3O is 
described by Gibbs a. Genth {A. 104, 160, 296; 
cf. Braun, A. 132, 33). 

Copper ferroeyanides. The brown-red 
pp. obtained by adding K,FeCy, to a Cu salt 
solution is more or less pure CUjFeCy,; it is 
better prepared by using H,FcCy,Aq, as the pp. 
obtained by K,FeCy, is mixed with Cu-K ferro¬ 


eyanides (q, Williamson, A. 67, 225). The pp. 
dried over H^SOj is said to contain 7HjO (Kam- 
melsberg, P. 74, 66), or 9H,0 (Mouthiors, A. 64. 
297), or lOHjO (Wyrubow, A. Ch. [6] 8, 444). 
It an excess of K,FoCy, is used as pptaut., double 
Cu-K ferroeyanides are obtained; the formula 
CuK..FeCy..H.40, and Cu,K3(FeCy,)3.12HjO, are 
given (Kammelsbetg, P. 74, 66; Schulz, J. nr. 
68, 257 ; Wyrubow, A. Ch. [6] 8, 444; Beindcl, 
J.pr. 103, 160). The salt CuNa.FoCy. is do- 
scribed by Schulz fZ.c.). 

Double compounds of cupyio ferro* 
cyanide. Byppg.au ammoniacal solution of 
CuO by KqFef^y,, the salt Cu..FeCy«.4NlI,.ll O 
IS formed (Bunsen, P. Zi 134; Mouthiers, A. 
<>1, 297). By digesting Cu.J'eCy^ with NH.Aq 
crystalline Cu,FeCyg.8NH,.H..O is formed (Mou- 
thiors, Ic. ; Guyard, Bl. [2J 31, 438). 

Cuprous ferroeyanide. This salt is said 
to bo formed by adding K.FoCygAq to Cu.d, 
in IfClAq; it probably has the colhposition 
CujFcCya (Proust). TJ^e following double 
cuprous-potassium (and sodium) ferro* 
cyanides Inive been obtained:— 

Cu JC ..FeCyij.l; Ca.,Na^.FGCyj (Schulz, J. pr 
68, 2.57); CaK5.FcCy;(rH,0 (Bolley, A. 106. 
228 ; Wonfor, C. J. 15, 357). 

I Didvminm and Erbium ferrocyan- 

j ides. The double ferroeyanides 
DiK.FeCy„.lir,0, and ErK.FeCyg.4H.O are 
: said to be produced by adding K^FeCy^Aq to 
I salts of Di aiidEr respectively (C15ve, Bl. [2] 21, 

I 196 ; Cldvo a. Hocglund, Bl. [2] 18, 197). 

I Iron ferroeyanides. Ferrous ferro- 
I cyanide, Fco.FeCyg; and feiTic ferroeyanide, 
Fe,(l'\'Cyy)q, arc both known; also derivatives 
of both. In connexion with these compounds 
cf. Iron fki;rioyanii>ks, p. 338. 

Ferrous ferroeyanide Fe._j.FeCyg. Ob- 
taiiK'd by ppg. ferrous salts by H4FeCya; if 
. K,FeGya is used the pp always contains K. 
Also formed wlion Prussian blu(» reacts with 
1 f^S. It is obtained pure by boiling H^FeCy^Aq 
, in absence of air (Aschoff, Ar. Ph. [2J 106, 

I 2-.7). [3H4FcCy^ = Fc,.FeCyg-t-12HCN.3 White 
: nniorplious pp. soon oxidised in air with 
} i'0(luc‘tion of blue-coloured compounds; reac¬ 
tion may perhaps be 3(Fe^.F€‘Cy„) -f 30-<■ 3H./> 

Fc\(01I)„ + Fe 4 (FeCyj 3 (lilrlenmeyer, Lehr- 
buck dcr organ. Chcviic [1867], 148 et scg.). 

Double ferroeyanide derived from 
ferrous ferroeyanide. 

Potassium - ferrous ferroeyanide 
K Fe.FcGy'g. {KvcntVs salt.) Obtained by de¬ 
composing K^FeCy, with hot dilute H^SO^Aq, 
in making HCN [2K4FeCy„Aq-h SH^SOAq 
= 61ICN 3K2S04Aq -i- K.jFe.FcCVfl] ' (William¬ 
son, A. 57, 226; Evdhtt, P.JIT. (3j 6, 97). White 
rn icroscopio quadratic crystals, becoming blue in 
air; oxidisers produce potassium-ferrous fern- 
cyanide, FeK.FeCy,. AJso produced by boiling 
H.FcCyoAq with K2SO4 (Aschoff, Ar. Pk. [2] 
100, 257); probably always present in the white- 
bine pp. obtained by adding K4FoCy,Aqto ferrouf 
salts (Aschoff, l.c.). 

Ferric fewocyanide Fe4(FeCy,)j. 
{Prussian blue.) This body was accidentally 
discovered in 1704 by Diesbach, a colour-maker 
in Berlin. It was afterwards found that the blue 
compound could be prepared by calcining blood 
with potash and then adding sulphate of iron. 





In 1724 Woodward of London pi^pared the 
eolonring matter by deflagrating oream of tar¬ 
tar with nitre, calcining the residue with ox- 
blood, dissolving in water, and ppg. by alum and 
sulphate of iron; he thus obtained a greenish 
pp. which turned blue when treated with hydro¬ 
chloric acid. More or less pure ferric ferro- 
oyanido is obtained commercially by mixing 
K^FeCy^Aq with partially oxidised ferrous sul¬ 
phate, and oxidising the light-bluo pp. thus 
lorrned by exposure to air or by the action 
of Cl, HNO,Aq, aqua regia, or alkaline hypo¬ 
chlorites; the blue body tlius formed, known 
commercially as Prussian blue, is a mixture 
of ferric ferrocyanidc, FO|(FeCy,j)„ with fer¬ 
rous ferro-cyanide * Fe.MFeCy,,, ferrous ferri- 
cyanide Fe 3 (FeCya )2 (known commercially as 
TurnbxilVs blue), and probably one or more 
of the K-Pe ferro- or ferri-cyanides (v. po.vt). 
The simultaneous production of iron ferro- 
oyanid^(Prus8iaii blue) and iron ferricyanido 
(Turnbull’s blue) is probably explained by llio 
fact that both ferrous and ferric salts are pre¬ 
sent, and that ferric salts oxidise forro- to ferri- 
cyanidcs, while ferrous salts reduce ferri- to 
forro- cyanides {v. Skraup, W. A. B., 74 (’2nd 
part) Juniheft, 1870). The blue pp. obtainod by 
adding K 4 FcCy^Aq to excess of a ferric salt 
solution is nearly pure ferric ferrocyanidc, 
Fe^(FcCyg)j; as thus prepared the substance js 
known commercially as Pans blue. The name 
Prussian blue is often extended to all the blue 
pps. obtained by adding iron salts to K ferro- or 
forri-cyanidc. For an account of the manu¬ 
facture of Prussian blues v. Dictionaiiy of 

TfiCHNICAt. ClIEMISTllT. 

Formation. —1. By the reaction of ferric 
salts with K^FeCy^Aq (u. supia) ; if the ferric 
salt is kept in excess, approximately pure 
Fe^(FeCy«)j is obtained; if the KjFeCyg is in 
excess the pp. always contains K-Fe ferro- 
cyanide, KjFe.FeCyg.—2. By adding a ferrous 
and a ferric* salt to KCyAq, or to HCyAq with 
excess of KOH added, and tlicn adding acid 
to dissolve the Fe(On )2 and Fe(OH )3 ppd. by 
the KOH or the KCy. [ISKCyAq-i-TFeSO^Aq 
3K,FeCy„Aq -h 3K ,S 04 Aq; 
SK.PeCygAq-t-dFeCUq 

= 12KClAq + Fo,(FeCy.,)j.]~-3. The action of 
air, or other oxidiser, on HiFcCy,;, or on ferrous 
ferrocyanide, Fe 2 .FeCyfl, forms Fe 4 (FeCy„)v 

Preparation. — KjFeCy^Aq is added to 
FeClsAq keeping the latter in excess; the pp. 
is digested with FeCljAq, to remove any 
KjFe.FeCyu, tlioroughly washed and dried. Or 
H^FeCyjis used in place of K^FeCy*; in this 
case the pp. is pure Fe 4 (FeOyJ,. 

Properties. — Dark-blue amorphous solid 
with lustre resembling that of copj^er. Obtained 
in lustrous crystals by spontaneous evaporation 
of solution in cone. HClAq (Gintl, D.P. J. 235, 
248). Does not become perfectly dehydrated 
until heated toe. 250°; complete dehydration is 
accompanied by partial decomposition, with 
evolution of NH^Cy and (NH^ljCO, (u. Beimann 
a. Carius, A. 118,89 ; Skraqj), A. 186,371; Bam- 
melsberg.A. 64,298). Strongly heated it glows 
and is burnt to Fe^Oj. Insoluble in water, 
alcohol, ether, oils, and dilute acids; sol. in 
cone. HOlAq, addition of water ppts. the original 


trate solution; is entirely ppd. from solution in 
H 30204 Aq by exposure to sunlight (Sohoras, B, 
8 , 12 ). 

Reactions.—1. Heat alone decomposes 
Fe 4 (FeCy„)„ evolving CO„ CO, NH^Cy, HCN, 
and (NILhCQg.— 2 . Heat^ in air it is burnt to 
Fe^O.,, lTH 4 Cy, and CO._,.—3. Decomposed by 
alkalis (including MgO) to Fe^O* and K^FeCygAq; 
similar change is effected by KjCOsAq, and by 
excess of NHgAq.—4. Boiled with mercuric oxide 
atul water, Fe^Oj and HgCy^ are formed.-— 
6 . With lead oxide, FojO,, Pb^FeCy*, and 
KsFeCy,, are produced.— 6 . Beduced 6 y sulphur^ 
etted hydrogen, aUo by iron or zinc, to white 
ferrous ferrocyanide Fe^.FeCyg. For account of 
Soluble Prussian blue v. Potassium-ferrous 
ferricyanide under Ferrotis ferricyanide. 

Double ferrocyanide derived from 
ferric ferrocyanide. 

Aminoniff'-ferric ferrocyanide 
Fe,.(FeCyfi)v6NlI,.9HjO (Mouthiers, J. Ph. 9, 
202). When excess of NHjAq is added to 
FeCLAq and the liquid is filtered into 
K,FeCy„Aq, a white pp. forms which soon be¬ 
comes blue in the air; this blue solid when heated 
with NH^ tartrate solution at 60°-80° for some 
hours to dissolve FejO^H^ leaves blue am- 
' monio-ferric ferrocyanide, which is washed with 
' water, and dried below 100°. The compound 
evolves HCN at 100°; no NH, is evolved below 

■ 100°. The same compound is the first product 
I of the action of NH,Aq onFe,(FeCyg), (Mouthiers, 

I l.e.). Because of the stability of this compound 

it may perhaps be regarded as fcrric-ferric- 
ammonium ferrocyanide (Fej.NgH,HFG 2 )(F 6 Cy,),. 

Lanthajium ferrocyanide. —None has 
beoni 8 olated,butthe double salt LaK.FeGys.4H,0 
is described by Cli^ve {Bl. [2] 21, 196; v. also 
Wyrubow, A. Ch. [5] 8 , 444). 

Lead ferrocyanide Pb 2 FeCy,. 3 HaO. 
White pp. formed by adding K^FeCy^Aq to 
Pb(N 03 ) 2 A.q and washing repeatedly with water 
(Berzelius; Wyrubow, A. Qh. [5] 8 , 444). iKises 
I all H^O at moderate temperature. Dehydrated 
I salt heated in air evolves N and leaves mixture 

■ of carbides of Fe and Pb. 

j Lithium ferrocyanide Li4.FeCy8.9H,0; 

I very soluble salt; deliquescent crystals (Wyro- 
, bow, A. Ch. [4] 10, 280). The double salt 
Li,,K ..FeCyg.SII.O is described by Wyrubow 
{A. Ch. [4] 21, 271)? 

Magnesium ferrocyanide 
Mg.,.FoCy„.12nD. By dissolving MgCOg in 
H 4 FeCytiAq and evaporating; pale yellow crys¬ 
tals; sol. 3 pts. cold water; unchanged in air 
(Bette, A. 22, 148; 23, 115). The deyuble salt 
MgKj.FeCvg is described by Berzelius {Lehrh. 4 , 
400 [4th ed.]). 

Manganese ferrocyanide 

; white pp. by adding K^FeOy^Aq 
to solution of a manganous salt (Wyrubow, 
A. Ch. [5] 8 , 444; Mosandsr, P. 25, 890). 

Manganese-potassiuwt ferrocyanide 
MnEj-FeCy, (Berzelius; Wyrubow, Z.c.). 

• Mercury ferrocyanides. Mercurous and 
mercuric salts give pps. with K^FeCy,, but the 
composition of the pps. was not accurately de¬ 
termined. Bunsen (P. 84,134) obtained a com¬ 
pound of ammonia with mercuric ferrocyanide 
Hg^eGyg. 2 NH,.HjO by mixing^ooofed solutiona 
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Molybdenum ferroeyanidei 
Mo^eCy,.8H,0; Mo^eCy,.UH 30 ; 
Mo<FeCy,.20HaO; and the double salt 
Mo^K2l'eCy,.20H,O (?) (Wyrubow, A. Ch. [5] 8, 
444; c/. Atterberg, Bl. [2J 24, 366). Those salts 
are said to be formed by reactionf between 
KjFeCyrtAq and salts of Mo, or in some cases 
molybdate; their composition is doubtful. 

Nickel ferrocyatiidcs. According to 
Wyrubow {A. Ch. [5] 8, 444) K,FoCy,., added to 
a salt of Ni, ppts. NiK.j.FeCy„.3H.^O: jf excess of 
ferrooyanide is used the salt is said lo h.ue the 
coiiipositiou NijKj.FeCy^.GjH.p. By using 
H^FoCy^Aq in place of the E salt, salts are 
obtained which Wyrubow formulates as 
Ni,(FeOye )4 and Ni,FeCy«.H(or 14)H,0. By 
adding K^FeCyjAq to a Ni salt solution contain* 
ing NH, various salts are formed, and from 
these again others are obtained by treatment 
with NHjAq; the following are described :— 
Ni^eCyj.l0NH5.4H2O; Ni.FcCy^.dNUj.UjO 
(Reynoso, A. Ch. [3J 30, 252); ‘ 
Ni2FeCya.2NH3.4((fe9)H..O; Ni„FeCyB.8Nn,.4H30; 
NijFeCyj.iaNHa.OHjO (Gintl,'Z. 1808. 525). 

Niobium f err ocyanides. —Noneccrtainly 
isolated. Several double salts are described 
(Wyrubow, A. Ch. [5] 8, 444; Atterberg, BL [2] 
24, 356); they are said to bo formed by adding 
K,FeCy„Aq toniobicacid in presence of KHC,0^: 
Nb„K(FeCy,)3.G7H20{?);Nb,3E..FcCy,.39H.,0(?); 
(NbO).K,(FeCy«),.10H,O(?). 

Potassium ferrocyanide K^FeCy^. 
(Yellow prussiate of potash. Fciroprussiate of 
potash.) Discovered about 1750 by Macquer; 
obtained by him by boiling Prussian blue witli 
potash. Berthollet showed that the iron in it 
was an essential part of the salt. H.F. 
(K\Fe,Cy*] » 367,200; [K‘FeCy^Aq] = 6,400 
(Berthelot, C. B. 91, 82). 

Formation. —1. By fusing nitrogenous animal 
matter (horn, feathers, dried blood, leather- 
clippings, <fto.) with K^COj and scrap iron, 
lixiviating with water, filtering, and crystallising; 
KCy is formed, and on addition of water this 
reacts with the iron to produce K,FeCyfl (Liebig, 
A. 38, 20; Ndllner, A. lOH, 8 ; IfniTmann, 
D. P. J. 161, 63). [2[’e -* l‘2KCNAq 4H,0 

“ 2 K^FoCyaAq+ 4KOnA(| + 2 il.; or in presence 
of air 2Fo + 12KGNAq‘ + 2H,0 0, 

«« 2 K 4 FeCyflAq -f- 4KOIIAq]. — 2. By heating 
NH 4 . 8 CN with scrap iron to dull redness, and 
dissolving out with water (G 6 ii&, JK J. 1802.283; 
1863. 321; Fleck, W. J. 18G3. 323; Alander, 
Z>. P. J. 226, 318; Tscherniak a. Gunsburg, J. \ 
1878. 1123).—By the action of KCNAq on \ 
Fe(OH),, FeCOj, or FeS, &c. (Fresonius a. i 
Haidlen, A. 43, 132; Liebig, A. 38, 20).—4. By I 
reaction between KOHAq and various ferro- j 
cyanides. | 

Preparation. —PwrcPru 88 ianblueFc,(FcCy,)a j 
ig added to boiling KOHAq so long as the blue l 


and KCy i|ito acetate, adding Ba acetate iitle by 
little to pp. sulphates, filtering, evaporating, ppg. 
K 4 PoCyg by alcohol, and reorystallising twice 
from water. 

^ Properties. —Reddish-yellow quadratic pyra¬ 
mids (Bunsen, P. 36, 404); crystallises with 
3HjO. S.G. 1*86 (TF. J. 1875. 603). Not 
poisonous. Loses all HjO at 60'-80’; un¬ 
changed at ordinary temperatures. Sol. 0 .4 pts. 
cold H .^0 and in o .2 pts. at 100 ®; insol. aloohol; 
1,000 c.c. K^FeCyaAq saturated at 15® has S.G. 
ll'H, and contains 258*77 g. salt and 885*34 g. 
water (Michel a. Kraft,^A. Ch. [3] 41, 471), 
Solution decomposed in sunlight with ppn. of 
Prussian blue and evolution of HCN. 

llcactions.~\. Heatedin closed vessel melts at 
little above red heat, evolves N, and leaves mix- 
turo of KCy and Fe carbide; if salt is not de¬ 
hydrated it gives off CO.^, NH 3 , HCN, and N.— 
2. Heated to redness in air gives KCyO; same 
product formed by heating with redu^le metal- 
he oxides.—S. Changed ,slowly by ozone into 
KjFeOy,,; not, however, acted on by oxygen .— 
4. KiFeCyfiAq electrolysed forms KaFeCy„ at posi¬ 
tive, and KOHAq and H at negative, pole (Schlag- 
denhaurfen,t/.18G3.305),—S.K^FeCy^Aqischanged 
to K^FoCy^Aq by oxtdisers, e.g. KMnO^Aq, PbO^, 
MnO, (Brodie, P. 120, 302; Weltzicn, A. 1.38, 
129; Reindel, J.pr. 7G, 342; Bdttger, J.pr. 76, 
238; Braun, J.pr. 90, 356).- G. Chlorine forms 
KCl and KjFeCyfl; broynine reacts similarly to 
Cl. -7. Iodine dissolves in warm K^FeCy^ to 
form an olive-green liquid, from which crystals 
of a double compound of KI and K^FeCyg 
(KI.K,FcCyH) separate on cooling (Mohr, A. 105, 
j 57; Blomslrand,/. 2 >r. [2] 3,207; Preuss, A.29, 

! 323). — 8 . Fairly cone. ?ufrtc acid forms nitro- 
> prussic acul {q.v. p. 341); very cone, nitric acid 
, decomposes the salt entirely, forming N, Cy, 

I NO, COj, KNO„ and FcoO^.—9. Dilute sulphurio 
acul forms H^FeCygAq if cold, if the H^SO^Aq is 
warm HCy is evolved ( 2 K,FoCy„A 9 + 3 H 2 S 04 Aq 
- GHCyAq - 1 - FeK.(FeCy„) + 3 K^S 04 Aq; Witt- 
steiu, Vicytcljahr. Pharm. 4, 516; Aschoff, i4r. 
Ph. [2J lOG, 257). Heated with cone. H^SO, 
almost pure CO is evolved (Fownes, P. Jlf. 
[3J 24. 21) rK,FeCy« Gfl SO, + 6H,0 

= 2K ,SO, + 3(NiI,) ,S(), + F 0 SO 4 -h GCO}.—10. De¬ 
composed by boiling with mercuric oxide and 
I water, HgCy.j and Fo^(OH)«being formed (Weith, 

I Z. 18G9. 381).—11. Boiled with salammoniao 
I NHjCy is volatilised (Wyrubow, A. Ch. [4J 16, 
i 280). — 12. Avinumiacal silver nitrate forms 
Fc(OH )3 and AgCy.KCy.—13. K^FeCy, boiled 
witli a very little ferric chloride solution forms 
some K.KcCyg (Williamson, A. 57, 238).— 
14. KjFeCy^Aq reacts with most metallic salts 
to give pp j. of ferrotyanides (q. v.). 

Doubla ferrocyanides derived from 
potassium ferrocyanido. (Those only are 
mentioned here wliich contain potassium, and 
another metal the first letter of the name of 


colour changes to brov^, tlie solution is filtered, which follows P in alphabetical order; the other 
evaporated, and the salt is rccrystalliscd from double ferrocyanides containingKarementioned 
water. Impure K^FeCy, (prepared from com- under the headings of the metal other than K). 
mci 3 ial Prussian blue) generally contains K^COj, NajK.FeCy,.0HP (Wyrubow, A. Ch. [4] 16, 
K^SO,, (fto., and sometimes Prussian green; it 280). 

may be purified, according to Berzelius, by heat- NaKa.FoCya. 8 H 2 O (Rcindel, J. pr. 100, 6 ). 
ing until it etlloresces, and then to its melting- NaKj.FeCyj.SHjO (Rcindel, J. pr. G5, 460). 

point, dissolving in water, filtering from C and K,SrKeCya.SH,0 (Wyrubow, A. Ch. [ 4 ] 21, 

Fe carbide, adding acetio acid to convert E 2 CO, 271). 
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K.Wj.roCy,.7H20 ; K,VV,FoCy*20H,O (?) V salts by K,FeCy„An (Altoibcrg, Bl [21 24, 
(Wyrubow, A, Ch. [5J 8, 4'U). 355). 

K^Ug.FeCyB.OHjOl?); K;3UO;..(FoCy„),2.6H^O; Yttrium ferrocyanide. ThosaltY^VcCy, 
K„5UOj.(FeCyj4.12H^O (W., l.c, ; Atterborg, BL is said to be produced by boiling yttria with 
[2j 241, 355). . Prussian blue, filtering and evaporating slowly 

K„V.{FeCy,),(??) (W., l.c.); (Popp, 131, 179). For double K-Y salt v. 

K 9 (VO) 5 (FeCyi,),.OOiPO (?) (A., l.c.). Bolassium ferrocyanide. 

KY.FeCy, (Ci5voa. Iloeglund, C/. [2] 18,107). /iinc ferrocyanide Zn.^FoCy«.3H^O 
Double salts containing potassium (Schindler, Mayaz. PJiami. 35, 71), or with 
ferrocyanide. -lirO (Wyrubow, A. C/t. [5J 8, 444). White pp. 

K,FeCy6.2KNOa.2NaNO, (Martius, Z. 18G0. by adding excess of ZnS 04 A(ito K,FeCy,Aq; or, 
310 ; cf. Wyrubow, A. Ch. [1| K), 280). ‘ better, by using TT,FeCy„. If the ZnSOiAq con- 

K,FeCy8.3HgCyi.#I_,0 (Kane, A. 35, 357 ; tains NH^, a ZnFeCy„.3NH8.H.^O,ia 

Lowe, J. 1857. 273). produced (Bunsen, P. 34,134; Mouthiors, A. G4, 

Osmium ferr^cyaitide OsYeCy^, (Mar- 207). 
tius, A. 117,357). FEiiiticYANiiYDiao acid and fekuioyanides. 

Hubidium ferrocyanidelXh^^eCy,,.211/}. Ferricyanhydric aciti II,FcCyy. {FerrU 

Yellow triclinic crystals. Obtained by dissolving cyanic acid, fhidrofcrrici/anlc acid. Ferric 
Jtb_,CO., in l£,FeUy„Aq, and evaporating (Piccard, imissic acid.* Hydrogen femeynnuU.) Pro- 
/.pr. 86, 440). pared by decomposing Pb,(FeCyJ^ by dilute 

Sil't^r ferrocyanide Ag,FeCy,, (Glass- H^SO^Aq (Gmelin); or, preferably, by adding 
ford a. Napier, P. if. [3] 25,71); with 21FO, to cold cone. KgFoCy^Aq two or three times its 
according to Wyrubow (A. Ch. [5] 8, lit), volume of very cono. HClAq, and collecting the 
White pp. turning blue m the air by adding acid which separates on a porous plate, and dry- 
K^FeCyaAq to solution of a Ag salt. Sol. in ing in vacuo (Schafarik, W. A. B. 47, 262). 
KOyAq. Combines with NIJ, to form Forms lustrous brownish-jjroen needles; very 

Ag FeCy .2NII .611 0 in water and alcohol, insol. in ether; do- 

' ' ' composed in air with evolution of FICN and pro- 

(Ointl, W. A. B. 59,554 ; 60,470). Decomposed ! duction of biuc-colourod residue (Possolt, A. 42, 
by warm Nfl.Aq to FeO.irlip and solution of I 163). Joannis {C. B. 94, 419, oil, 725) ex- 
AgCy and Nll,Cy (Weith. Z. [2J 5, 381). | amined the thermal data for H,FeCy„Aq; the 

Sodium ferrocyanide Na4FoCy„,12H20 ■ solution was prepared by the action of Br on 
(Ber/.clius), or 911,0 when ppd. by addition of j H^FcCysAq; — 

alcohol to Its hot solution (Weith, A. 147, 329). | [IFFeCy\\(i,3KOnAql-43,500; [H*,Fe,Cy*, 
Obtained by boiling Prussian blue with Na()HAq, ' Aq] =77,400 (gaseous Cy); [lI‘FcCy'’Aq, 11] = 
filtering, and cooling. Monoclinic, pale-yellow | 29,200 (production of solution of H,FeCy„ from 
crystals, which ellloiesco in air (Ileindel,/. pr. solution of H.,FeCyA. 

102,42). Ferricyanides (Furri^JmssifUcs). Salts of 

Strontium ferrocyanide ferricyanhydric acid. These salts are produced 

Sr,^FeCy«.15np; easily soluble, yellow mono- by the action of oxidising agents on the ferro- 
olinic crystals Obtained by dissolving SrCO, cyanides; the action consists in the withdrawal 
in II^FeCy,.Aaj, evaporating, and recrystalli'itig of | of thometal of the ferrocyanide; MjFeCyg — M 
the crystals which separate (Bette, A. 22, 148). =MjFeCy,.. Alkali forricyanides are soluble in 
Wyrubow (A. 0/t. [4] 16, 280) obtained crystals water; most of the other fi’rricyanides are insolu- 
with 8Hp. ble.andmaybeformedbyppn. Alkaliferricyanides 

Thallium ferrocyanideT\yPGCy,^.2TL.Q ; give pps. with salts of many different metals, 
small, lustrous,yellow triclinic cx’ystals. Formed Ammonium ferricyanide 
by crystallising a mixed solution of eonc. (NII,)sFeCy„.3H_;0. Chlorine is passed into NH, 
K^FeCy^ witii cone. TI./JO,Aq (Lnmy a. Dos- ferrocyanide solution until the liquid ceases to 
cloisoaux, A. Ch. [4] 17, 310; Wyrubow, A. Gh. give a blue pp. or cok>nr with FeCI^Aq (free from 
[4] 16, 280). FeCL); the liquid is evaporated slowly, then 

Tin ferrocyar'.ides. Stannous ferrocy- cooled; the crystals of (Nil,)jFeCy,, are separated 
ixnide SnFoCy„.4IFO ; white pp. by adding from those of NH,Cl formed in the reaction, and 
K,FoCy^ to SnCl^ solution (Wyrubow, A. C/i.[5J arc recrystalhscd from water. Cannot bo wholly 
H, 444). Stannic ferrocyanide SnFeCy„.4HG ; dehydrated without partial docomposition, HCN 
brownish pp, by adding K.FcCy.Aq to Sinfi, being evolved and some Prussian blue jiroduced 
solution (W., l.c.). Wyrubow describes other (Jacquemin, ili. [2] 1, 319; Bette, A. 23, 115). 
ferrocyanides of tin, but ^heir composition is By boiling K,FeOy„Aq with (NH 4 )oSO,Aq 
do«t>tful. • Schallor {DL [2] 1. 275; 2, 93} obtained crystals 

Titanium ferrocyanides. According to ot i)\o lUnible salt (NH,)jK.FeOyfl. Schuler (IK. 
Wyrubow (A. Ch. [5J 8, 444) vaiious Ti forro- A. B. 77, 692) obtained the double salt 
cyanides are obtained by adding K.FeCygAq to NH,rb.FeCy,;.3ll.^O. 

solutions of Ti salts; the composition of these Barium ferricyanide Bai(FeCy,,)220H„O 
compounds is doubtful {cf. Atterborg, BL [2] (S^ohuler, IK. A. i?. 77, 692). By passing Cl into 
. ** *Bolution of BaK,.FeCy„ (obtained by mixing 

ferrocyanide ThFcCyu.4H20 cono. BaCl.Aq with excess of cone. K^FeCy^Aq), 
(Clevo, [2]^1,119). wanning to remove e.xces8 of Cl, adding alcohol, 

/errocTyanideUFeCyg.lOiip; and cooling, tho double salt BaK.FeCy,.3H,^0 
U,KjFeCy„.20HjO (Wyrubow, A. Ch. [5] 8, 444). was obtained (Bette, A. 23,115). 

fj^rrocyanide. The salt Beryllium ferricyanide (Joezynsky, 
(VO)jFeCy,j.llH 30 U said to be formed by ppg. 1871. 276). Composition undecided. 
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Bismuth ferricyanidt Bi,(PeCy,)„. 
Brownjrt red pp. produced by adding K>cc/.Aq 
to Bi(NO,), dissolved in very little HNO.An, 
wash^g with cold water, and drying in vacua 
^ocomposod by boiling water with 
evolution of HCN. Cl, in presence of hot water, 
forms BijO„ Prussian blue, and HCN; Br and 
NaOHAq gives Bi.O, and Fe,0,. Keduced by 
Na-amalgam to Bi,(FeCy„),. 

Also obtained by reaction of dilute HNO.Aq 
"‘‘'l B>*(^’eCy,). (j. V.) (Pattison Muir, C. J. idi 
Id, 054; 17, 40). 

^ Cadmium ferricyanide. Yellow pp.ob- 
tained by adding KjPeCy^Aq to solution of a 
Cd salt ; composition undecided. This pp 
dissolves in NH,Aq ; if little NH,Aq is 
used the double salt Cd,(FeCyj),6NII,.3H,0 
^/frmed; if much NHjAq is added the salt 
Cd,(ieCya)3.4NHq.2Il20 is produced after a time 
(Wyrubow, A. Ch. [5] 10, 413). 

Calcium ferricyanide I 

Ca3(FeCyg)5.10 (or 12) R^O (Berzelius, S. 30, 12 ; ! 
Bette, A, 23,115). Formed by the action of Cl I 
on Ca^^eCyaAq. Fine, red, deliquescent needles. ' 
The double salt CaK.FeCyg is described by Mo- 
sandcr (P. 25, 390;. 

Cerium ferricyanide CeFeCy,.4H,0 i 
(Jolin, Bl. [2] 21, 635). By adding alcohol to a 
mixture of Ce nitrate with K|FeCy,Aq. | 

Chromium ferricyanide. Compound ob- 
tmned by adding K,FeCy„ to a Cr salt. Coiii.^o. ' 
Bition undecided (n. Stridsborg, J. 1804. 301). 
Christensen {J. pr. [2] 23, 49} describes the ' 
double compound CrFeCy,.6NHj.lUI,0. I 

Cobalt ferricyanide COj(i’cCy,);. Bed- \ 
teown pp. obtained by adding KjFeCy.Aq to a I 
Co salt (Om. 7, 497). When Co,(FeCy,), is kept ! 
in contact with NH,Aq for a long time the i 
daubU cotnpound Co,(FeCy.)j.2NH,.«H..O is pro- ' 
duced (Braun, A. 125,153,197). ' i 

Copper ferricyanides-, Cuprous ferri- 
cyamde Cu,(FeCy,); brownish red pp. formed by ' 
adding CUjClj in HClAq to K,FeCy,Aq. Sol iii 
NH,Aq, bnt not in NH, salt solution. Cupric 
fe^yanidc Ca,(FcCyJj; yollowisli pp. formed 
when a cupric salt solution is ppd. by K,FcCy • 
said always to contain excess of K,FeOy., pos¬ 
sibly in combination ; sol. NH,Aq, also in’solu- 
tiona of NH, salts (Wittstein, B. P. 63 314 • 
Williamson, A. 67, 225). ’ 

Iron ferricyanides. Turnbull's blue, 
FCjCyij, IS probably ferrous ferricyanide 
Fo,(FeCy,),. Soluble Prussian blue, KFe.Cv., 
w ,I‘°i‘^‘''‘t‘’n-ferrous ferncyanule, 

FeK.FeCy,: there is also a corresponding NH, 
salt. Pclouze's green (or Prussian green), 
I^c,jCy„, may be regarded as ferroso-ferric ferri- ' 
cyanide, Fe’‘,.Fe>»,(FeCy,),, ^ | 

Addition of FeCl,Aq to K,FeCy,Aq produces I 
soluble Prussian blue, which is generally regarded ' 
as a ferricyanide; th* same compound is pro- 
duced by adding FcSO.Aq to K,I-’eCyjAq. The 
formation of a ferricyanide from the reaction 
between a ferrous salt and a ferricyanide, and 
also from that between a ferric salt and a ferro- 
oyanide, is explained by Skraup’s observation, 
tliat ferrous salts reduce ferricyanides to ferro- 
cyanides, while ferric salts oxidise ferro- to 
ferri- cyanides (W. A. B. [Juniheft, 1876] vol. 74. 
part 2). When soluble Prussian blue is treated 


with FoStf.Aq Turnbull’s blue, Fe,(FeCy,),, is 
formed; when ferrio sulphate is used the product 
w lerrooyanid* 

ferrooyanide FCj-FcCy, (q.o. 
p. 334), when partially oxidised, produces ferrous 
ferrioyamde (Turnbull’s blue), and when more 
fully oxidised ferrio ferrooyanide (Prussian blue) 
13 formed. These reactions suffice to show how 
easy is the passage from ferrooyanides of iron 
(both ferrous and ferrio salts) to ferricyanides, 
ana vice versd, 

irr J^’‘'^'<;y‘‘nide Fe,(FeCy„),. 

{Turnbull sbkie). Obtaino^i by adding K,FeCy-Aq 
to an excess of a ferrous suit, digesting the pp. for 
some time with the ferrous^olution, and washing 
with hot water; also obtained by partial oxida- 
tion of ferrous ferrocyanide Fe...FeCy,„ which is 
the pp. formed by adding H,FeCy,Aq to a ferrous 
sa t. Best prepared by ppg. excess of a ferrous 
salt by HsFeCy^Aq (j. v.). When dried in air 
retains about 28 p.c. water (WiliiamsAh, A, 67, 
225); cannot bo completely dehydrated without 
partial decomposition,givingFo.'O, and Prussian 
blue, i'e,(l'c€y,,),. Oxidises when moist by ex¬ 
posure to air to ferric ferrocyanide (Piussiaii 
blue). Deep-blue powder, with tinge of copper- 
red; insol. water, alcohol, and dilute mineral 
acids; sol. IFCDjAq. Decomposed by KOHAq 
or K.CO.Aq, giving K,FeCy„Aq and Fe.O,: 
Prussian blue gives Fe.Oj and K.FeCy.Aq. 

i'erroso-ferric ferricyanide 
Fe'",.l' e"3(FeCyJ, = b’cisCy,,. {Prussian green. 
Iclouzcs green) (Pelouzo, A. Ch. [2] 69, 40: 
trlenmeycr, Lchrb. der organ. Chemie [1867], 
p. 48 cl scg.; Williamson, A. .57, 225), Green 
pp. obtained by passing excess of Cl into K,FeCy, 
boiling the liquid, washing the pp. 
with cone, boiling HClAq (to roniove FeoO» and 
Irussian blue) so long as the liquid is turned 
blue on addition of water, washing with water, 
and diying. Also produced by prolonged con. 
tact of K,FoCyrt with aqueous acids; and by 
boiling soluble Prussian blue (K-forrous ferri. 
cyanide, FeK.FeCy.,) with HNO^Aq. Clianged to 
Irussian blue, Fe,(FcCy„)„ by prolonged contact 
With air. Heated to 180 ' gives off Cy and HCy. 
Decomposed by KOHAq. giving Fe,0,H, and 
K^FeCy,,Aq and KjbeCyg. 

Another cyanide of iron, which is probably a 
ferroso-ferric ferricyanide, vie. Fe.C., 

is described by Reynolds 
(0.j7. Trans. 1888. 767) as a black solid, formed 
by heating to boiling 40 parts of bromine with 
20 parts of K,FeCy, in saturated solution in a 
flask with a reversed condenser for 5 or 6 hours 
washing with dilute HCIAq, tlien tlioroughly with 
cold water, and dry! jg over H,SO, in vacuo. The 
substance is hygroscopic; potash decomposes it 
to FeOgHj.’KjF eCy,,, and K.FeCy.; it dissolves 
in cone. HCIAq after long digestion, giving Fed, 
and FeCl,; when moist it is changed in air to 
Prussian blue. 

Double ferricyanides derived from 
ferrobe ferrioyanides. 

Ammonium-ferrous ferricyanide 
NH,Fe.FeCy,.l^HjO (Wyrubow, A. Ch. [6] 8, 
444). Corresponds with, and prepared in man¬ 
ner similar to, the R salt (u. pose), but more 
stable than that salt; may be dried without 
decomposition; not ppd. from solutions by alco¬ 
hol. 
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Potassium-ferrous femcyXnidc 
KFe".FeCy,. [Soluble Prussian blue.) This 
gait may perhaps be better regarded as potassium- 
ferric ferrocyanide KlTe'^.FeCyj. It is obtainrjd 
by mixing FeCljAq and K,F,.-Cy„Aq in the ratio 
FcCl,:K,FoCy„; solutions of known strcngtli of 
the reacting salts are poured simultaneously 
into the same vessel with constant sLirrin*;, the 
PI), is at once washed with cold water, and 
dried over w vacuo {Skraup, W. A. B. 

\Junihcft, 1H7G] 74, ‘2nd part). It is also 
fotmed by dissolving about 80 g. K.FeCye in 
water, and adding abbut 3g. ]'’e80^.7llD, free 
from ferric sale, dissolved in water; the pp. is 
washed with Hir-froe» water contaiiung a little 
KOI, and then with pure water (Skraup, Ic.). 
Dried in vacuo the salt has the coini'ositioii 
2(KFe.FftCy,J.3}H^O (Skiaup, Lc.). (For pre¬ 
paration V. also Brucke, J. 186G. 283 ; Iteiiidel, 
D.P.J.m, 306). 

A blift solid, sol. cold water, solution is do- 
composed by boiling With fonnatiori of yellowisii 
pp. Addition of salts, mineral acids, nr alcohol, 
to the aqueous solution of this compound pro¬ 
duces a blue pp. After contmued w.tshing with 
alcohol, soluble bine becomes insol. in water 
(Skraup, A. 186, 371). From an iKpieous solu¬ 
tion of soluble bine, containing a lutin alkali, 
ferric salts ppt. Prussian blue, i’’e,(Fe(ly„),, and 
ferrous salts jipt. TnnibuiPs blue l'’"'(i'''o(:yJ_; 
(Skraup, Z.C.). Alkalis, Nlf^Aq, and alkali car¬ 
bonates ppt. FoX)„ll,,, and foiin a solution of 
ferrocyanide. Digested with K,FeCy«A(i, 
K.FeCy,,, and potassium ferrous fonoryanido 
(1\ d''c‘.FoCy„) aie produced. 

The blue compound obtained by Williamson 
(.4. 67, 22.6) by heatni;.; poliissium tenons ferro- 
exanide, KFe“.l’'cC>„, with <liiute 11X0,Aq ap¬ 
pears to be ideiiLicai witu f.oluble Prussian blue. 
Tins body was ]>reparod by digesting 1 pt. while 
KI'’o“.FeCy,i "■’dh I pt. cone, acid ami 20 pts. 
water; when "the liquid was nearly boiling NO 
escaped, and t)»e lam|) was removed; treatment 
witii HNO,Aq was continued until a s,mii)ie of 
the blue componml jirodiici'd gave pure Fe,.0 
nmnixed with FcjO,, when decomposed by 
KOHAq. 

Lead fet ricyanlde. Gmclin gives tlie 
formula Pb,{FeCy„).; Schuler (IP. A. B. 77, 
692) gave I’b (FeCy,,) ,.4H..O; v. Zepharovich 
(IP. A. B. r,9 [ *ml partj,80U)Pb.,(FeCyj2.16H,0. 
According to Wyiubow [A. Ch. [6] 10, 413) tho 
salt witli 16HG is obtained by mixing hot solu¬ 
tions of equivalent weiglits of Ph{NO,),. and 
K,FeCy,,, and allowing to cool. Small dark- 
reddish crystals; not e. sol. water. Double salts ; 
PbK.FGCy,..31ip (Wyrubow^ Z.c.). Tho mother- 
liquor from Pb3(FcCy,,)3 deposits this salt on 
cooling. Bed, six-sided triclinic iflates; a'.h'.c 
-• l*7205:l:-9.309. Decomposes on exposure to 
air. Pb,(FcCyJ ..IJPbO ,11 ,.1111.0; 
Pbj(FeCyj2.Pb(NOd.,.l‘2H'0 (Schuler, W. A. B. 
77, G92). 

Magnesium ferricyanide Mg,(FeCy«)2; 
reddish brown, non-cvystallisable; obtained by 
treating MgjFeCyH (2-1’-) wiA Cl (Bette, A. 23, 
116). Roindol [J. 'pr. 103, 160) obtained the 
double salt MgK.FeCy^. 

Manganese ferricyanide Mn,(FoCy,.).^; 
iirowmsli pp. by adding KjFeCv Aq to solution 
Of a Mn salt (Wittstcin, R. P. G3i 314). 


_ Nickel ferricyanide; pp.formed byadd- 
ing Kyb eCy^Aq to solution of a Ni salt is prob¬ 
ably Ni3(FeCye).2 [Qni. 7, 600). According to 
Reynoso [A. Ch. [3] 30, 252) addition of 
KjVeCyjAq to an aminoniacal solution of a Ni 
salt profluccs a yellow pp. of tho double salt 
Ni5(FeCy„)2.4NHj.H,0. 

Potassium /erricT/anidc KjFeCy.. (Bed 
prussiate of potash). 

Fonimiion. — 1. By adding PbO* to 
^|l^eCy„Aq, and neutralising the KOH produced 
by an acid (Seuberlich, D. P. J. 238, 484).—2. By 
, adding HrAq to K,FeOy^Aq until I'cCljAq ceases 
' to give blue pp. ~3. By passing ozonised 0 into 
K,FeCy,jAq. — 4. By electrolysing K^FeCy^Aq 
(Schhigdcnhauflen,18G3. 305). 

Preparation.— K^FcCy,,Aq is digested with 
potassium-ferrous ferrocyanide, KjFe.FeCyn 
(7.1’. p. 334) llie liquid is filtered and crystallised 
(Williamson, A. 57, 22.6).-2. Well washed Cl is 
l»assc\l into cold K^FeCy,,Aq, witli constant agita- 
1 tiun, until a few drops of the liquid give abrown- 
yed colour, but no ]q)., with FeCl^Aq; tho liquid 
i.s ovajioratcd, and the crystals are I'epeatedly 
recryst.illiBcd fiom water [K^FoCy^Aq-i-Cl 

- KClAq + KjFeCy,,Aql (Gmelin, S. 34, 325; 
Zimmermami, D. l\ J. 127,211). If tho passage 
of Cl is continued too long some Prussian green 
is formed (y. Per) oso-fernc ferricyanide, p.'ii^S); 
to remove tins, Posscit (.4. 42,170) evaporates 
to tho crystallising point, then adds 2 or 3 drops 
of KOHAq (not more), filters from Fe^O^H,,, and 
allows the liquid to crystallise. — 3. Rhien 
[D. P. J. 206, 1.51) recommends to mix HClAq 
with cold K.FeCygAq in tho ratio 2K^FcCy,:HCI, 
and then to add a cold filtered solution of bleach¬ 
ing powder until FeCljAq gives no blue pp.; 
any excess of acid is then neutralised by CaCO^, 
and the solution is evaporated to the crystallising 
point. The first crop of crystals is pure, the 
subsequent crops contain traces of lime which 
may bo removed by re-cryst^llisation. 

Properties. —Large red prismatic crystals; 
monocIinic,a:6:c =^'7 i57:l:'5085(Kopp,7vrj/stoZ/o- 
graphic, 311); accoiding to Schabus {IF. A. B. 
1850. 682) the crystals are triraetric xvith the 
ratio of axes a;5;c = l-‘2418:l*670G:l. S.G. 1-ft- 
1'85 (Schabus, l.c. ; Wallace, C. J. 7, 77). S. 
33 at 4-5^ 36-6 at 10°. 39'4 at 1.5-5°, 58-7 at 38°, 
77-5 at 100°, 81-9 at*104° ( = B.P. of saturated 
solution) (Wallace, l.c.). S.G. of KaFcCy^Aq 
saturated at 16-5°-M78 (Schiff, A. 113,299). 
Nearly insol. alcohol. H.F. [K’, Fe, Cy*'] 

- 278,700; data obtained by oxidising KjFoCy^Aq 
by Cl and Br, also Il,FeCy,,Aq by Br, and re¬ 
ducing Zn3(FcCyJ.^ by HlAq (Jounnis, C. B. 94, 
449, 641, 725). 

Reactions. - 1. Heated in a closed vessel, de¬ 
crepitates, evolves Cy and a little N, residue con- 
sisls of KCy.KjFcCy^, FedFcCyJ.,, C, Fc, and prob¬ 
ably paracyanogen. Heated in air, Cy is evolved 
and FcDj and KCy remain.—2. K.,FeCyaAq is 
reduced to K^FeCynAq by tho action of sunlight 
(ngt by yellow liglit) (Vogel, B. 4, 90; Schfin- 
bcin, P. G7, 87); also reduced by HjS (William¬ 
son, A. 57, 226); by alkali sulphide (Liesching, 
D. P. J. 128, 20G); by thiosulphates (Diehl, 
J. i>r. 79, 430; c/. Lowe, J. 1857. 273); by HI 
(Lenssen, A. 91, 240); by reduced Ag, Zu, Fe, 
Bi, &c. (Eder, J. pr. [2] 16, 211; Bottger, C. 0. 
1872. 708); by ferrous salts when hot (Skraup 
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i. 18C, 371); by H..O^q in alkaline solution I ww probably eiiit bat thAivi ■ i- 
(WelUieii, .1. 138, 12!)); also by SOjAi|, pbos- knowledge regarding them. aooum; 

VVi’te wnA Ujpophospbites ; also by many. or- Nitbopbossiiibs (NUraprutsiatp, 

p,an\c tsiacVng atrenls, e.g. lotmic acid (Bohon-! /fm'cj/ontdes.) Salts ot nitronrti • 

bein, P. (>7, 87).- 3. Alkaline solulicm ot . Ul'eG,tl,0 (probably 
K^FeC/g acts as an oxidiscr, e.g., ioirarfi.? sugar, / irere discovered b/ Vla/lair in inio 
starch, alcohol, oulie acid (Wallace, C. J. 7,Sd, 197,271, dlSj. They have been studied by 
77), indigo iMoroot, P. M. \J'\ VIA)-, HO is ' Gerbardt.Hadow.lioiissin.and others, but their 
oiidised to HNO„ P to H,PO„ and S is said to constitution cannot be regarded as Snally deter- 
be oxidised to lI,SO,Aq (Waliitcc, Jm- / inbinl. The nitropnmides are tonned by roao- 

tnonia roAcla with KJ'’eCxAq to form KJ'oCy,,, ! tions betivecn niino acid and tho alkali /erro- or 
(NHJ^FeCy,,, and N (Moaibiers, J. Fh. [31 11, I /orn-cyaiiides, or iictwoeii ferro- or ferri-cyanhy- 


254). -O. Votash when boiled down with cone. ! <iric acid and nitric oxids, or by adding KNOj 
KsFeCy^a^q produces KJ'eCy,, and KCy, evolv- j and a dilute acid to a ferrocyanidc. The first 
ing Cy and ppg. Fc^O, (l^uudault, J. Fh. [3] 7, j pioducts of tho reaction beirween KjFcCy^Aq and 
437).— 6 . Some oxtdUahle mttalUc owulrs, e.g. j liNOj are K,,FeCy^ and MO; those then react 
PbO, Cr.Oj, MnO, SnO, when boiled with to produccK nitroprusside with evolution of HCy, 
K,FeCy„Aq in presence of KOIT, form K,FoCy,.Aq, | N, and CO._.. According to Jenson (J. Ph. [5] 11, 
and a higher oxide of tho inrtab,' CoO and NiO | 31.)) continued electrolysis of K,FcCy« produces 
are not tlius oxidised; salts of Ag and ^Vu pro* I a liquid which gives the reactions of K nitro- 
duce Fe.^Oj with solution of K,l'e(ly^ and double , pvussidc. By boiling a mixture of Fe^ljAq and 
cyanide of K and Ag, or K and An.—7. When j KCy, to which KNO^ has ^een added, iT nitro- 
merciiric oxule is boiled willi K,FeCy,,Aq, | prussidc is formed; according to lloussin [A.Ch. 
HgCy.^.\q is formed, and the whole of the Fe is [ [3] 52, 2^.3) this process is analogous to that 
ppd. as FcjC)., {Gmolin).— 8 . K ,l'’eCy„Aq is decorn- | wlioreby iron nUrosulphide [q. v. under Iron) is 
posed by excess of chlounc with production of ! produced, K.S being used in place of KCy. 
llCy and CyCl; on boiling, or on ad<litioii of Alkali nitroprussidos are soluble in water; tho 
Alkali, the liquid deposits fenoso-fi'itic ferri- insoluble salts, c.g. of Cu, Fe, Zn, aro obtained 
cyanide Fe^‘“.Fe 3 **(FeCy^)e ( 7 . v. p. 338). Bro* from these by double decomposition ; the Fo or 
mine, in excess, and with prolonged action, pro- Cu salt decomposed by NHiAq, CaOAq, or 
duces Prussian blue; when tho action is con- BaOAq, gives a solution of the MII 4 , Ca, or Ba 
tinued for a shorter time a black cyanide of nitroprusside. Tho nitroprnssides arc generally 
Fo, FejCyjR, probably a ferroso-ferric compound coloured and crystallise well. A solution of a 
Fe 3 **Fc/»(FeCyu)„ is formed [v. p. 338); when nitrojirussidG gives a deep brilliant purplecolour 
the ferricyanide is in excess Turiibnirs blue is with an alkali sulphide; tho colour soon fades ; 
produced (Reynolds, G. J. Trans. 1888. 7()7).— this reaction is used as a very delicate tost for 
9. Nitric acid produces nitroprusside of potus- nitioprussidcs. The nitrojnussidcs are docom- 
sium ( 7 . V. p. 341) and nitre (Playfair, P. M. f3] posed by boiling with alkalis, giving F 02 O 3 , N, 
2(», 11>7, 271, .S4B).—10. Hydroc.hltn ic acid wlien alkali ferrocyanide, and probably alkali nitrite. 


boiled with KaFcCy,, forms KCl,FeCL, and Timi- 
bull's blue, Fe 3 (FoCy„),. — 11. Nitric oxide pro¬ 
duces K nitroprusside (Bunge, Z. 1806. 82). 


With H.S they give Fc\0„ Pru^^ian blue, S, a 
ferrocyanide, and a nitrosulpliidc of Fc; they 
are not usually changed by SO.^. sulphites, or 


Combination. —With 2>'dassium iodide to thiosulphates, but are decomposed by liot cone, 
form K^FoCy^.K!; very un.^tuble salt (Preuss,4. H^SO,. Some of thc.se salts arc stable ; others 


29, 32.3 ; Mohr, A. 10;3, 57; Biomstrand, J. pr. 
[2] 3, 207; c/. Kern, C- N. 33, 184). 

Tho double salts KNa^.FcCy„, K,Na,(FcCyJj, 
K^NaFeCy„, have been isolated {v. Reindel, J. pr. 
102, 43; ibid. Z. 1870. 147 ; Laiirent, J. 1810. 
291; Wyrubow, Bl. [2J 12!^ 98; 11,115). 


undergo change in solution with ppn. of Prus¬ 
sian blue or Fe./),. 

The constitution assigned by Gerhardt to the 
nitroprussidos {Traits, 1, 314) was MaFeCy^.NO 

[M which represents tho com- 


Siloer ferricyanide Ag/eCys. Orange ' 
yellow salt obtained by adding K.FcCyrtAq to | 
AgNOaAq. Whenfreshly ppd. Ag,FeCy„ is treated I 
with NHjAq, or when KaFcCy^Aq is added to i 
AgNOjAq with enough NII,Aq to form a clear 
liquid, a reddish pp. of the double salt 
2 Ag 3 FcCyg. 3 NH 3 .^H 20 i 8 produced (Gintl, W.il.B. 
69, 554). This compound dissolves in excess of 
NHgAq, and on heating decomposes, giving 
(NH,)^FeCy«Aq, NH^Aq, Ag.FeCy,, and N. 

Sodium ferricyanide Na 3 FoCy,j.HaO. 
Ruby-colourod deliquescent prisms; obtained’by 
oxidising Na^FeCy^Aq by Cl and evaporating. 
S. 18-9 cold water, 80 at 100’’ (Bette, A. 23, il5; 
Reindel, J. pr. 102, 43; Kramer, J. Ph. 15, 98). 

Tinferricyanidcs\ stannousfcrricijanide 
Sn 3 (FeCyu). 2 , gelatinous pp. by adding KjFeCy^Aq 
to BnCl.^ solution. Wyrubow (A.Ch. [5] 8 , 444) 
gives the formula Sn5(FeCya)4.25H20. 

Ferrioyanides ot uramump vanadium^ and 


pounds as salts of a dibasic acid containing 
tlic groups NO and Cy in combination with Ko. 
The reaction between ferricyanhydrio acid and 
nitilc oxide is represented thus: H,FeCy„ 4 NO 
= H,FcCy,.NO -f llCy. lliul.»w (C. J. [2 j 4. 341) 
sJipposed that the nitroprnssides contained the 
group N.Oj, becauso NO^ does not change 
K,FeCyoA(f acidulated with H^SO,, whereas 
nitroprusside is formed by passing tlie gas 
evolved by heating starch witJi nitric acid into 
KjFeCy„Aq. Stiideler (Z. 5, 559) represents tho 
preparation of K nitroprusside by the action of 
nitric acid on Kil?oCy« (Playfair’s method) by 
the following equations (suppo.sing that H^FeCy, 
is first formed) (1) 2H4FeCy„Aq + HNO, 

= 2H,FoCy«Aq + HNO.,Aq + H,0; 

(2) 2H,FeCy.,Aq + 2HNOj 
« 2H.,FcCv..(NO) + 2fLO + Cy^. 
Regarding constitution of nitioprussides v. Kyd 
(d. 74, 340), Weith (Z. [2] 4, 104). 
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Nitropriissic acid HjFoOjN^O.Hp; pro¬ 
bably H 2 FeCyj.NO.H.^O {NUrofenicyanio acid. 
NUrofcrticyanhydric acid.) Obtained by doeoin- 
posjng the Ag suit by an equivalent quantity of 
HClAq, or the Ba salt by au equivalent of 
H.SO^Aq, filtering, and evaporating in vacuo. 
Burk red deliquescent crystals; very easily de¬ 
composed in solution with formation of HCy and 
Fe^O, (Playfair, Z.c.). 

Amviomuni nitroprusside 
(Nfl^).FcC5N,,0. Obtained by decomposing the 
Fo salt by NII^Aq, filtering and evaporating 
gently. Very unstable; solution deposits Prus- 
smii blue when boiled (l*la}fuir). 

li(Iriuinniiroptru 5 sirZe J>aFeC^N„0.;{II,^0. 
Obtained similarly to the Nil, suit. Dark red, 
very soluble, quadratic crystals ; give otf most of 
their if.O at 100" (P.). 

Calcium mt) opruaside 
CaFuC5lL0.4H^0; very soluble, easily deconi- 
poscd^c^stals (P.). 

Copper nitropitus ‘^ide CuFcC-NjO.2H^0; 
greenish pp. becoming grey on exposure to light; 
produced by adding solution of the K or Na salt 
to solution of a Cu salt (P.). 

Iron nitroprusside {feirous). Yellowish 
jiiiik pp. by adding K,FeC,NuOAq to a ferrous 
salt; ferric salts give no pp. Decomposed by 
alkalis. Probably Fe.FcC.,N,,0 (P.). 

Potassium nitroprusside 
K ,FeC,N„0.‘2Hj0 (P.; also Enz, Vierteljahr. 
Phurm.'l, 230). Prepaied similarly to the so¬ 
dium salt {q. V.). Daik led monoclinic crysluls. 
»S. c. 100 at 10" ; sol. alcohol. Veiy delnpieseeiit; 
solution .slowly deposits Piussuiu blue. The 
hd'.ir salt K^FeCjN\O.K_.O.Il._,() is obtaineil by 
mixing a solution of the normal salt with twice 
Us volmno of alcohol, and then adding j.otash. 
Jensen (J. Ph. I.'ij 11, 315) jircpared the salt by 
reacting on K^FeCy^ with Ca liypochlorito solu¬ 
tion. 

Silvernftroprusside Ag.FeCiNjO. Flesh- 
coloured pp. olilainod from the Na or K salt by 
adding AgNOjAq ; insol. water, alcohol, or 
llNO^Aq (P.). 

Sod I urn nitropi ussidc 
Na.FeC.N„0.2H^O. Tlie other nitroprussides 
are made from this salt. 

Preparation.—Four parts powdered K,FeCys 
are mixed witli c. parts nitric acid S.G. 1'3(), 
the cone, acid being diluted with its own volume 
of water. Tho acid is poured on to the salt in one 
f|uai]tity; the lowering of temperature is suHicient 
to moderate the reaction. The salt dissolves 
forming a colTce-coloured liquid, and evohing 
CO._ 5 , N, Cy, and HCy ; the liquid i^ placed in a , 
large flask, and warmed on the water-bath so 
long as gases are evolved, and until the liquid 
gives a dark green or 8late-coloured*pp., instead 
of a blue pp., with a ferrous salt; on cooling, 
uystals of KNOj mixed with a little oxamide are 
deposited; the mother-liquor is neutialiscd by 
Na^CO, (if KjCO, is used, K, nitroprusside is ob¬ 
tained) and boiled ; it is then filtered, and 
evaporated at c. 40“, or better in vacuo, until 
crystallisation beginson cooliHg; the KNO,sepa¬ 
rates, and the mother-liquor yields the nitro¬ 
prusside which is purified by rocrystallisalion 
from water, the prismatic crystals which foirn 
being removed from the hot liquid, dissolved in 
a little hot water, and allowed to crystallise by 


j cooling (in this way the KNO 3 is separated) (P.; 
cf. Weith, A. 147,312; Overbeck, Ar. Ph. [2J 72, 
270; Roussin, J. 1852.4.38; Scliafarik. W.A.B. 
47, 262). 

Properties and Reactions. —Large ruby-red 
triclinic*prisms; non-dohquescent. S. c. 40 at 
15". Does not lose water at 100® (P.; also 
RammelsbergjP. 87,107). 1 . Aqueous solution 
decomposes rapidly in sunlvfht or on heating 
with ppn. of I’russian blue (Kouasin, J. 1863. 

I 300).—2. £Zgcfroh/Aisalsopro(luc<’S Prussian blue 
(Schlagdenhauffon, J. ]KG3. 305 ; Weith, A. 147, 
312).—3. An alkaline solution acts as an ener¬ 
getic oxidiser (SUdclor, A. 151, i).-4. Boiled 
v'lth alkalis FejO^H,, is ppd., N evolved, and the 
I .solution contains a nitiitc and a ferrocyanide.— 
5. Sufidiuretted hydioi/cn pjils. S and Prussian 
blue, and Na.FoCy,, remains 111 solution.-0. 6 'o- 
dium amalgam, in presence of acetic acid, pro¬ 
duces a yellow colour, and alcohol causes a pp. 
in this liquid (for details v. Weith, A. 147, 312). 
7. Oxidiseil toNaNO, and M a ,FeCy„ by 
permanganate in alkaline solution (Weith, l.c.). 
S. Becompo.sod by chlorine when heated with it, 
or when exposed to fiunlight (Davy, C. N. 38, 
105).- 0. Decomposed by bromine at tempera¬ 
tures aliove 100" (Weith. Z.c.).—10. Easily decom¬ 
posed by cone. su\phnncacul.—ll. W/ilhsoluble 
metallic .mlphules, including NH^ sulphide, a 
dei'p purple colour is produced ; the liquid soon 
becomes turbid, and pjits. S and Fe,0„ while 
NaNO.^, Na,FeCy,,,and NaSCy remain in solution. 
If an alcoholic solution is used the coloured 
body siqiurntcs in oily drops, which gi\c a green 
powder when dried in vacuo (Playfair). 

Zinc nitroprusside ZuFeCjN^O. Yellow- 
rose pp. by adding K^FeC .NgOAq to solution of a 
j Zn salt. 

] I’nuiKKiiocvANiDKs. Whcii K^FeCy„Aq is 
I boated with I a grconish-ltrowu liquid is formed, 

1 fiom wliich alcohol ppts. a cry^tullioc salt; this 
: salt dissolves in water foiming a dark reddish 
violet liquid (Hladolcr, A. ihl, 1). The salt is 
{ better prepaied by mixing powdered K^FeCy^ 

I with KC10,„ adding HClAq, heating very gently, 
neutralising by Na.CO, after disengagement of 
gas has ceased, evaporating, ppg. byalcoliol.and 
again dis..olving in water and ppg. by alcohol 
(Boug, Bl. [2j 21, 2G8; Skraup, A. 189,368). 
The salt is nearly black ; it dissolves in water, 
is deep violet; the compound is very unstable, 
soon giving off Cy; oven in the daik it changes 
' colour to greenish black, and then dissolves to 
form a green solution. Doih'd wilh water it 
forms K^FeCy„Aq and Fe^(01i)„. An aqueous 
solution of this salt gives green pps. with many 
metallic salts; it ads as an eiieigetio oxidiser. 
Nitric acid forms K nitroprus«;ide, K„FeCjN,0. 
The salt probably has the composition K .FeCy„; 
if this is established tlio relation of potassium 
pcrferricyamde to potassium ferrieyanide is 
similar to that of the fer*!- to the fcrro-cyanide 
(KjFeCy^, K,FeCy„, K,l'VCy«). 

.Lanthanum cyanide, LaCy.,(Frerichs a. Smith, 
4.191,365). A gelatinous pp., formed by adding 
solution of La,.(SOJ, to KCyAq; forms double 
cyanides, c.g. 2LaCy,.3PtCy2.18H.^O. 

Lead cyanides, No cyanide of Pb has been 
isolated. Pb salts are not ppd. by HCNAq; but 
if NH, is present a white pp. of lead oxycyun'de 
PbCy.^2PbO is obtained (Erlenmeyer, J.pr.i9t 
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35C; Kugler. A. CC, C3). KCyAq adikil to Pb 
salts gives a pp. insoluble in excess of KCy. 
Joannis (0. JR. 93, 271) gives the thermal data 
[Pb, O^N*, 2PbO, H*0]-17,800 (formation of 
solid PbCyi^2PbO.H^O from gaseous Cy, and 
other materials as solids). Bammelsberg (P. 42, 
114) says that addition of ZnCy2.2KCyAq to solu¬ 
tion of a lead salt ppts. PbCy^.ZnCyj. The chloro- 
cyanide 2PbCy2.PbCla is described by Thorp 
(Am. 10,229) as obtained by digesting PbCU witli 
KCyAq. 

Magnesium cyanide. Not isolated; solution 
of MgO in HCNAq soon decomposes with evolu¬ 
tion of HCN (v. Schulz, J.2^‘ 08, 257). 

Manganese cyanides. No simple cyanide of 
Mn has been certainly isolated (Katon a. Fitllg, 
A. 145, 167). Several compounds are known 
which are best regarded as salts of viantjano- 
cyanhydric acid H^MnCy„, which aiad has itself 
been isolated, and manaanwiianhudi ic acid 
HjMnCy,. 

Manganocyanhydric acid H,MnCy,. 
Obtained by decomposing the Pb salt by IkS, 
filtering, and evaporating vi vacm ov<u- JPSd,; 
insol. in ether, si. sol. in alcoliol (T)cseninps, 
A. Ch. [6] 24, 178). The Pb salt is obtaineil by 
adding Pb{C^H, 02 )Aq to a freshly-puparod 
solution of K^MnCyg, which is itself formed by 
adding 10 grams manganous acetate to 40 45 
grams KCy in 100 c.c. almost boiling water, and 
then adding 15-20 grams KCy, and dissolving 
the crystals of K^MnCy^ (which separate on 
cooling) in water (Christensen, J.'pr. [2] .31,103). 

Manqanocyanides. K^MnCyB.OILO (for 
preparation v. sapm); deep-blue qna(h;'.tic 
crystals; lose CH^O over H,SO,; may be crystal¬ 
lised unclianged from a little KCyAq (Eaton a. 
Fittig, A. 145, 157; Deseamps, J. Ch. [OJ 21, 
178). Freshly-prepared solution of tliis salt gives 
pps. with most metallic salts ; the following are 
soluble in water and cryatallisable: -Ba.MnCy,,; 
BaKjMnCy, ; Ca^MnCy,,; Na,MnCy,,1011^0 ; 
SfjMnCyB (E. a. F., l.c .; 1)., lx.). Addition of I 
to K^MnCy^Aq ppts. all Mn as hydioKide (Beil- 
stein a. Jawein, B. 12, 152.S). According to 
Descimps (A. Ch. [5J 24, 178) passage of NO 
into inanganocyaiiides produces salts analogous 
to nitroprussides (g. v. p. 340). 

Mangameyamdes. K,MnCy. is obtained i 
by allowing solution of K‘,^^nCyrt m KCyAq to i 
oxidise in air (Eaton a. Fittig, A. 145, 157); or; 
by adding manganous acetate to warm KCyAq 
until the liquid is deep-red, liltcring, and cool¬ 
ing (Christenson, J.pr. [2] .31, 1C3). lleddish- 
brown needles, isomorphous withKjPeCy. (Kam- 
melsberg, P. 42,112; Handl, W. A. B. 32, 240). 
By long boiling with water all Mn is ])pd. as hy- i 
droxide. Other manganicyanides d(;‘^cribed arc 
Ba8(MnCy,)j, Cas(MnCya) 2 , and Na 3 MuCya. 2 n 20 
(Eaton a. Fittig, A. 145,157). The manganicy- 
anides are reduced to manganocyanides by Na- 
amalgam (Descamps, A. Ch. [6J 24,178). 

Mercury cyanides. Only one cyanide of Hg 
is known, IlgCy^; it forms very many double j 
cyanides, and also combines with many other 
salts to form double compounds. When HgD is 
heated with HCNAq, HgCy^ and Hg are formed. 

Mercuric cyanide. HgCy.^. Prepared by 
boiling Prussian blue with HgO and water; or 
by boiling 1 part K,FeCv.,with 2 parts IlgSO, 
%od bparta water; or by Ui.'^solviiigiJgO in slight 


! excess of HCNAq and crystallising. White 
i quadratic prisms (De la Provostaye, A. Ch. [3] 

; 6, 159; Kopp, Einlntung in d. Krystallog. p. 

I 163). S.G. 4-0 (Schroder, B. 13, 1070). Very 
I poisonous. Sol. in about 8 parts water at ordinary 
■ temperature, much more sol. in hot water, insol. 

I in absolute alcohol. When heated gives Hg, Cy, 
and paracyanogen (Johnston, A. 22,280; Troo.st 

а. Hautefeuille, C. i2. 06,735, 796). Solutionnot 
ppd. by alkalis; but readily decomposed by HjS, 
also by HClAii; very sliglitly dcccrajiosed by 
other dilute acids in the cold (Plugge, Fr. 1879. 

' 408). Decomposed by hcatifig with cone. JESO^; 
decomposeti by Cl, lir, and I, giving ITgOl^, Ac., 
and CyCh Ac., action of Cl*18 attended with ex¬ 
plosions (Bonis, A. 5(5, 267 ; 64, 305; Weith, li. 

б, 1705; Serullas, A. Ch. 35, 293; Stenhouse, 
1/1.33,92). H.F. [Hg,Cy'] »18,950; [HgCySAqI 

= -2,970 i'i'h. 3, 512). 

Mercuric oxycyanide Hg^2-HsD. 
Small needles, formed by dissolving *HgO in 
warm HgGy.,Aq, and crystallising. Very slightly 
Bol. in \\at<'r; explodes when heated (Jolunston, 

1 T. 1839. 113; Scliliepcr, A. 59, 10; Claike, B. 

I 11, 1501). Joannis (0. B. 93, 271) gives tlie 
j tlicinml data |JfgCy'-,HgO] -2,400. 

I Double cyanides containing mer¬ 
curic cyanide :—HgCy2.2KCy ; obtained as 
tramspaicnt octahedra, unchanged in air, by dis¬ 
solving llgCyjin hot KCyAq and crystallising, or 
bv hea lingHgCy..with HlJyAq and K„CO^(Get! l he\-. 
A. 106, 211). il.F. i]Ig,Cy-,2KCyAqJ-27,780: 
[ngCyV2KCyAq] = 8,830 ; [IIgCy-Aq,2KCyAqj 
= 11,800 {Th. 3, 472). Dissolves in c. 4 parts 
cold writ'-r ; solid Ion gives pps. with soluble salts 
of kjn,Pb,<tc., these pps. being double cyanides of 
Hgatid the other metal; the following have bciui 
isolated 31 IgCy..2CdCy., (Schuler, /I. 87, 46); 
HgCy..n;;0.7AgCy (Blox'am, B. 1C, 2609) ; 
IIgCy,.N(Crid^Gy (Claus a. Merck, B. 10, 2737). 

Double compounds of mercuric 
cyanide with metallic salt's (Desfosses, 
J. Chim Mihl. 6, 261; Geuther, A. 106, 241; 
Dexter, C. C. 3862. 597; Brett, P. M. [3] 12, 
235 ; Poggiale, C. H. 23, 762 ; Liebig, 6’. 49, 253; 
Weeron, P. 93, 161; Claike, B. 11,1504; Ahldn, 
Bt. [2] 27, 365; Caillot, A. Oh. [3] 12, 235; 19, 
220; Berthemot, P. 22,620; Kletzinsky, Z. 1866. 
127; Nylandev, J. pr. 79, 379; Wohler, P. 1, 
231; Kes.slcr, P. 74, 274 ; Caillot a. Podevin, J. 
P/i. U,24G; KainmeUberg, P.42.131; 85,145; 
Darliy, A. 65, 204; Kane, A. 35,356 ; Bockmann, 
A. 22, 153; Philipp, P. 131, 80; Winckler, 
Buchuci's liepeit. 31, 350; Claus a. Merck, B. 
16, 2737 ; Custer, A. 68, 323 ; Apjolin, P. Af. 9, 
401). 

I. WithcMoride&\ with NH,C1, BaCL, CaCI^, 
MgCU SrCl^. NaCl, MnCL, ZnCl., (Brett, Poggiale); 
with kCl (Defosses, Geuther, Dexter); with CoClj, 
FeClj, NiCbj, SnCl, (Poggiale, Dexter) ; with 
HgClj (Poggiale, Liebig, Weeren, Clarke); with 
chlorides of Ce, Di, Sr, La, and Y (Alileii). 

II. With bromides : with BaBrj, SrBr^, NaBr 
(Caillot); with CaBr^ (Custer); with ICBr (Brett, 
Caillot, BertliemoD. 

III. With iodides: with Cal^ (Poggiale); with 
Bal^, SrL, Nal (Custer) ; with KI (Apjotin, 
Caillot, Geuther, Kletzinsky). 

IV. W’Uh otJier vietalhc salts : with KCIO, 
(Poggiale); with nitrates of Cd, Co, Cu, Fe, Mn, 
Ni, Zn (Xylander); with AgNOa (WOhler. Gen- 
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iher); with HgKO,, (Gcnther) ; «with 
(Kessler); with KjO^O^ and AgjC^jO, (Caillot a. 
podevin, Bommelsberg, Darby); with K^FcCyo 
/Kane); with sulphooyanides of Ba, Ca, Mg, K 
(BSckinann, Philipp); withH.COjNH* (Poggiale); 
with H.COgK (Winckler); with Na.C.^HjOa (Ous* 
ter). ... 

V. With organic ammonium derivatives and 
alkaloids. HgCyj reacts with N{CH,)J to 
form two isomeric compounds: a white salt 
HgCya.N(CHj) 4 l, and a yellow salt 
HgCyI.N(CH,) 4 Cy (Clans a. Merck). HgCyg 
forms double compands with aniline cyanhy- 
dride, with iodo-ethyl quinine, iodo-ethyl cin- 
chonidine, and iod^-ethyl strychnine (Claus a. 


Merck). j 

Kickel cyanides. Only one cyanide of Ni is 
known,NiCyj; it forms several double cyanides; 
neither nickelo-cyanides nornickeli-cyanidescor. 
responding to the cobalto- and cobalti-cyanides 
have b#sn isolated. 

Nickelous cyanide NiCy^-xR^. Apple- 
green pp. obtained by adding KCyAq to solution | 
of a Ni salt, or HCNAq to Ni acetate solution, i 
Loses all water at c. 200°; at higher temperatures 
decomposes, evolving Cy and N, and leaving Ni 
and a carbide of Ni. Soluble in excess of KCyAq 
to form NiCy2.2KCy (Wohler, Gehlen's Jouni. 6, 
234; Rammelsberg, P. 42,114). 

Double cyanides containing nickel* 
ous cyanide. KiCy 2 . 2 KCy.H 2 O; obtained by 
adding excess of KCyAq to solution of a Ni salt, 
evaporating, and crystallising. Bed-yellow mono¬ 
clinic prisms ; S.G. 1*870 at 11®. Loses all water j 
at 100°. Solution decomposes slowly on heating I 
(Balard, C. R. 19, 900; Ilammolsberg, P. 42, . 
114 ; 90, 35; Clarke, J. 1877.43). The following 
double cyanides have also been isolated: 
NiCy 2 . 2 NIl 4 Cy (Wohler, Oehlcn's Joum. 6,234); i 
NiCyj.BaCyj. 3 H 2 O (Wohler, l.c .; Weselsky, B. 2, ; 
688; Mouthiers, A. 64, 297); NiCyj.CaCyj.xHjO j 
(Wohler, l .^); NiCy 2 . 2 NaCy. 3 iI. 2 O (Wohler, l.c .; ' 
Bammelsberg, P. 42, 114); NiCy 2 .SrCy 2 .xR 2 O 
(Hand!, W. A. B. 32, 240). Solutions of these ; 
doable cyanides are decomposed by dilute acids | 
with ppn. of NiCyj, and evolution of HCy; HgO | 
decomposes them ppg. NiCyj and NIO; Cl or 
Br ppts. Ni 20 s. 

Niobium cyanide. No cyanide of Nb has been 
isolated. When NbjOj is strongly heated with 
NajCOj, and charcoal in a current of air, a metal¬ 
like solid is formed resembling the compound of 
Ti with Cy and N; this solid is possibly analogous 
in composition to the Ti compound (u. Titanioji 
cyanides) (Joly, C. R. 82,1196). 

Osmium cyanides. One cyanide of Os, OsCy., 
ind osmocyanhydric acid H403Cy, and some of 
its salts, have been prepared. 

Osmous cyanide OsCy,. Dark violetsolid 
obtained by ooiitinucd boiling H 40 sCy, with 
UClAq (Martius, A. 117, 367). 

Osmocyanhydric acid H 40 sCyfl. Ob¬ 
tained by adding cono. HOlAq to E 40 sCy„Aq 
(q.v.), collecting the pp. which forma, washing 
it with cone. HGlAq, and crystallising from al¬ 
cohol by adding a few drtps of ether. White 
hexagonal prisms; unchanged in dry air; in 
nioist air decomposes to OsOy, and HON; sol. 
in water and alcohol, ppd. by a little ether (Mar¬ 
tius, A. 117, 357). 

Osmocyanides. K 40 sCyj. 8 Ug 0 j prepared 


by dissolving 1 part osmic acid in KOHAq until 
the liquid remains feebly alkaline, adding H 
parts KCy, evaporating to dryness, heating in a 
closed vessel, dissolving in water, and crystal¬ 
lising once or twice (Martius, A. 117,357; Claus, 
Beitrdgfi z. Chemie d. Platinmetalle [Dorpat, 
1864], or J. 1855. 444; Claus, J. 85,129). 
Yellow-white plates isomorphoua with K 4 FeCyj 
(Claus, J.pr. 85,129). The following osmocyan- 
idos have also been described: BajOsCyg.GHjO 
(Martius, A. 117, 357); BaK. 20 sCy,. 3^0 (Mar* 
tius, l.c.). K 408 CyaAq gives pps. wi^ many 
metallic salts. 

Palladium cyanides. Two cyanides of Pd, 
PdCyj and PdCy 4 , are known. Several double 
cyanides of PdCy, have been prepared. They 
may be regarded as derivatives of the hypothe¬ 
tical palladium-cyanhydric acid HjPdCyi; this 
acid has not been isolated, but the analogies in 
crystalline wrm and general properties between 
the double cyanides of PdCyj and those of PtCy, 
point to the Pd salts as being derived from 
HjPdCy,; the acid H 2 ptCy 4 is known. 

Palladous cyanide PdCyj. Yellow-white 
pp. obtained by adding HgCyjAq to neutral PdCl, 
solution. Decomposed by heat to Pd and Cy; 
not decomposed by ordinary acids nor by HgO; 
soluble in NH^Aq, from which solution the com¬ 
pound PdCy.M 2 NHa separates in white needles; 
soluble in KCyAq forming PdCyj. 2KCy (Berzelius, 
P. 13, 460; Fehling, A. 39, 119; Bossier, Z. 
1866.175). Joannis (C. R. 95, 295) gives some 
thermal data: [Pd,Cy''^=*23,600 (solid PdCy, 
from gaseous Cy and solid Pd); [PdO,2HCyAq] 
« 44,800 (giving solid PdCyj). 

Palladic cyanide P<lCy 4 . Beddish pp. 
easily decomposing with evolution of HCN; ob¬ 
tained by shaking HgCyjAq with PdCl 4 . 2 KCl. 

Double cyanides of palladous cyan¬ 
ide, or pallado-oyanides. PdCy 2 . 2 NH 4 Cy 
(or (NH 4 ) 2 FdCy 4 ); obtained by adding HgCyjAq 
to an ammoniacal solution of a palladous salt; 
paid to bo ppd. by • adding HCNAq to 
PdCl 2 . 2 NH 4 Cl (Croft, J.pr. 104,64; v. alsoKossler, 
Z.18m. 176). rdCy2.UaCy2(orBaPdCy4).4H20; 
large greenish monoclinio prisms; formed by 
adding HCNAq to a mixture of PdCy, and BaCOj 
(Rdssler, Z. 1860. 175; Weselsky, B. 2, 688 ). 
PdCy 2 . 2 KCy (or K^PdCy 4 ); obtained by dissolving 
PdCyj or Pd black in KCyAq, and crystallising. 
Crystallises with 3 II 2 O in while monoclinic crys¬ 
tals, or with HD in lustrous tablets (Bossier, Z, 
1866.175). The followingdoubleoyanidesarealso 
described by Bossier (Z.c.); PdCy 2 .CaCy 2 . 4 H 2 O; 
PdCy 2 .CnCy.; PdCy 2 .PbCy 2 ; PdCy 2 .MgCy 2 . 4 H 2 O, 
this compound forms the complex cyanide 
MgPdCy4.MgPtCy4.14njO (Bossier); 
PdCya-HgCya; PdCy2.2AgCy; PdCyj.2NaCy. 
Most of these double cyanides are isomorphoua 
with the corresponding platinocyanides which 
are derivatives of the acid H 2 PtCy 4 . Solutions 
of the Pd double cyanides are decomposed, slowly 
in air, more quickly by acids, with separation of 
PdCy,; H..S ppts. PdS; Zn ppts. Pd. 

• Platinum cyanides. Platinum cyanide PtOy, 
is known; also platincyanhydrio acid H 2 PtCy 4 , 
and many salts derived therefrom; there are also 
several compounds which may be regarded as 
additive compounds of the platinocyanides with 
halogens, or better as derivatives of perchioro- 
{bronuh or iodo-) platincyanhydrio acid 
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and finally there are some com¬ 
pounds of doubtful composition. 

Platinous cyanide PtCy.^. Obtained by 
heating PtCy^.‘2KCy (prepared by heating KCyAq 
with cone. PtCl^Aq, or by wanning I’tCl,.2NfI;Cl 
with KCy and a little KOH) witli HgCl.^ or by 
heating PtCy..HgCy 2 (prepared by adding 
HgCljAq to Pt'Cy..2KCyAq) (Ddbereiner, A. 17, 
250; Quadrat, A. 63, 161). Also fonni-d by 
heating PtCy2.2NH,Cy to 300° (Schafank, J. yr. 
66 385); also by heating PtCy...2KCy with cone. 
HjSO, (Knop a. Schnedeimann, J. pr. 37, 161); 
also by ppg. neutral PtCl^Aq by llgCy Aq (Iloss- 
ler, 1866. 176); also, along with otlier pro¬ 
ducts, by heating H-PtCyg with HNO,Aq (Scha- 
farik, l.c.). Sulphur-coloured solid; iii'^ol. in j 
water, acids, and alkalis; when heated gives Cy ' 
and Pt; dissolves in alkali cyanides forming 
platinoeyanides; when freshly ppd dissolves in 
NHgAq. 

Platinocyanhydric acirf IT.PtCy,. HCN | 
is passed into a mixture of 1 part with 1^ i 
parts JJaCO, suspended in .5 parts water kept i 
nearly boiling; the passage of llt’N is coiilmuod | 
so long as CO^ is evolved ; J3al’t’Jy,.'lII^O crys- ' 
tallises out on cooling; this suit is dissolved in j 
water (1 part dissolves in 33 parts water at IC°), j 
and an equivalent«iuantityof ll,SO,Aq is added; | 
the filtrate from tlie ppd. is evaporated 

at a gentle heat and erybtalli -ed (Weselsky, J. pr. 
69, 276). Or CuPlCy, is prcparcil by adding 
PtCy2.2KCyAq to Cii(NOj)pVq, and the Cu salt is 
decomposed by HoS (Quadrat, A. t>3,164). Crys¬ 
tallises with 5H,.0 in cinnabar-red prism.s with 
blue sheen on surface, or with more tlian 5U^O 
in yellow-green, metal-like crystals, or in blue- 
black needles. Deliquescent. Very sol. in water 
and alcohol. Heated, decomposes aliove 140° to 
HCN and PtCy^. Carbonates arc decomposed i 
by HPtCy,. 

Platinoeyanides. Those salts generally 
form very beautiful dichroic crystals; the soluble 
salts may be prepared by decomposing BaPtCy^ 
by the various metallic sulpliates ; the insoluble 
platinoeyanides may bo formed by adding the 
various metallic salts to K,PtCy,Aq. 

Ammonium platinocyamde 
(NH<)2PtCy^.H20. White, translucent needles; 
crystallises with 2TLO as yellow prisms; both 
with blue reflection. V. sol. water (Soliafarik, 
J. 66, 385 ; Quadrat, A. 63, 164; Knop a. 
yehnedermann, J. pr. 37, 461). An hydroxyl- 
ammonium salt (KH/))PtCy4.2fTOis known; 
and also the double salt 
(NH 4 .NH 40 )PtCy*. 3 ,lH 20 (Scholz, M. 1, 900). 

Barium platinocyamdc lial’tOy^.lHjO. 
Prepared by passing HCN into 5 parts almost 
boiling water holding 1 part PtCljand 1' paits 
BaCOj in suspension, until CO^ ceases to be 
evolved, and crystallising (Woseisky, J. pr. 69, 
276); PtCl 4 may be used in place of PtCl,, in 
which case 0 is evoIved{PtCl,-f 3BaCOj,H 4HCN 
= BaPtCy^ + 2BaCl2 + 2 II 2 O + SCO.: + 0 ; Wesel- 
aky, tT. pr. 103, 566). Monoclinic prisms. S.G. 
3*054 (Schabus, W. A. B. 1850. .582). Crystals 
appear green in direction of principal axis, and 
sulphur yellow with blue-violet sheen in direction 
at right angles to this. Soluble in 33 parts water 
at 16°, considerably more sol. at 100°. Loses 
all water at 180°, and begins to decompose. 
Eorma double compounds, BaPtOyi-ICBtCy, 


(Martius, A.^ 117, 357), and BaPl0y4.Bb2pt0y* 
(Ditscheiner, W. A. B. 60, 373). 

Magnesium platinocyanide 
MgPtCy4.7H20. Prepared by adding MgSOjAq 
to BaPtCy4Aq, filtering, evaporating to drynes.*!. 
dissolving in a boiling mixture of alcohol and 
ether, and crystallising. Bed quadratic prisms, 
showing greenish on the surfaces near the middle 
of the crystals and blue near the extremities 
(Haidinger, P. 77, 89; Werther, J. pr. 76, 186; 
Greiss, P. 106, 645). At 40° loses water, turning 
yellow. The yellow salt may be obtained in finp 
crystals by evaporating an alcoholic solution of 
the salts with 7HD over H2SO4; the crystals 
contain 5Hp (Weitiior,,/. pijj, 76,186). Becomes 
colourless at c. 100°; at 150° still contains 2H D; 
dehydrated at 200°-230°, becoming orange yeliow 
(Werther, l.c.). (For more details v. Schafarik, 

J. pr. 66, 385; Quadrat, A. 63, 164; 70, 300; 
Weselsky, J. pr. 69, 276.) 

Mercuric platinocyamdc HgPtCyj. 
White pp. obtained by q<lding ilgCLAq to 

K. PtCy^Aq (Schafank, J. pr. 66, 385). 

Platino •ammonium platinocyanide 
PtPtCy4.4NIl4. {Plathio-cyano-diplatoso-am^ 
monium. Ammonium-plahnammonium plaiino- 
cyanide.) White pp. obtained by adding KCyAq 
to ammoiiiacal PtCl, solution. With AgNO,Aq 
forms Ag.,PtCy4 and Pt(NO,)2.4NH, (Knop a. 
Schnedermann, J. pr. 37, 4(>i ; Buckton, A. 78, 
328). 

Potassium platinocyanide 
KoPtCy^.SILO. Clear yellow rliombic prisms, 
with blue appeamnee in dlroetion of princi})al 
axis. S.G. 2-1548 at 16° (Clarke, J. 1877. 4.i). 
Effloresce^? in air, becoming nearly white with 
I slight orange tint. Does not ilucompose at c. 60(f°. 
SI. sol. cold, V, sol. hot, water. Decomposed by 
H.^SO^Aq in the cold, giving PtCy^andCO*. Solu¬ 
tion gives white, pp ^/ltil me rcurous salts with 
[ Hg not in excess, and a blue pp. with cxce.s? 

! of Hg salts ; tiiis reaction chara,''terises pla- 
! tinocyanides. The ?alt may bo obtained by dis- 
! solving riCl4.2NII,Cl with a little KOI! in a 
cone, boiling solution of KCy, and crystallising 
from uater (Martins, A. 117, 357). It is also 
produced by boiling Pt black with cone. KCyA<i 
(Dcvillea. D ‘bray, C. /?. 82, 2 U); also by boating 
a mixture of Pt black and K,FeCy„ nearly to red¬ 
ness, treating witli wat'^r, filtering, evaporating, 
and rocrystallisingfrom water the crystals which 
separate. 

Silver platinocyanide Ag>PtCy4. White 
j pp. by adding AgNO^Aq to K^PtCyiAq. Com- 
I bines with NHj to form Ag2l’tCyi.2NlI, (Knop a. 
1 Schnedermann, J. pr. 37, 461); prepared by 
! adding K.PtCyiAq to arnmoniacal AgNO.,Aq. or 
to a solution of AgCO^ in (NHJjCOaAq. Sol. 
dilute NH.Aq., not in water. 

Besides the preceding platinoeyanides, tlio 
following have been isolated:—CaPtCy,.5II;0; 
and CaPtCy4.K,PtCy4 (Dobereiner, A. 17, 25fi; 
Martius, A. 117, 357; Quadrat, A. 70, 300). 
CdPtCy4; CdPtCy4.2NII3.H2O; and PbPtCy4.a:Il20 
(Martius, f.o.). CuPtCy4.arH20; 
CuPtCy,.2NH3.H20f Na2PtCy4.3H20; 
NaK.PtCy4.3H.O; SrPtCy^.fiH^O (Schafarik, J. pr. 
60, 386; Quadrat, A. 63, 164; Martius, l.c.). 
Ce.(PtCy4)3.18II,0; La2(PtCy4)3.18H20 (Czudno- 
wicz, J. pr. 80, 16). CoPtCy4.2NHj; 
NiPtCy,.*2NTI..H.O; ZnPtCy4.2NH,.n20 (Knop 
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ft. Schnederraann, J. pr. 37, 461). 
l)i.(Pt0y4),.18H.,O (Cl^ve, Bl, [2] 21, 246). 
Er,(lHCy,),.21H,0; Y,(PtCy,)3.21lI,0 (016ve a. 
Hocglund, Bl [2] 18, 197). Li,PtCy,.a;H,0; 
Li(NH40)PtCy4.3H.p (Scliolz, M. 1, 900). 

Jlh ,PiCy4.a;H.40 (DUsoheiner, W. A. B. 50,373). 
TI,PtCy4; TijPtCy^.TI.CO, (FriswoU, A. 159,383; 
F. a. Greenaway, JB. 10,1858). Th{PtCy4)^.16H.,0 
(Cleve.Z?/.[2J 21,110). 

The salts (Nn,Me),PtCy4, (NH.Et),PtCy„ 
{NII,Ht,),PtCy4, and (NIIEtJ.^PtCy,, have Ixhmi 
ifiolatod (Debus, A. 128, 200; Scholz, M. 1, 900). 
Et^PlCy, is describei by Than {A. 107, 316); 
ahc salts 01 aniline, paratolnidine, and a-naph- 
thyhimino (Scholz, i*c.). Saits of alkaloids are 
aUo known {v. Schwarzcnbach, Vte7teljahr. 
Fhai iib. 0, 422; Delfs, Fr. 3,152). 

Halogen addition products of pin- 
tinocyanidcs, or salts of porchloro-, 
perbromo*, and periodo- platinocyanhy- 
dric acid. These salts have the general form 
• P'1 Pn Ni A1 

MPtCy4.X,whGroM = K, Na, y, - ^ &c., 

and X---CI, Br, or I. They wore first obtained 
by Hadow /(?• 13, liHi), and liave b s a 

examined also by Blomsliand {J. pr. f2J 3, 207), 
and by Holst {HI. [2J 22, 347). Alkalis, or 
AgNOjAq, withdraw halogen from those salts 
le-producing the ))!al.inooyaiiides. These salts 
give white pps witii oxeessof lIgNO|Aq, whereas 
plalinocyanidcs give bluj pps. under sanio con¬ 
ditions. When cone, solutions of the ])cvhaloid- 
platinoeyauido.H are mixed with cone, solutions of 
plutiiiocyanides, double conipoimds of the form 
5.M/'‘LCy4.M;,PtCy,X;, am ppd. (u. Ciir.ouo- Ac. 
riAii.vocTA,Nii)i':s, infra). Tlieso salts bleach in 
presence.of alkalis; tliecliloro- uiidbromo- salts 
decompose KI. 

i-'oGt.i.s pc.rchloi oplati7iocy(X7iidc 
K.dhCy,.CL.2TI,() (Knop a. Sclmedcrmann, J. pr. 
37, -IGl). 'Jiliis salt was formerly regarded as 
PiCy,.2K()l, i.e. as a double eornpoiind of KOI 
with the h} potliotical PtCy,; but tbo rosearcdics 
of lladuw siiow lliat it is rather to be looked on 
as the final product of the reaction of Cl with 
Kd'lCy,, tlie intermediale product being tlie 
salt(desi;ril)cdbolo\v)5ICd’t(!y,.K,PtCy4.Cl.., whicli 
is called by Iladow polassiioii-chloiophUiiio- 
eijam/k. Potassium porchloroplatinocyanidc is 
prepaicd by dissolving K-eliloroplatinocyanidc 
{q. V.) in nearly boiling aqnn rcyia and eavhtal- 
lising (K. a. S.), or by oxidising the same salt by 
KlVInO, in presence of IICl, evaporating at 100'’, 
mid crystallising. Large rhoinboidal tricliiuc 
]>latos; V. sol. water and alcohol; very i‘lfior- 
escent; healed {;ives oil Cy, leaving KCl and 
luPtCy,, and at a higlierleniperature gives KCl 
and Pt. Partially reduced by Zn mid NH,A(j, or 
by SOAq, to mixture of K..PtCy,andCK;jPtCy4.Clj 
(K-chloroplatinoeyanide). When cone, solution 
of K,l’tCy,.Cl.^ and KjPtCy, arc mixed crystals of 
the chloroplatinocyanide (5K3lUCy4.K.PtCy4.ClJ 
are deposited. 

The following perchloroplatinocyan- j 
ides have been isolated, iJbsides the K salt: — I 
(NH,),X.2H,0; BaX..5H„0; CaX; MgX.a;fI,0;' 
MaX.2H,0 (Holst, Bl L2]'22,347) [X =PtCy4.Ci J. ' 

Perchloro ’ platinocyankifdric acid ' 
R,PtCy4.C4.4HjO (Holst, Ic.). Obtained by de- j 
eoniposnig tlie Ba salt (itself produced by passing j 


Cl into BaPiCy4Aq) by n^SOjAq, filtering and 
crystallising. White crystals; very soluble in 
water and alcohol. 

P crbronio-platinocyanhydric acid 
H.PtCy4.Br2.a;Hp (Holat, Ic.) is obtained by 
adding Br to BaPtCy^Aq and crystallising; it 
forms white crystals very sol. in alcohol and 
ether. 

Several perbromo-pi at inooyanidcs and 
some periodoplatinocyunides have been 
isolated; they are produced by the action of Hr 
or I on the platinocyanides; the salts of the 
alkahsand alkaline caiths are very soluble in 
waior and may generally be easily crystallised; 
molt of the salts of the heavy metals are insol. 
or only si. sol. in water. Holst (^.c.) describes 
the following :-[X = PtCy4.Br,] AL.3X.22H„0; 
(NH.).X; BaX..5H,0; BeX; CdX.a:H,0; 

; CoX.5H.O; J>bX.2H„0; Li,.X; MgX.a:H.,0; 

! NiX.a-ir.,0; iTX; Na,X; SrX.7iI„0; ZnX.5H,0. 

! Tho periodo- salts described by Holst are 
BaPtCyj.T-^rH^O, and KjPtCy*.!^. 

Double compounds of platinocyan- 
ides with perhaloid platinocyanides; 

■ or chlorO'Ac. platinocyanides,or ohloro- 
; Ac. platinidplatinocyanides. Thesesalts 
formerly supposed to be double compounds 
of KCl Ac. with the hypothetical 1‘lCy.,, of the 
foun JPPlCy., PtCy,.2MCy. They are pro¬ 
duced by the reaction of Cl, Br,UNO,, and other 
oxidisers, with the platinocyanides RLPtCyj. The 
change was sujtposed to be somewliat analogous 
to tliat wliich occurs when a ferroevanide 
(RI,i'’eCv,) is oxidised to afciricyanido (M,FcCyJ; 
thus 2K,l'’eGy„ + 0 = 2K,FoCy4 + K.O, and 
3iLt*tCy4+0-2K,lHCv, + rtCy, + K.,0.* In ac- 

cordance with this conception, the compounds 
wore called plaUnicyanidcs (and sometimes 
platinosi'sqmcya)udes when their composition 
was indicated by the formula Ptpy„.4MCy). 
Hadow (C. J. 13, lOG), however, showed that 
the salt of this series obtained by the limited 
action of Cl on KT’tCyj contained 01; his 
I analyses and methods of synthesis of tho salt 
i led him to give it the formula (K PtCy4)„Cl_„ and 
i to indicate its formation by the reaction 
(iKd’tCy^ + CL - G(K,l'tCy,)CL Tlie synthesis 
of the same salt by mixing cone, solution of K 
porchloroplatinocyanidc (KPtCy^CL) and K 
plalmuc>iuiide (Kd’tCyj) shows that the for¬ 
mula r)(K.PlCy,)Cl? is better written so as to 
indicafe tfiat the salt ie a double compound, 
viz. ;)K.l’tOy,.lLPtCy,.CI._,; this formula is con- 
firmi'd by the fact that re<lucing agents {e.q. 

: SO A(|, or Zn and Nll.Aq) decompose the salt 
to a mixture of K,d’tGy,.CL and lv2i’tCy4; more¬ 
over, tho salt in question reacts with excess of 
Cl to form K.PtCy,.Cl,, and with excess of I or 
Br to foim K.l’tGyi.L or IGPtCyj.Br.j, respec¬ 
tively. Holst (/>. 8,121) got results which show 
tliat although tho composition of the chloro- Ac. 
platinocyanides is always to be represented by 
the formula .rMTtGy4.^M2PtCy4.X2 yet the ratio 
of x:y is not always .5:4. 

• Botassium chloroplatinocyanide^ or 
Potassiumchlnroplatinidplatinocyan^ 
ide, 5K,Pt0y4.K.PtCy4.Cl2.21H,0 (Hadow, C. J. 
13, 106; Knop, A. 43, 111). Cl is passed into 
warm K^PtCy^Aq so cone, that crystals are depo¬ 
sited on cooling; tho crystals are dried between 
paper and r'crystulliscd from water acidulated 
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with UCI (Enop). Hadow dlridos a solution of 
K 2 PtCy 4 into 6 parts ; into^ he passes Cl until 
the liquid is saturated (KjPtCyj.Cl, is thus 
formed), he then adds the remaining § and eva¬ 
porates. Green prismatic crystals, with red 
motal-likc surface colour by rcfloctod light. Sol. 
in water giving colourless solution, insol. in 
alcohol. Gives off part of H^O over H.SO„ 
becoming black; loses ISHjO at 11)0® and the 
rest at c. 180°; when strongly heated gives off 
Cy. 

Holst (B. 8,124) obtained the salt 
10SrPtCy4.SrPtCy,.La-TT 0. 

Weaelsky {J. pr. 00,270) describes some salts 
obtained by the action of HNO,Aq on i)latino- 
cyanides; he regards these as platinocyunides 
or platinum sesquioyanidps (Pt..Cy^.4MCv); but 
it is very probable that they are analogous to 
Iladow’s double compounds of platinocyanidos 
with perchloro- Ac. platinocyanides, only that 
the halogen is replaced either by NO, or NO, (<'/. 
Hadow, C. J. IS, 100; also v. Martins, A. 117, 
Sr>7,for reaction of PbI’(Cy,wit)i UNO, whereby 
®PbPtCy«.yPbPtCy 4 (NO..) seems to be produced). 

The compound obtained by Hadow by the 
action of PbOj on K.PtCy^ in H.SO^ .‘>ulutiori 
seems also to belong to this class and to have 
the halogen atoms replaced by tJio ratlicle SO,. 

Potassium cyanide KCy. S.G. 1 ~>2 
(BOdeker). [K, ON]-= Co.yOO; [K, N, CJ = 32.500; 
[KCv, Aq]=-3,010 {Th. .3, 20“.); [KOHAq, 
HCNAq] = 2,770 {Th. 1, 100). 

Occunencc. —In blast fiunr.cos. 

Foiviation. —1. By fusing K in Cy or in 
HCN gas.—2. By fusing KCO, with nitro¬ 
genous carbon.—8. By passing N over a strongly 
heated mixture of C and KOII or K.COj.— 
4. By deflagrating KNO, wlh K acetate, tar¬ 
trate, Ac., especially by boating a mixture of 
KNO,, K^CO,, and KCH.O, (Doffosscs, A. CA. 
38, 158; Fownes, J. pr. 20, 112 ; Polbmek, A. . 
64, 296; Bunsen a. Playfair, J. pr. 42, 397; ' 
Keiken, A. 79, 77;. Laiiglois, A. Ch. [3] 52, 
.326; lioussin, C. It. 47, b75).—5. By passing 
NH, over a heated mixture of C and K.,COa or 
KOH ^Kuhlmann, A. 38, 02). 

Preparation. — 1. Ordinary commercial KCN 
(containing KCNO) is prepared by fusing 
dry K^FeCyg with K.,C 03 f 2 K 4 FeCy 4 + 2 K,,C 03 
= lOKCN + 2KCNO -r 2Fe -i- 2CO,]; the fused 
Tpass is poured off from the iron.—2. TICN 
gas is passed into alcoliolic solutinn of KOH 
(1 part KOH in 3 parts alcohol) (Wig;^< r.s, A. 
29, 65). An aqueous solution of pure KCN is 
obtained by passing HCN into KOIlAq.-— 
3. Nearly pure KCN is prepared by fusing 
dry K,FeCy« in absence of air, and treating 
with 60 p.c. hot alcohol (Geiger, A. 1, 40); 
[2 K,FeCyj = 8KCN + 2FeC., + 2N,; 

Properties. —Crystallises from alcohol, or by 
slowly cooling the fused salts, in white cubes, or 
octahedra, v. sol. in water; deliquescent; si. 
sol. in strong alcohol. ♦Very poisonous. Melts 
easily, and volatilises unchanged (in absence of 
moisture) at full red heat. 

Reactions.—!, Aqueous solution decomposes 
in air, slowly at ordinary temperature, rapidly at 
]00°, giving HCOsK and NH,.—2. Melted in 
uir forn.s KCNO.—3. Heated with metallic 
r>ridc.v gives KCNO and metal; thus acts as an 
CiieigeLic reducer, reduces oxides of Pb, Fe, 


' Sb, Sn, Ac.f Ac., when heated with them.— 
I 4. Heated with potassium chlorate or nitrate^ 
detonates violently.—5. Beduces alkaline sul> 
phates to sulphides by heating with them.— 

6. With solution of potas.Hi(m permanganaUf 
KCN forms CO,, HNO.„ HNO,, HAO„ H 3 CO 2 , 
and C02NH, (Schlagdenhauffen, J. 1863. 305), 

7. With alkali polysulphides, KCNAq forms 
KCNSAq.—8. With iodine in cone, solution 
KCN forms KI and Cyl.—9. With sodium thio, 
sulphate forms NaCNS.—10. With potash pro¬ 
duces NH, and HCOjK; heated to redness with 
KOH, ICCOj is formed and ^1 evolved. 

Combination. —1. KCNAq dissolves many we- 
tallic cyanides forming double cyanides, e.g, 
IlgCy,, AuCy, PtCyj, GujOy^, Ac. (v. various me- 
j tallic cyanides).—^. When S7ilphur dioxide is 
; passed into cold cone. KCNAq, two compounds 
' are formed, CNK.SO;.H_,0 and CNK.SOjKH.SO;} 

' they maybe crystallised (Etard, C. R. 88, 649), 
j Testing KCN for common irnyuritioS’ —The 
. chief impurities in ordinal KCN are KCNO, 
I K,CO„K,S, KNCS, KHC02,K4reCy„K2S0o and 
I ICCl. KjCO j,)s detected by treating with alcoliol 
! at 80® and examining the insoluble portion by 
1 the ordinary tests. K_.S; Pb salts give a black 
pp., in absence of luS a white pp. is formed. 
KCN8; HClAq is added and the HCN is removed 
by warming; a few Jx’ops of FeCl^Aq are added, 

, when a deep-rod colour shows KNO.S. KCNO; 

! alcohol at 80® is added and the solution is acid- 
i ulated, effervescence shows KCNO. KHCO^; a 
! current of CO^is passed through until HCN is 
i removed, the liquid is evaporated to dryne.ss, 
the residue is distilled with H^SO^Aq.and to the 
distillate are applied the ordinary tests for 
formic acid. K,FoCyri; pure FeCljAq gives 
blue pp. or blue oolouration. K^SO^; HCN is 
removed by warming with HClAq, and Ba2NOjAq 
is added. KCl: tlic specimen is heated with 
2 pails KNO, and 10 paitsNa.COj, the fused 
mass 13 Ik Mled with water, and AgNO, and 
HNO,Aq ad.Ioil to the aqueous solulion to pp. 
AgCl 

I Ehodium cyanilea. BhCya, and a rhodi- 
! cyanide K.,llhCy,,, are known. 

I lihodtnm scsquicyanide RliCy,,. Car¬ 
mine-red powder, obtained by adding hot cone, 
acetic acid to K.HhCyj (Martins, A. 117, 357). 
Dissolves in KCNAq with re-formation of 
i K,BhCy«. 

I PotassUimrhodicyanideVi_^\yiCjg. Mo- 
noclmic crystals : ea-ily decomposed by acids; 
formed by fusing llhCl<.2NH4Cl with KCN (Claus, 
j J. iM.-id. 441). 

j Kutheaium cyanides. No simple cyanide lias 
been isolated; H^BuCy,, and some of its salts 
are known. v 

[ liuthenq-cyanhydric acid H^RuCy, 
’ (Clams,18.55.441). Obtained by adding HClAq 
: and etlier to the K salt {q. v.) ; lustrous, iriiles- 
cent tablets ; e. sol. alcohol and water; heated 
with HClAq, HCN is evolved. 

Potassium rutheno-cyanide 
KjRuCyb.BH^O (Cl.aus.f.c.). Obtained by heating 
KCN withRuCl,.2N|l4Cl; small,wliite, quadratic 
tablets, isomorphous with K,FeCy,,. The solu- 
! tion of this salt gives coloured pps. with salts of 
I Cu, Fe, Pb, and Zn. 

1 Silver cyanide AgCy. Only one cyanide of 
I Ag is known; it forms various double salts. 
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White, curdy pp. obtained by adding'HCNAq or 
KCNAqto solution of a Ralt of Ag; excess of KCN 
must be avoided, as AgCy is sol. KCyAq; the pp. 
is dried at a temperature under 126^. S.G. c. 3*95 
(Schroder, B. 13, 1074). H.i'\[Ag, Cy] = 1,396;. 
[Ag, C, N] = -31,456; [2HCyAg. Ag-0] =42,810 
(ppd. AgjO; formation of solid AgCy) {Th. 3,382). 
Not blackened by exposure to light. Sol. NHgAq; 
ri. sol. boiling IlNO,Aq; sol. KONAq. 

Bcactions.—h Heated, is decomposed to Ag 
and Cy.—-2. Water at 280° forms NH^.Ag.COj 
(Reynoso, A.' Ch. [3] 45, 111).—3. Chloiine 
forms AgCl and CyCU—4. Sulphur heated with 
AgCy forms AgNCS. — 5. Amino7iia dissolves 
AgCN, forming AgCN^NHa.—C. Potassium cyan¬ 
ide dissolves AgCy, forming AgCy.Kt)y.—7. De¬ 
composed by sulphuric acid or hydrochloric acid, 
with evolution of HCN.—8. Decomposed by sul¬ 
phuretted hydioyen, also by sulphur chloride 
(Schneider, J>pr. 104, 83). 

ComSinations~l. With ammonia to form 
AgCy.NH,; monocUuio tablets, which give oil 
NH, in the air; obtained by heating AgCy in 
Nil,, (Wcith, Z. 1809. 380; Liebig a, Kcdlcn- 
bachcr, A. 38, 129).—2. With silver nitrate to 
form AgOy.AgNOi (or ? 2AgCy.AgNOi) (Lluxam, 
C. N 48, 154 ; Wohler, P. 1, 231); obtained by 
dissolving AgCy in hot cone. AgNOjA(i. 

Double cyanides containing silver 
cyanide. The alkali salts are obtained by dis¬ 
solving AgCy in solution of the alkali cyanide 
and evaporating; the salts of the heavy metals 
are generally obtained by adding AgCy.KCyAq 
to solutions of these metals. 

Silver-potassiuvi cyanide AgCy.KCy. 
Regular octahedra; sol. 4 parts water at 20 ', 
and in 25 parts alcohol (85 p.c.). Decomposed 
by acids with separation of AgCy. 11....S ppts. 
Ag,S, except from solutions in much KCMAq 
(Glaasforda. Napicr,P. M. 15,05; Kammclsbcrg, 
P. 38, 376; Baup, A. Ch. [3] 53, 402; Dechamp, 
J. pr. 60, 04]. U.F. fAg Cy^2KCYA(i] = 12,980 ; 
[Ag2,Cy^2KCyAq] = 15,780 {Th. 3, 470). The 
other important silver double cyanides are:— 
AgCy.NaCy; 3AgCy.2KCy.NaCv (Baup, l.c.); 
AgCy.TlCy (Fromnullcr, Zi. 11,91); AgCy.NMe,Cy 
(Thompson, B. 10, 2338; Clans a. Merck, B. 10, 
2737); 2AgCy.IIgCy.,.HgSO,.U,0 (Gcutlier, A. 
106, 241). 

Sodium cyanide NaCy. Rropared by pass¬ 
ing HCN gas into an alcoholic solution of NaOH 
until NaCy pps. Oldaincd also by mctliods simi¬ 
lar to those whereby KCy is formed (y. Potas- 
flTUM CYANIUK, p. 310). NaCy crystallises with 
dilliculty. According to Joannis (.4. Ch. [5] 
27, 482) two hy<liate3 are obtained by crystal¬ 
lising from alcohol at diCfevfiut temperatures; 
2XaCy.H,D, and NaCy.2Hp. ^ounnis (l.c.) 
gives some thermal data:—[Na, Cyj = 00,400 
(solid NaCy formed); [NaCy, Aq]^ —500; 
[HCyAq, NaOHAq] =2,900. 

Strontium cyanide SrCy.^. Prepared, simi¬ 
larly to BaCyj, by heating yrFeCy„ ; or prefer¬ 
ably by passing IIGN vapour into crystals of 
Unstable salt. Ofyalalliscs from solu¬ 
tion with 4TI„0; the crystals are v. doli(jii( scent 
and absorb COj from the air (Joannis, A. Ch. 
[uj 27, 482; Schulz, J. pr. C8, 257). Joannis 
{U.) gives the thermal data [SrOAu, 2IlCyAql 
'•6.200. 


Thallium cyanides. Two cyanides of T1 are 
known, TICy and TICy.TlCy;,. 

Thallous cyanide TlCy. Obtained by 
adding excess of cone. IICNAqto a cone, solution 
of a thallous salt, and then adding much alcohol 
and ether. Heavy white pp., e. sol. water, crys¬ 
tallising in lustrous tablets from the hot solu¬ 
tion. Decomposed by heating (FronmuIIer, D» 
6,1178). 

Thallo-thallic cyanide TICy.TlCy, 
( = TLCy,). Formed by evaporating in vacuo a 
solution of Ti^O, in IICNAq. Large, white, 
rhombic plates; e. sol. water; decomposed at 
125°-130° with rapid evolution of Cy (FronmuIIer, 
B. 11, 91). 

Double cyanides containing thallous 
cyanide.—TlCyAq dissolves the cyanides of 
Ilg, Ag, and >5n; wlicn the solutions are crys¬ 
tallised llie following salts are obtained:— 
2TlCy.n<:Cy.'r'TI(;y.AgCy; 2TlCy.ZnCy, (Fron- 
nuiller, B. 11, 91). No double cyanides of TlUy, 
arc known. 

Titanium cyanides. No cyanide of Ti is 
known, but the comiiouud TijCN, exists; this 
body is almost cci l.unly a double compound of 
Ti cyanide with Ti nitude TiCy2.3Ti,N2. 

Titanium cyano-nitrxde TiCyj.STiiNj, 
This compound is formed in smelting titanifer- 
OU3 iron-stones in the blast furnace (Wdhler, A. 
73, 34; 74, 212). It may be obtained by very 
strongly heating KJ'eCyj with TiOj (Wohler, 
l.c.), by heating KCN in vapour of TiCl^, and by 
passing N over a mixture of C and TiO^ heated 
to the M.V. of Pt (Wohler a. Deville, A. 193, 
230). Metal-hkc, reddish octahedra, resembling 
iiietallio Cu. S.G. 5’28. Volatile at very high 
tcmpeiature. Not acted on by boiling HNO^Aq 
or Sol. UNO,Aq containing IIF. Healed 

in water-gas is dccnin posed thus: Ti,CN,+ lOH^O 
= CNH t-uTiO;. f .rNlI; + 5H.. Decomposed when 
heated with Cl, giving TiCl.^, and probably a 
i coinjiound of TiCi^, with CyCI. Heated with 
‘ KOllAq forms K titanate lUiJ NTT,. CuO, PbO, 
and IlgO are reduced to metals when heated 
with TijCN,. 

Uranium cyanide. None has been certainly 
isolated. Tlie oxides of U do not dissolve in 
HCNAq; addition of KCNAq to solution of U 
chloride ppts. an oxide of U (Rammclsberg, P. 
59, 2). According to Wittstcin {li. P. 63, 214), 
i when liCNAq is adtied to a uranic salt solution 
j a yellow pp. is obtained, sol. in excess of KCNAq, 
not ppd. again by acids. 

Vanadium cyanide. None has been isolated. 
Berzelius made some observations on the reac¬ 
tions between vanailic acid and HCN (P.22,26). 

Yttrium cyanide. No cyanide has been cer¬ 
tainly isolated. ITydiatod Y.O, is said to dissolve 
in HCNAq, and white noilulcs to be formed on 
evaporation (Berlin). 

Zinc cyanides. ZnCy^ is known, and also 
several double cyanides. 

Zinc cyamde ZnCy,. Obtained by adding 
KCNAq (free from K.CO.,) to solution of a Zn 
shit, or by adding HCNAq to Zn acetate solu¬ 
tion. Special precautions are needed to insure 
production of pure ZnCy^ (u. Wiililer, B. J. 20, 
162; Opperraann, 1800. 220; Joannis, C. P. 
92, 1:838, 1417; Rammclsberg, P. 42, 114). 
ZnCy^ is obtained in crystals by covering a layer 
of colic. Zu(CH30a)2Aq with f Uttle water, and 
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reix lare/uU^pouriog on to this dilate HCNAq; 
the crystelB form slowly. Cryst&UiseB ia ortho- 
rtonibjo prisms. The pp. by KCN and HON is 
white with a tinge of yellow. Decomposed by 
strongly heating, giving oil Cy (Bammelsberg). 
Insol. water and alcohol; e. sol. alkalis and 
KCNAq; si. eol. in cone, solutions of Zn salts 
(Joannis). With hot KOHAq it forms K.O.ZnO 
and ZnCy.,.2KCy. H.F. [Zn.Cy-J = 58,600; 
[ZnO,2HCyAq] = 13,400 (Joannis). 

Double cyanides containing ZnCy..— 
These compounds are obtained by dissolving 
ZnCy, in a solution of the other cyanide and 
crystallising:— 

ZnCy„.2NH,Cy (Corriol a. Bertliemot, J. Ph. 
16, 444). 

ZnCy...BaCy....2H,0 (Woselsky, B. 2, 588). 

ZnCy,,.CaCyo.a:H,0 (Schindler,-lfapitr.f'/mivii. 
30,70). 

2nCy3.21\Cy (Gmelin ; Fresenius .a. Haidlen, 
A. 43, 132). [Zn,Cy',2KCyAq) = 62,230 (271.3, 
476), 

ZnCyj.2NsCy..5H,0(Kammcdsli('i;!,P.42,112). 

ZnCy 2 .HgCy;.ldgCI,.CHjO (Varct, C. B. 106, 
1080). 

ZnCy^HgCy,.HgCl,.6MII, (Varct, i c ). 

SELtlNOCyANIDllS. Sails of '^licnnrj/an- 
hydric acid HSeCy. Also called .sc/reoi cita.i/cs. 
Discovered by Berzelius in 1820 {S. 31, fiU); 
more fully eiamined by Crookes (C. J. 4,12). 

Selenocyanhydric acid IhSeCyAq. {Scleiw-, 
or selenio-cyanie acid. UyduK'iM selenm- or 
adeno-cyanaic. IfydroHclcjwcyanu-at id.) Known 
only in solution; prepaied by pr.^sm;; a lapiil 
stre^ of H.S through hot Pb(ScCy),A.] ,ajn- 
taining Pb(SeCy )2 in suspension, tillering from 
PbS, heating the filtrate nearly to boiling, and 
filtering again (if necessarj) fiom ppil. he. Tins 
solution, which is markedly acid, is decomposed 
on boiling; it cannot be concentrated mlliout 
change even over ll_.hO, in vacuo. It is decom¬ 
posed by acids into IlGy and So. The solution 
dissolves Zn and Fe with evolution of H 
(Crookes, C. J. 4,12). 

Ammonium sclenocyanide NH,.SeCy. By 
neutralising HSoCyAq by NfI,Aq and evaporat- ' 
ing. Soluble,deliquescent,cry.stalUses in minute ' 
needles (Crookes, l.c.). ' 

Barium, Calcium, and Strontium seleno- ' 
cyanides M(SeCy),, [II -- Ba, Ca, or Sr), By dis, 
solving MCOj in HHoCy.lq ahd concentrating in j 
vaem (Crookes). 

Copper selonocyanide. Drown pp. by adding 
KSeCyAq to CuSO,Aq; very .soon decomposes 
to IIScCyAq and CuSe (C.). 

Gold selonocyanide. iNot isolated. When an 
alcoholic solution of KRoCy is added to AuCI ,Ai|, 

Se is ppd., and the filtrate on evaimration yields I 
small dark-red prisms of the double salt I 
AnK(SeCy), (Clarke, B. 11, 1326). | 

Iron selonocyanide. Not i,solated. Crookes ! 
(I.C.) mentions various reactions which do not : 
yield a definite salt. e I 

Lead selonocyanide Pb(ScCy).i. By adding 
KSeCyAq to Pb acetate solution, dissolving the 
pp. in boiling water, filtering (if necessary), and 
crystallising. Lemon-coloured needles; insol. 
alcohol; not changed at 100“ (C.). 

Magnesium selonocyanide. By dissolving 
MgCO, in HSeCyAq and evaporating; a gummy 
Don.crystallisable mass; composition und 'Cuie,!. 


; Mercary eelemyaniie. Two salts have been 
isohted, Hg(SeCy)., and HgSeCy (Cameron a. 
Davy, 2V. Irish Acad. 27, 148). 

Mercuric sclenocyanide Hg(SoCy)j; a 
greyish white salt obtained by adding KSeCyAq 
to Hg(CjHj02).Aq. Soluble in HgC1^.4q, forming 
Hg(SoCy)j.HgClj. Not obtained by using HgCl, 
m place of Hg(C,,H,0,J (Crookes). 

Mercurous sclenocyanide HgSeCy; 
olive green, amorphous; by ppg. HgNO,Aq Ly 
KSeCyAq. 

Platinum selcnocyanide. Not isolated. Ad¬ 
dition of l*tCl,Aq to an alcoholic solution of 
KSeCy forms a reddish pp.; when this is Created 
with boiling w.ater part of jt dissolves, and the 
filtiate gives crystals on cooling; these cry.stals 
arc dissolved in alcohol and re-crystalhsed; 
they arc the double salt K.,Pt(SeCy),; S.G. 3-377 
at 10-2“ 3-378 at 12-5“ (Clarke, Am. S. 16,119). 

Potassium selonocyauide KSeCy. Prepared 
by dissolving red So (ppd. in the cold) iif KCyAq 
and ev.apoiiitiiig (Schielleru;), A. 109,12.6). Also 
by fusing 1 part So with 3 parts dry K.FeCy, in 
a sinall retort, digesting with absolute alcohol, 
passing CO_, through the liquid to decompose 
KCy and KNCO and ppt. KUCO,, distilling olf 
the alcohol, dissolving in w.ator, filtering, and 
cri.stnllisingiK riKUo over H,SO, (C.). White, 
ticedle-shiiiied deliquescent crystals ; molt with¬ 
out change, if out of contact with air (Berzelius); 
in an- decomposes a little above 100“ (C.). 
K.SeCy„Aq is alkaline to litmus ; decomposed by 
acids w-ith evolution of HCy and ppn. of Se. (:l 
produces CyCl and Se (c/. Kypke n. Neger, A. 
11,6, 207). Several double compounds nie de¬ 
scribed by Cameron a. Davy (Tr. Irish .lead. 
27,151); X.HgCy,, X.IIgBr,, X.Hgl,, X.llgCl,, 
X.Hgl.SCy),,. 

Silver selonocyanide AgSeCy. Ppd, on 
adding AgNO.Aq to KSeCyAq; if NH.Aq is 
present pp. separates in small alu'ning crislnt-i. 
Blackens in light; insol. in water; spiningly 
sol. in cold dilute acids; decomposed by hot 
cone, acids (C.). 

Sodium selonocyanide NaSeCy. Small cn-s- 
tals ; by neutralising HSeCyAq by Na.CO,, and 
evaporating in vacuo (C.). 

Zinc selcnoeyanide. Non-dellquoscont crys¬ 
tals [?Zn(SeOv_,);); by dissolving Zn or ZnO in 
llSeOyAq .iiid evaporadng (C.), 

SULPHOCYANIDHS. (Hhodanides. Sul. 
plmcyanates. Thiocyanates.) Salts of sulpha, 
cyanic acid II.SGN. For an account of sulpho- 
cyariic acid u. Cyanic (eunriio) acid, p. 303; 
and for general properties of suiphocyanides v. 
p. 3--' t. pumlphoryanides (.salts of Il.CjN .S ) 
are described in tiio art, Cvanuhaths (miiTAr.uc) 
and Sui.l-nocvANUliATi'i.s, p, 360. 

Aluiuiniun- sulphocyanide Al,0,.xH,0 dis- 
solves slowly in ILSCyAq; when the solution ia 
evaporated over ILSO, a gummy mass is ob¬ 
tained, which may he the neutral salt; if the 
solution is evaporated at 100“ H,S and HCy are 
evolved and yellow flakes (? basic salt) separate 
(Meitzendorff, P. 56, 63). 

Ammonium sulpkocyanide NH,SCy. H.P. 
[N, H', S, Cy] = 59,100 (Joannis, A. Cli. {!>] 26, 
610). Produced by decomposing Cu(SCy )2 by 
NH.H.SAq, filtering, and evaporating; also liv 
evaporatinn of NH.Aq mixed with alcohol.'c 
solution of CS, (iMillon, Z. 1361. G4; Zeise, A. 
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47, 86; Claus, A. 179,112). Propai-ed by digest¬ 
ing the HCNAq from 6 parts K 4 FeCyg (by dis¬ 
tilling with 3 parts cone. H.^SO, mixed with 
ll parts water) with the NH^ polysulphido solu¬ 
tion obtained by saturating 2 parts MIl^Aq/ 
g G. *95, with HgS, and adding 2 parts of the 
same NH,Aq and 2 parts S.; tlie liquid is boiled 
till all NH, sulphide is decomposed with separa¬ 
tion of S, filtered, evaporated, and crystallised 
(about H to li| parts NH.SCy are obtained) 
(Ijiobig, .1. 61, 120). Large, white, deliquescent 
plates. S.(t. 1'3075 at l.;"^ (Giaike, J. 1H77. 4.3). 
V. sol. water and aiaohol; melts at l.W ' (lley- 
uoso, A, 100, 2.h'5); and at higher tonipcraturo 
(IKO'^-lOO*^) evolve^ CIL, H^S, and Nil,, and 
loaves guanidin sulphocyanide (Volhard, ii. 7, 
92 ; DeUtsch, J. pr. [21 8, 240 ; 9, 1); at 2;{0‘’- 
•250^ thioprussiamio acids are formed (Claus a. 
Seippel, B. 7, 92); at still highor temperature 
lucllam is formed, and finally mellono (Volhard, 
j\pr. [35 9, 28). Heated tor some time nearly 
to its M.P., thio-urga, CS(NH 2)2 (isomeric with 
NH.SCy), is produced (Volhard, Ji. 7, 92; liey- 
noso, A, 150, 255). S. 122’1 at 0”, 102'2 at 20 ; 
much heat disappears dining solution (lludorff, 
D. 2, 68; Clowes, 1866. 190; Joaunis,.1.C/n 
[,5] 26, 482). Several mctallie oxides, e.<j. llgO, 
ZuO, Ag.O, dissolve in NH,.SCyA(] and form 
double sulpliocyanides (Pleisclicr, A. 179, 22.)). 
Combines with IlgCy* to form the double com¬ 
pound NTI^SCy.HgCy, (Cl<ive, Bl. [2] 2:3, 71). 

Arsenic sulphocyanide As(SCy)Produced in 


Cerium iulphocyanideCe(SCy)s.7H.P; daubU 
compound Ce(SCy),.3HgCy,.12H,0 (Joiin,BLL3] 
21, 635). 

Chromium sulphocyanldes. Besides cAro^nic 
sulphocyanide, the acid chiortubulphocyanhydric, 
HjCr(SCy) 3 , is known in aqueous solution, and a 
series of salts, chromisulphociianidcs, is derived 
from it; there are also several c/irorw-ownunimwt 
sulphocyanldes known. 

Chromic sulphocyanide, Cr(SCy),. 
Dark-green, amorphous, doli<iuesccnt mass, ob¬ 
tained by dissolving Cr^O,.a:Hd3 in HSCyAq,and 
evapoiatiug over li-SO^ m tacuo (Clasen, J.pr. 
96, 340). 

Chromisulphocyanliiid.ric acid, or 
chromisulphocyanic acid, Il,('i(SCy),Aq; known 
only in aqueous solution, which is obtained by 
decomposing the Pb or Ag salt by Ih.S. Tlio 
solution is dark wine-red and distinctly acid ; it 
decomposes^n evaporatKm to IlSCyAq and 
Cr(8Cy), (IJuslcr, A. Ill, IH-")). 

i'otassinm ck? ommulphocyanide 
K,Cr(SCy)j.4Hp. Prcpaicd by heating for 
about 2 hours a faiily cunc. solution of 6 parts 
K8Cyandr> parts chrome-alum, ppg. by alcohol, 
filtering, and crystallising from alcohol. Porms 
: almost black crystals, wlueli appear ruby red 
j by transmittcil light; loses all H^O at 110°. 
! Solution of this salt is not ppd. by alkali car- 
! bonates or by NH,US; it is ppd. by NuOHAq 
' only on heating; evaporated with HClAq, KCl 
id CrCl, are produced (Hosier, A. 141, 1H5). 


very V.nall quantit'y by lioati.iK losKber AsCI, , Beai.lcs the K hiilt tho lollowing are dosenbed 
and Pb(SCy),; volntilo at c. lOIV’ foui.ing oily by Uoslor ^.c.) 
dro„» which Boliddy to cry«.ale; ^rnaol. m all ^ 

Na3Cr(SCy)3.7iLO. 

Chrom-ammonium sulphocyanidoB. 
Tho composition of these salts may be expressed 
by the formula 30r{KCy),.4Nll,.M"(SC.y), where 
M==2NU„ K,, Ag, Oil.,, or Hg; these salts do not 
s(‘eni to bo doable coniponnds, bnt latlicr salts 
of the complex acid lI;(yCy)H(N,H|.Crj). The 
acid itself is ],no\vu in aqueous solution; it is 
obtained by decomposing tlie Hg salt by H.,S ; 
the solution is deep-red, by carctul evaporation 
a rod ainorplious mass is obtained (Reinocke, A. 
12 ( 1 , 

The ammonium salt 
(NH,)dSCy),(N,H,„Cr.j) is obtained by adding 
powdered KHr.O.to molten NH,SCy until tho 
mass beoouies solid, treating with hot water, 
and adding pieces of NH.Ol to the deep-red 
liquid, when the salt separates in reddish crys¬ 
tals. V. sol. alcohol and ether; by prolonged 
treatment with water it foims NH,SCy,Cr(SCy) 3 , 
and Cr.O,; easily decomposed by dilute acids or 
alkalis'llleinecke, A. 12li, 113; cf. Norland, J. 

The pofassima salt K,(SCy),{N,H,.Crj) 
is obtained by reacting on tho Nil, salt by cone. 
KOHAq, and ro-crystallising the compound 
which separates froiiwliot water. 

The sodium salt is obtained by a similar 
‘process, using NaOlIAq. The soluble salts give 
pps. with salts of many heavy metals; the fol¬ 
lowing have boon isolated:- 

Cu,(SCyUN.H,.CrJ, Hg(SCy),(N.H„Cr,), 

^*Coh8lt salphooyanide Co(SCy), (Claus, A. 
99, 48). Obtained by dissolving Co0.a!H,0 ip 


ordinary menstrua; dccompoBcd by wafer to 
As/),Aq and HSCy (Miguel, .1. Ch. [.5] 11, :U I). 

Barium sulphocyanide l;u(SCy) 211,0. 
Formed by neutralising ITSCyAq by J^aCO,, 
evaporating at lOO'"’, ami then over ILSO, (Meitz;. j 
cndorlT, P. .56, 6:3). Long, lusti ous, cbdiqiicsceiit ; 
needles; v*sol. alcohol ami \vat*:r. ('’roiii warm 
solution of this salt mixed with w.vrm llgCy.Aq ; 
the doidile coinjimimZ Ba(SCy)..lIgCy;.4U/> sepa¬ 
rates on cooling (Cl^vc, Bl. [2J 23,71; cf. Storck 
a. Stiobcl, D. P. J. 235, 156). 

Beryllium sulphocyanide [? Bc(SCy),]. Pre¬ 
pared by adding BeSO, to Ba(SOy).^Ail (Toc- 
zyn.=^ky, Z. 1871. 27(3); or by dissolving BeCOj in 
HSCyAq and crystalli.sing (liennos, J. pr. 97. 
465). 

Bismuth sulphocyanitlo Bi(SCy),,. By dis¬ 
solving Bi,Oj.x-lI,0 ill ITSCy.'Vfi, evaporating, 
filtering from the yellow liasic salt which sepa¬ 
rates, and (;vapor!iting ugiun ; daik oiangu red 
powder (Meitzendoilf, P. 66, 63). 

Cadmium sulphocyanide Cd(SCy) 2 . White 
crystals; sp. sol. water ;*by dissolving CdCOj in 
HSCyAq and evaporating (MiiUondorlf, P, 
66, 63). By dissolving this salt in NMl,Aq, 
and evaporating with frequent addition of 
NHqAq, the double compound Cd(SCy)^.2NHj 
is formed (M.). The double compound 
Cd(SCy)j.2HgCy.i.4H^O is described by Cl()ve [Bl. 
[2] 23, 71). 

Calcium Bttlpliooyaiiid0Ca(SOy)j.3n^O. Pre¬ 
pared like the Ba salt. Crystallises badly; sol. 
water (Meilzendorff, P. 60, 63). From hot solu¬ 
tions of this salt and HgCy.. the double compound 
Ca(SCy),.2HgCv...8H.O crystallises on cooling 
(Cl6ve, hi. m 28. 71; Bookmana, A, 22,163). 
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EtSCyAq, and evaporating. Accoiding to Meitz- 3Pb(SCy)j^Pbl2. are described by Thorp (Am. 10. 
ondorff (P. 66, 63) the salt crystallises with 229). 

iHjO. Solution in water is rose-red, becoming ' Lithium sulphocyanide LiSCy (Hcrmta, 
deep blue by concentration. Alcoholic or ethe- /. pr. 07, 406). 

teal solution becomes blue on dilution; this re- Magneflium sulphocyanide Mg(SGy),. 4 H 2 (X 
action has been applied for the optical determi- “Whito deliquescent crystals; by dissolving 
nation of Co ^Wolff, Fr. 1879. 38). The double MgCOj in HSCyAq and evaporating (Meitzon* 
compound Co{SCy) 2 .Hg(SCy )2 is known (C16ve, dorff, P, 56, 63). forms the double compound 
i,pr. 91, 227 ; Skey, d. 1874. 300). Mg(SCy)2.2HgCy2.4H20bymixingwarm8olutionB 

Copper suiphocyanidos. Cuprous sulplio- of tho two salts and allowing to cool (Clove, lil. 
cyanide CUjiSCy)^ (Meitzendorff, P. 56, 63). [2J23, 71). 

Formed by adding KSCyAq to CuSO^Aq reduced Manganese sulphocyanide Mn(SCy) 2 .DHD 
by FeSO^ or SO.^. Whito powder, ijisol. water (MritzcndoilT, P. 66,63). . By dissolving MnCO, 
and dilute acids; sol. NH,Aq. ]\Tay be used in in HSCyAq and evaporating. Loses 3H..0 at 
quantitative estimation of Cu (lUvot, C. K. 38, 1CO°-170'^. 

868; Busse, Z'V. 1878. 55). Cupric sulpho- Mercury sulphocyanidcs. Mercurous sul^ 
cyanide Cu(SCy )2 (MeitzendoitT, Zc.; Hull, A. phocyanide lIgSCy (Wohler, 0. A. 69,271). 
76,93). Black crystalline powdor; by adding H. F. [Ilg, S, Cyj = 18,000 (Joannis, A. Ch. [5] 
KSCyAq to fairly air-free cone. CuSOjAq con- 26, 510). White pp. by adding dilute KSCyAq 
taining a little H^SO^; dccompbaed bv water, to a large excess of very dilute HgNOsAq with a 
quickly when hot, to Cu-XSCy)., HSCy, llCy, and little HNO^ added; if the solutions 8.fd not di« 
H^SO^. Dissolves in NIIgAq, and gives the doui/c j lute the pp. is grey and con/,ainsHg (Claus, Xpr. 
salt Cu(SCy)2.2NH, (Meitzendorff, l.c.). \ 15, 401; Hermes, J. pr. 97, 465). Sol. in hot 

Didymium sulphocyanide I)i(SCy)j.6ILO j llCiAq, also in K.SGyAq, with separation of Hg 
(C15ve, PL [2J 21, 218). I (Pliilipp, 131, SO). Mercuric sulphocy- 

Erbium sulphocyanide Er(SCy)j.6HD (CUWo 1 ani<l c Hg(SCy).,. White pp. by mixing HgCl^q 
a. Hoeglund, P/. [2] 18,197). Donblccompouud j orHg(NO,) Aq and KSCyAq; sol. excess of either 
Er{SCy)3.3HgCy_..12rLO (Cldve, Bl. [2J 21, 31i). i siUt; v. si. bol. w.ater, m. sol. alcohol; soluble 
(iold sulphocyanides; known only in combi- { with decomposition in solutions of chlorides, 
nation. I When ITg(SCy )2 ia heated it swells up, giving off 

Aurous • potassium sulphocyanide i ilg vapour, N, and CS^, and leaving a grey mass 
AuSCy.KSCy. AuCljAq is added drop by drop | like giuphite, and ata liighertemperature form- 
to KSCyAq at 80° as long as the pp. dis.solves, j ing niollon. This salt is sold under the name of 
the liquid is evaporated and cr^sta'Used. Straw- | * Pharaoh's serpents.' (Hermes, J.pr. 97, 405 ; 
yellow prisms; melts at 100°; decomposed hy ; Philipp, P. 131,86.) Hg(SCy )2 dissolves in some 
beat to S, CSo, An, and KSCy. Solution blackens ; other sulphocyanides forming double sulpho^ 
in light; it gives pps. with salts of many lieavy cijanidcs ; the following have been isolated :— 
metals (CI6ve, J.pr. 91, 14). Addition of NUjAq , Hg(SCy).,.2NH,SCy (Fleischer, A. 170, 225); 
pps. tho^wbZccomjwimd AuSCy.JHl,. i Hg SCy)].2KSCy (Hermes, J, pr. 97, 466); 

Auric-potassium sulpiiocyaiiide j Hg(SCy)»Zn(SCy )2 (Cldve, ff. yw. 91,227). Be- 

Au(!SCy)j.KSCy. AuOl ,Aq is added to e.xecss of j sides these double sulphocyanides Hg{SCy )2 
KSCyAq in the cold (Ci^ve, J.pr. 94, 14). Crys- i forms severaDfoi<5Ze compotinds with other salts; 
talliscs from warm ^J'ate^ in orango-red needles; ' IIg(SCy)..3NH,.H.^O (Fleischer, A. 179, 225); 
sol. alcohol and ether. Forms double compounds JIg.HOy.>JH,.HgO {C\a.\is,J.pr. 15,401; Philipp, 
(Skey,<7. 1874. 300). P. 131, 8G'; Fleischer, l.c.)-, Hg(SCy).2.3HgO 

Auric-sodium sulphocyanide (Fleischer, l.c.) ; Hg.SCy.CJIaO.. (Byk, J.pr. [2] 

Au(SCy) 3 .NaSCy (Kem, J. 1876. 319). 20, 328); IIg(SCy)2.KCy.2H20'(B6ckmann, A. 

Iron sulphocyanide. Ferric sulphoryan- 22,153; Claus, l.c.; Philipp, Z.c.). 
ide Fc(SCy)3.1^H20; by KSCyAq to P'eCl,.\q ! Molybdenum sulphocyanide. Pp. formed by 
and evaporating. Small blackish red crystals; ! adding cone. KSCyAq to a Mo salt is probably 

V. sol. water, alcohol, and ether. SoluUon is Mo(SCy), (?). Sol. in water or ether witli in- 
decolourised by NaHCO. with ppn. of all Fe; not tense dark carmine red colour (Braun, Fr. 1863. 
decolourised by IlGlAq (Cicive,91,227 ; cf. 36; 1807.86). Said to form a double compound 
Skey, J. 1874. 3Q0). Ferroiis sulphocyan- with Hg(SCy ).2 (Skey, C. N. 30, 26). 

ide Fe(SCy).>.l^HiO. Grecnisli prisms, by Nickel sulphocyanide Ni(SCy) 2 .- 3 H.p; yellow 
adding KSCyAq to FeSOiAq; v. sol. water, alco- crystalline powder; obtained by evaporating so- 
hol, and ether; unstable (Clans, A. 99, 48). lution of NiO in HSCyAq (Meitzendorff, P. 56, 
Forms a double cennpound Fe(SCy) 2 .Hg(SCy)j 03). Dissolves in NH,Aq, and solution evapo- 
(C16ve, J. pr. 91, 227). rated on water-bath gives blue efflorescent crys- 

Lanthanum sulphocyanide La(SCy)a.7H20. tals of the double compound Ni[SCy)j.4Nn,; 
Double compound La(SCy)8.311gCy._5.12Hp decomposed by water to NB^Aq ana NiO (Meitz- 
(Clcve, Bl. [2] 21,196). endorff, l.c.). Also forms a double compound 

Load sulphocyanide Pb(SCy) 2 . Yellow lus- with Hg(SCy) 2 , viz. Ni{SCy)2.Hg(SCy)a.2n20 
trous monooUnio crystals; by ppg. neutral (Cl^ve, J. pr. 91, 227). 

Pb(CjHj,Oj)Aq by KSCyAq. S.G. 3-82 (Schabus, Palladium sulphocyanides. None certainly 

W. A. B. 1860.108). Decomposed by hot water isolated; if a simple sulphocyanide of Pd oxists 
to the basic salt PbOH.SCy, which is also ob- it is very soluble in water (v. Porrett, T. 1814. 
tained by adding basic Pb acetate to KSCyAq 627). By dissolving PdCl2.2KCl and KSCy in 
(Liebig, P. 25, 646). H.F. [Pb, S, Cy] = 23,000 water and crystallising, a double sulphocyanide 
(Joannis, A. Ch. [6] 26, 640). The double of Pd and K is obtained; other double palladium 

Pb(lSCy).^.PbBr 2 , Pb(SCy)|.8PbBr„ and | sulphocyanides are also said to be formed by re* 
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wnons similar to those wlmrcby sulphooyano- 
plaiinmn compounds are produced; tho oo“P«- 
sition of these salts is not yet finally decided, the 
data are meagre (v. Croft, 0. N. Ifi, 53). 

Phosphorus sulphocyanide P(SCy)j ®. Pnos; 

^'""Stinuin salphocyanidcs. Tho reddish-brown 
solid obtained in the reaction botwc^ some of 
tho double Pt sulphocyamdes, e.i;. KjPt(BOy), 
and Cl or HNOjAq, is probably pfafiMOMS s)i/p/io- 
etjanide,Vt(SCy), (Bucirton, 0. Platmic 

sulphocyanide lias not been isolated Many 
double compounds of Pt(SCy)j and Pt(SCy), are 
known, but they aro boiler regarded as salts ol 
the acids H,Pt(SCyl, and n,Pt{SCy).. botn of 
which are known in aqueous solution; the salts 
in question are generally axWaA sulphocyano-pla^ 
timtes and sulpiiocyano-platvuites, or sometimes 
platinoso- and platino- sulplwcyanides. Ihe K 
salts are formed by reaction between KSCy and 
IHCI.Atf or PtCl 4 Aq; tho salts of the heavy 
metals aro formed ^rom the K salts by doublo 
decomposition. Both series of salts aro decom- 
iwsed by Cl or HNO,Aii with formation of HCy, 
iI,SO,(HCl), K,SO,(KNO,), and separation of a 
brownish-red solid which is probably Pt(SCy),. 

NII,Aq reacts witli salts of both senes to form 
viatosammmium sulphocyanide (N.,H,Pt).2SCy 
Iq. 0 .). The sulphocyaiio-platinura compounds 
liiivo been chiefly investigated by Buchton (O.J. 

7, 22). . . , 

tiulphocyanoplatinous acici 
H 2 pt{SCy) 4 Aq. (Platinoso-sulphociianic acid. 
Platnioso-sulphccyanhydric acid.) known only 
in aqueous solution, which is olitroncl hy c.ire- 
fully adding dilute H^SO.Aq to tho 11a salt ; the 
solution soon decomposes even by evaporation 
in vacuo, giving IlSCyAq and a pp. containing 

P*- . . 

A'nimonio‘plati,7ious sulphocyano- 
vlatinite or platinoso-sulphocyanide 
(N 4 H,.,Ut).Bt(SCy) 4 . {Duimmonuy-platoMnmo- 
mum 'sulphocyano-platmitc, 
(N,.Il 4 [NHJ,Pt).Pt{SCy) 4 .) Obtained by adding 
KyCyAq to diplatosammonimn chloride, ' 
N,H.rNH,l,Ptj.Cl,; bull pp.: iiisol. in water and i 
alcohol, sof. in dilute HClAq; when heated it is 
decomposed, burning like tinder, and leaves Pt. , 
This salt seems to bo polymeric mlh pliilusammo- 
niu7n sulpliocyauide, {NjHuPt).‘2SCy [q. ^J.). | 

Potassium sulphocyaaoplat niitc ^oi , 
platinosO'S'ulphocTjauide K.^Pt(SCy)4. I 

pared by dissolving equal parts of PfcClj andKbCy 
in as small a quantity as possible of hot water, 
and crystallising from alcohol tho salt whicli 
separates. Also by adding PtCl,.2KClin small 
successive quantities to cone. KSCyAq, crystal¬ 
lising from alcohol, presling between paper, and 
re-orystallising from water. R«d microscopic 
crystals; six-siued prisms; S. 40 at 15-5^; v. 
sol. in alcohol. Non-deliquescont; not changed 
at 100*^ if rfry; decomposed by NHjAq to 
(NjH,Pt).2S0y and KSCyAq. 

Silver sulphocyano'plattnite or pta- 
tinoso-sulphooyanide Ag^t(SCy)4. 

curdy pp. by adding AgNdjAq to solution of the 
K salt. Partly soluble in NHjAq with decompo- 
iiition; sol. in KSCyAq. ; 

Sulpho^eyanoplatinic ac%d otplaHno- 
suiphocyanie acid (PlatinO‘SulpJiocyanhy' 
inc acid) H,Pt(SCy).Aq. Known only in aquo- ; 


ou8 solution, which is obtained by decomposing 
the Pb salt by H.^S; decomposes when evapo¬ 
rated, even in vacuo ; dark-red liquid with acidio 
taste; decomposes carbonates and dissolves Zn 
evolving H. 

Ammonium sulphocyanoplatinaie or 
platino-sulphocyanide (NH 4 ).Pt(SOy) 8 . 

Carmino-red six-sidod tables; formed by boiling 
1 part (NH 4 )jS 04 with 1^ parts K,^Pt(SCy)« in 
cone, solution, separating (NH,)...S 04 and ICSO, 
by adding alcohol, and ro-crystalllsing the salt 
; from waim water. Aqueous solution is decom- 
i posed by boiling, giving off HSCy. 

Barium stilphocyanoplatinate or 
platino-sulphocyanide BaPt(SCy) 8 . Red 
noodles; sol. in water and alcohol; by reaction 
between excess of BaCl.Aq and K 2 Pt(SCy) 8 , eva¬ 
porating and dissolving in alcohol. 

Cuprite s^ilphocyanoplatinate or 
platino-sulphocyanide-, green pp. by add¬ 
ing K,rt(SCy)„Aq to CuSO^Aq, probably 
CuPt{SCy)8; becomes black when liquid is 
boiled; sol. in NHjAq, reppd. by HClAq. 

Iron sulphocyaiioplatinates or pla- 
tino-sulphocyanides. The ferrous salt 
FePtfSCy). is a black crystalline pp., insol. in 


ferric salt is prepareu oy ubujg i-ovija-H 
of FeSOqAq and boiling; probably Fej2Pt(SCy)8. 

Lead sulphocyanoplatinate or pla¬ 
tino-sulphocyanide PbPt(SCy)g; golden- 
yellow hexagonal plates, obtained by mixing 
cone. Pb(C.,H ,0.,)..Aq and cone. K.,Pt(SCy)8, wash- 
ing with cold water, and crystallising from al¬ 
cohol ; decomposed by hot water. The basic 
salt Pbrt{SCy),i.PbO is formed as a red pp. by 
ppg. basic Pb acetate solution with cone. 
K^Pt(SCy)>q. , _ . 

Mercurous sulphocyanoplatinate or 

platino -sulphocyanide'Ef;.Pt(SCy)t;76l^vvr 

pp. by adding IlgNOjAq tfi K 2 Pt(SCy) 8 Aq. 

Potassium sulphocyanoplatinate or 
platino-sulphocyanide KjPt(SCy)8. Pre¬ 
pared by adding 2pts. KPlCl^ to a warm solu¬ 
tion of 2\- pts. kSCy, heating nearly to boiling, 
filtering, and allowing to crystallise; the crystals 
are dissolved in boiling alcohol (to separate 
KCl), and the liquid is passed through a filter 
' vhifh IS kept wairti. Also produced by adding 
I PtClAq to cone. KSCyAq at 70°-80®, and allow- 

' ingtocool. Deep carmine-red, six-sided prisms' 

permanent in air at ordinary temwratiires 
S.c. at 60®, S. much greater at 100 . Crys 
tallises with 2 H 2 O according to Graelin {cf . Wyru 
bow, BL L2] 83, 402). Heated to redness gives 
KSCv Pt, and gaseous products. Decomposed by 
hot MO. or HClA.i- With HNOjAq or Cl pro- 
bahly gives Pt(SCy),. lieacts with NH.M or 
(Nn,),C0,Aq to form K,bO„ K&Cy. NH,Cy, 
Nil SCv, and ppt. yellow needles of platosam- 
morlium sulphocyanide (NjHaPt).2SCy (g. 0 .). 

Silver sulphocyanoplatinate « 
*platino - sulphocyanide AgjPKSwIj. 

Orange-yellow pp. by mixing AgNO,Aq with 
KjPt{SCy)jAq. Forms a double salt 
Ag2Pt(SCy)«.2KSCy. , , ... 

Sodium sulphocyanoplaiin^e or 
platino - sulphocyanide NooPHSCyV 
Gsruet-colourcd tablets; obtained by decompos*. 
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iDg the Pb salt by Na^SO^Aq; sol. water and 
alcohol. 

Platosammonium sulphocyanlde 
(NjH 5 pt). 2 SCy. This salt is obtained by de¬ 
composing potassium platino-sulphooyanide 
K 2 Pt{SCy)s{v. 5 Kpra) by NH,Aq or (NlI,) 2 CO,A<b 
collecting the crystals whicli separate, washing 
them with cold water, and rocrystallising from 
alcohol. It is also produced when NII,A(j re¬ 
acts with potassium plalinoso-sulphncvarhdo 
K lH(SCy)„ or by mixing I pt. K 8 Cy with 1 G pts. 
platosammonium chloride N Jl.PtCl, in uijneous 
solution, heating nearly to boiling, adding an 
equal volume of alcohol, filtering hot, and allow- 
, ing to cool. Straw-yellow needles; melts at 
100 ^- 110 -*; decomposes at c. 180'\ giving olT 
NH 3 and HCy, and also SO^ if in air, an«i le.iving 
Pt. Sparingly sol. cold water, more sol. alcohol. 
Not acted on by dilute HClAq or ILS(),.\q. 
Aqueous solution is decomposed oiiVoi ling, evolv¬ 
ing NH, (Buckton, C. J. 7, 22). The s.ilt de¬ 
scribed as amvuynio-plntinous 'platino'>o-suh)lio. 
cyanide (N 2 H,[NHj 2 pt).Pt(SC.v), {v. p. .‘1.51) is 
probably polymeric with platosammonium 
Bulphocyanide. 

Potassium sulphocy.mido -KSCy. H.F. 
[K,S,Cy]-87,800 (Joaniiis, A. Ch. [51 26, 182). 

Formation. —1. By fusing 1 pt. dry 
with 3 pts. KjSjO, (Frohde, P. Ill), 1)17).— 
2. By heating NH,SCy with KOlIAq. or 
(NH,),CS, witli K.SAq ((i61is).—3. By ad.lmga 
mixture of 8, C, and (NH,)_,SOj to a molten mix¬ 
ture of KOH and S (Fleck, D. P. J. 100, 200) 
[(NH,) ,SO, C -*■ S = NH,.SCy + SOj + 2II ,0; and 
2NH.SCy -I- KjS =. 2KSCy (NH,),S]. -4. An 
aqueous solution of KCy (65 pts.) is digested 
with S (32 pts.) until S is all dissolved (Wiggers, 
A. 20, 319). 

Preparation.~~A. mixture of 32 pts. S with 
17 pts. K^COj is heated until it melts, 40 pts. dry 
KjFeCya are added, and heating is continued 
until the mass fuses quietly and a little taken 
out docs not give th§ reactions of ferrocyanido ; 
temperature is then raised for a little to change 
any into K 2 SO<; the cold mass is ex¬ 

tracted with water, and the liquid is neutralised 
by H 3 S 04 Aq; the liquor is evaporated to dry¬ 
ness, the residue is boiled with alcohol, the 
alcoholic solution is filtered and crystallised 
(Henneberg, A. 73, 230 ; cf. Liebig, A. 50, 315 ; . 
61 j 288; Babcock, Z. 1800. 606; Frohde, P. 1 
119, 817). 

Properties. —Long, white, striated prisms, ! 
re.sen]bling nitre. S.G. 1'886-1*90() (Bddideer, 
J, 1860. 17). S. 177*2 at 0^ 217 at 20° (Iludorff, 
P. 2, 08). By dissolving 150 pts. of the salt 
in 100 pts. water at 10 8 °, tcmporaluro falls 
to -23*7® (Riidorff, B. 2, 68 ). Joannis (^l. Ch. 
[5] 26,482) gives the heat of solution [KSCy.AqJ 
= -6100. Melts at 101*2° (Pohl, J. 1851. 59). 
The molten salt becomes brown, then green, 
finally indigo blue, but on cooling it again goes 
white (NOUner, P, 980 189). Non-poisoiious 
(Wdhlcr a. Freriohs, A. 66 , 342 ; Hermes, J.pr. 
97, 466). According to Berzelius (5. 31, 49), 
when KSCy is heated in moist air it evolves 
COj and NFE, and KjjS remains. KSCyAq slowly 
decomposes, quickly on boiling, evolving NH, 
(Vogel, 8. 28,15). 

Ueactions.-—\. Chlorine passed into melted 
^&Cy forms S^Cl^ and Oy,CI, (Liebig, P. 15, 648; | 


34, 576). Cl passed into fairly cone. KSCyAq 
forms psoudo-sulpliocyanogon CjN.HS,; with 
excess of Cl, NH„ H,80„ HCI, and CO., are pro¬ 
duced (Liebig, A. 39', 215 ; 50, 337; Vdlokel, A, 
43, 97; Parnell, P. M. 17, 249).—2. Cone, nitric 
ucid ppts. 0,N,H8, (Liebig; Volckel).—3. Potas- 
siwn permanganate, maiujancse dioxide, or lead 
pc) oxide oxidises the S of KSCy to H^SO^ (Hadew, 
C. J. 11, 174).—4. Molten KSCy reacts violently 
with ht/drochloric acid gas, forming llCy, CS„ 
and NHjCl (Liebig, l.c.). —5. Iloated gently with 
j 2 >h‘'’'^f>hi>nis pciifaclilortde CyCl, KCI, and PSCl, 
j are produced; at a higher tempeiatme the pro- 
I duets vary (SehilT, 106, 116).-6. Heated with 
' iron FrS, K.S, and K.,FeCy^ are formed (G61is, 

; Pcp.Chnn. KSCyAq c^cciro- 

lysed giv(‘s H.SO,, SOj, TlCy and S (Sohlagdcn- 
hauffeii, J. Ph. [3J 19, 100). 

Comhiihiti ms. - Wall inercnric cyanide and 
iodi le to form KSGy.HgCy...21I.,0 (Bockiuann, 
A. 22. 153; Gl5vo. Bl. [2] 23, 71; Philipp, P. 
131, HG) ; 2KSCy.IIgL.2TI,0 (Philipp, l.c,). 

Silicon aulphocyaiiide^Si(SCy )4 v. Silicon. 

Silver sulphocyanide AgSCy. H.F. [Ag,S,Cyl 
= 1G.500 {.Joatuiis, C/i. [5| 26, 540). WhiLo 
cunly pp. by a<Ming KSCyAq to AgNO.A'I- 
Blackens m light. Iiisol. water and dilute acids; 
so!. NH.Aq and alkali sulphocyanides, also in 
HgNO.Aq (Waekeurodcr, A. 41, .317). Addition 
of NH.Aq to a solution of AgSCy in NlI^SCy 
ppts. bilining tablets of the double compound 
AgSGy.Nil,; lo'.cs all NH, by trr.Ttmcnt with 
water (Giull, IK. A. B. GO, 474 ; Woitli, .Pf. 1809. 
310; cf, Gossmann, A. 100, 7i)). Solution of 
AgSCy in hot KSCyAq on cooling deposits the 
double salt AgSGy.KSCy; decomposed by water 
(Hull, i4.70,03). The double salt AgSCy.NH,SCy 
is also known (Gossinann, il. 100, 70; Fleischer, 
A. 179, 225). 

Sodium sulphocyanide X.aSCy. H.F. [Na,S,Cyl 
= 77,100 (Joannis, A. Ch. [.j] 20, 540). Prepared 
by neutralising IISCyAq by Na^COs, evaporating, 
and crystallising from alcohol. Also by heating 
1 pt. K^FeCy^ with pts. dry NaBD,, and dis¬ 
solving out willi hot alcohol (Fiohde, P. 119, 
317; Meitzendorif, P. 50, 63). Very deliquescent 
rhombic plates; e. sol. alcohol. Forms the 
double compound NaSCy.HgCy^ (Clove, Bl. [2] 
23, 71). 

Strontium sulphocyanide Sr(SCy)„3H^O. 
Prepared by neutralising IISCyAq with SrCO„ 
and evaporating at lOO'-’, and then over II^SO, 
(Meitzendorif, P. 56, 63). Gives off BlLOat 100°, 
and begins to decompose at 160°-170°. Forms 
the double compound Sr(SCy).,.2HgCy..4ILO 
(Cl^ve, Bl. [2] 23, 71). 

Thallous sulphocyanide TISCy. Small 
shining needles; by mixing Tl,CO,Aq with 
KSCyAq (Kuhlmann, J. pr. 88, 175; Hermes, 
,7.2)^ 97,465). For crystalline form v. Miller 
(Pr. 14, 455). Forms a double salt with KSCy 
(Carstanjen, <7. pr. 102, 129). 

Tin sulphocyanide. The stannous salt 
Sn(SCy)j is obtained by heating freshly ppd. 
Sn0.a;HjO in HSCyAq, filtering, boiling, filtering 
again from SnO, anjJ evaporating. Citron-yollow 
crystals ; sol. water and alcohol; aqueous solu¬ 
tion reflects blue light (Clasen, c7.pr. 96, 319). 
Stannio hydrate scarcely dissolves in HSCyAq. 

Uranium Bulphocyanide U(SCy) 2 . Laik 
green mass, b^ dissolving uranous hydrate (a 
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HSCyAqftnd evaporating (Rammelsberg, A. 48, 
235 ). Existence of uranio Bulphoojanide is 
doubtful (v. Porret, T. 1814. 527). 

Yttrium salphocyanlde y(SCy) 3 . 6 HjO (Cl^ve 
• Hoeglund, Bl. [2] 18,197). Forms the double 
compound y(SCy) 3 . 3 HgCya.l 2 HjO (C16ve, J.pr** 
91, 227). 

Zinc Bttlphocyanide ZD(SCy) 2 . Wliitecrystals; 
obtained by dissolving freshly ppd. ZnCO, in 
HSCyAq, evaporating, and crystallising from 
alcohol (Meitzendorff, P. 66 , 63). Dissolves in 
NHjAq, rhombic prisms separate of the double 
compound Zn(SCy) 3 . 2 NH 3 ; these are decomposed 
by water to ZnO and NH^SGy (Meitzendorff, 
l.c.i Fleischer, A* 179, 225). Also forms the 
double compounds ZB{SCy) 3 . 2 ngCy 3 . 4 H, 0 , and 
Zn(SCy).. 2 HgCy 3 . 3 NH, (CUve, Bl. [2] 23, 71). 

TBIiLUROCYANIDES. — A potassium 
tollurocyanide is probably momentarily formed 
when Te and KCy or K^FeCy, are melted 
together, but if so it is quickly decomposed on 
treatmenfwith water with ppn.of Te (Berzelius, 
S. 31, 60). • M. M. V. M. 

CYANIDINE, a name proposed by Pinner 
{B. 18, 760) for derivatives of CjNjII, in which 
H, is displaced by hydrocarbon radicles, e.g. 
CjNsMe, would be tri-methyl-cyanidine. These 
compounds are mostly described as paranitriles 
of the corresponding acids. See also Gyanb- 
THINE, Cyanmethethinb, and Gyanmethine. 

CYANILIC ACID v. Gyanic acids. 

CYANINE or QUINOLINE BLUE v. Quino¬ 


line. 

CYAN-METH-ETHINE G^H.^N,. [166®]. S. 
2-7 at 20°. 

Preiyaration. —Sodium pt.) is added to a 
mixture of propionilrile (<V6 pts.) and aceto¬ 
nitrile (3‘3 pts.). The sodium dissolves with 
evolution of gas. The product is freed from excess 
of nitriles by distillation, washed with water and 
fractionally crystallised from alcohol and benz¬ 
ene. Gyanethino is first obtained, but the chief 
portion is eyan-meth-ethine, formed thus: 
2 C 3 HjGN + CH,CN=iCHH„N3 (G. Riesa a. E. v. 
Meyer, /. pr. [2] 31,112). 

Properties. —Trimetric plates (from benzene). 
Begins to sublime below 100°. 

Salts.—B',HCl,AuCl 8 . Plates.— 
(B',HGI)jPtCl 4 . Clustered needles. 

Combination. —B^AgNOj. 

iteactions.—l. Bromine warmed with a solu¬ 
tion of the hydrobromide forms a colourless 
solution, out of which NH, throws down bromo- 
cyanmethethine, O^HijBrNs. This is soluble in 
hot water, alcohol, ether, and benzene, and forms 
trimetric crystals [156°].—2. HCl at 180° forms 
an * oxy-base ’ [160°]. 

CYANMETHINE CAN*. [181°]. 8.166 at 
18°. S. (alcohol) 19 at 18°. 

Preparation,—From acctonitrile*(methyl cy¬ 
anide) (6 pts.) and sodium (1 pt.) (Baeyer, B. 2, 
819; Keller,/.pr. [2] 81, 368). Marsh gas is 
evolved, not ethane. 

Properties. —Very similar to oyanethine, but 
2,140 times more soluble in water. It may be 
crystallised from alcohol. Its aqueous solutions 
give pps. with AgNO„Pb(OAofj, HgOljj.and BaCl, 
(E. V. Meyer, /. pr. [2] 27,152). 

OowWnafio>w.-'(CyHuNj) 3 AgN 03 . Rhorabo- 
bedra (from hot water). 

Beaciions,—!, N 3 O 3 , passed into a solution 

Vot. n. 


j of oyanmethine in glacial acetic acid, forms an 
ox^base, C 4 H,Nj(OH); the nitrate of this base, 
04H3N,,0,HN0s, separates as tufts of needles 
from the cold solution. The free base, C 4 H 4 N 3 O. 
melts at [193°], and crystallises from alcohol in 
needles. This base is also formed by heating 
oyanmethine with HCl at 180° (Wollner, J. pr, 
[2] 29, 131). The nitrate of the oxy-base gives 
with AgNOj, on neutralising with NH„ a pp. of 
C^HjAgNjO.—2. Bromine gives, even in the 
cold, a bromo-cyan-methine{li2’^]. Decom¬ 
posed by boiling water, with formation of NH^Br. 
Nitrous aoid gas, passed into a solution of 
bromo-oyanmethine in glacial acetic aoid, gives 
white needles of the nitrate of the bromo-*ozy- 
base*: C 4 H,BrN 30 ,HN 0 , [158°]. This com¬ 
pound forms a silver derivative: O^HaAgBrNjO. 
Bromo-oyan-methine retains its bromine much 
more strongly than bromo-oyanethine. It is 
converted b> phenyl cyanate into a urea: 
C,H 3 BrN 3 .NH.CO.NPhH [186°-206°]. Bromine 
converts this into a tri-brominated urea, 
probably C,H,BrN 3 .NH.C 0 .NH.C,;H,Bra [257°]. 
3. Chlorim forms a dichloride of ohloro-cyan- 
methine, whence aqueous NH, liberates ckloro- 
cyan-methine G^HhCINj. (Cyan-ethine forms 
a tri-chloro- derivative.) N^O, converts the di- 
ohloride, GyH^GlNj.Glj, dissolved in glacial acetic 
acid, into the nitrate of the ohloro*' oxy-base/ 
C 4 H,C 1 N 30 ,HN 03 . [153°].—4. Phenyl cyanate 

(6 g.), warmed with oyanmethine ( 6 g.) dissolved 
in benzene, forms crystals of a complicated 
urea: C^HjNj.NH.CO.NPhH. This melts at 
[225°]. Bromine added to its solution in HGl 
forms a di-bromo- derivative [238°]. 

Salts.—B'HCl: needles. — B'.H.PtCla.— 
B'ni. — Bl,. — B'HI,. - B'HIj. - B'HNO^. — 
Byi.SO,.—B'(H,SO,),.—B'jH.Cp, 2aq. 

Constitution.—F\\6 presence of amidogen in 
cyan-methine is shown by the action of phenyl 
cyanate and of Np, upon it. Other reactions 
indicate, however, that it is differently consti¬ 
tuted to oyanethine. 

CYANO ACETIC ACID CfANO^t.e. 
CN.CH 3 .C 0 ,H. Snni-nitrile of malonic acid. 
Mol. w. 85. [o5°] (Van’t Hoff, Ar. N. 10, 274). 
Formed by boiling chloro-acetio ether (250 g.) 
with KGy (300g.) and water (1,200 g.) (Hugo 
Muller, A. 131, 350; Moves, A. 143, 201). 

Properties. — Crystalline; decomposed by 
heat into CO, and acatonitrile. 

Reactions. —1. Boiling aqueous KOH gives 
malonic acid.—2. Br gives di-bromo-acetonitrilo, 
bromoform, and CO, (Van *t HoS, B. 7. 1383, 
1571).—3. Electrolysis gives ethylene cyanide 
[38°] (Moore, Am. S. [3] 3.177). 

Salts.—KA': deliquescent. — ZnA',2aq.— 
HgA',2HgO.-PbA',aq.—MnA',2aq (Engel, Bl, 
[2] 44, 424): beautiful crystals.-CuA',.—AgA'. 

Ethyl ether EtA'. (207°). 

Dissolves sodium, forming ON.CHNa.CO,Bt 
as a white, very hygroscopic, and easily fusible 
powder. This sodium derivative is easily acted 
on by alkyl iodides, thus CH,I gives rise to 
CH.CH(CEtH).CO,Et (194°). V.D. 4-34; 0,HJ 
gives 0 N.CH( 0 ,H 3 ). 00 ,Et (204°). V.D. 4-68; 
0,HJ gives 0 N.CH( 0 ,H 3 ).b 03 Bt (ai6°-220°). 
ClGO.OEt acts easily upon the Na derivative, 
giving ON.CH (CO/Et),. The mono-chlor- and 
mono-bromo-derivatives are formed with remark¬ 
able neatness. 0N.0H01.00..Et is a oolourlesa 

AA 
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liquid, with a pungent odour (100*^). V.D. 6*11 
(Henry, C. R, 104,1618; HaUer, BL [2] 48, 27). 

The following ethers have been obtained by 
the action of 9a and ethyl or methyl cyanacetate 
upon the corresponding diazo>chIoride8 

Methyl hemene-aao-cyanacetate 

04 H*.N^CH(CN).C 0 ,Me. [86®]. 

Ethyl bmzene-azo-cyanacetate 
0^j.N8.CH(CN).CO^t. [125"]. 

Methyl o4oluene-ato-cyanacetat$ 
0^,Me.N,.CH(CN).C03Me. [167°]. 

Methyl p-tolileTve-azo-cyanacetate 
C^ 4 Me.N,.CH(CN).COjMe. [133°]. 

Ethyl 0 ‘ioluene-azo-cyanacetate 
0^,Me.Kj.CH(CN).CO;Et. [126"]. 

Ethyl p-tolume-azo’cyanacctatc 
0,H,Me.N2.CH(CN).C0aEt. [74°] (Haller, C, R. 
106, 1171-1174). 

Amide CN.CHj.CONH,. [118^"1. Formed 
by dissolving cyano-acetic ether in a'queous am¬ 
monia, and allowing the solution to evaporate 
spontaneously. Crystallises from alcohol in 
small needles (Henry, C. R. 104,1618). 

Aoetyl-oyano-aoetio acid 

CH,.CO.CH(CN).COjH. 

Methyl ether MeA'. [47°]. From 
CH 5 .CO.CHNa.COjMe and cyanogen chloride in 
MeOH (Haller a. Held, C. R. 106, 210). Also 
from CN.CHNa.COjMe and acetyl chloride.— 
Ca(CjHjNO,),6aq: efflorescent crystals. 

Ethyl ether EtA'. Formed similarly; v. 
Ctano-aceto-acetic ethek. 

Propionyl-cyano-acetic ether 
CH,.OH,.CO.CH(CN).COjEt. (160") at 60 mm. 
—Ca(C 8 H, 5 N 03 )j 2 aq. 

n-Batyiyl-cyano-acctic ether 
I*rCO.CH(CN).COjEt. (171°) at 66 mm. — 
CaA '5 2aq.—BaA'jS^aq (Haller, C. R. 106, 
1085). 

Isobutyryl-cyano-acetic ether 
Pr.CO.CH(CN).C02Et. (173=) at 85 mm. — 
CaA'j 2aq. 

Benaoyl-cyano-acetic ether v. Cvano dekz- 

OTti ACETIO ACID. 

o-Toluyl-cyano-aoetio ether 
C«H,Me.CO.CH(CN).CO..Et. [35°]. Prisma 
(Haller, C. B. 107, 104):-CaA'j4aq. 

Phenyl-acetyl-oyano acetio ether 
CHjPh.CO.CH(CN).C02Et. Oil. 

binnamyl-cya&o-acetic ether. [104"]. 

Bi-omnamyl-cyano-acetfc ether 
(PhCH:CH.CO)jC(CN).C02Et. Silky needles. 

CYANO-ACETIC ALDEHYDE CH,(CN).CHO. 
(72°). S.G. ^*881. V.D. 2*33. Formed by the 
action of AgCN as an alcoholic solution of 
iodo-acetic-aldebyde. Colourless mobile liquid. 
Misc Ible with most solvents. It does not solidify 
at —20". It reduces Fehiing’8 solution, forms 
a oompound with NaliSO,, and is resinified 
by NaHO and HCl, HNO, oxidises it to cyano- 
aoetic acid. It forms with aniline a base (’118*^1 
(Chautard, C. R. 106,1167-116^ 

CYANO-ACETO-ACBYIC ET^E 
CH,.CO.CH(CN).COjEt. [27°]. (119°) at 

20 mm. Formed by the action of potassium 
cyanide on chloro-aceto-acetic ether; the salt 
CN.CHyC(OK):CH.CO,Bt being also formed in 
small quantity (James, A. 240, 61; C. J. 51, 
287; C. J. Proc. 3, 25). Formed also by treat¬ 
ing sodium aceto-acetio ether with cyanogen 
Stride, and from cyano-acetic ether and AcCl 


(Haller a. Held, Bl. [2] 47, 688; C. R. 96, 286 1 
104,1627; 106,116). 

Properties. —Silky needles, cannot bo dia* 
tilled. Insol. water, sol. alcohol and ether. 
Gives a characteristic red colouration with 
FojCl,. Decomposed by boiling alkalis into 
acetic acid, COj, and ammonia. 

Salts.—NaCjHgNO,: crystals (from alcohol). 
KA': needles (from alcohol); insol. ether and 
benzene.—CaA'a Saq: monoclinio crystals (from 
alcohol). 

CYANO-ACETONE C,H,NO i.e. 
CH,.CO.CH,CN. (o. 123°). From chloro 
acetone and KGy in dilute alcohol (Matthews a. 
llodgkinson, B. 15, 2679). Converted by alco¬ 
hol and HCl into aceto acotfo ether. 

Isomeride. [166"]. From chloro-aoetono and 
aqueous KCN (Glutz, J. pr. [2] 1, 141; cf. Ben¬ 
der, B. 4. 618). Very volatile crystals. Forms 
a crystalline compound with HI. 

w-CYANO-AGETOPHENONE v. EzitzoTL- 

ACETONITRILE. 

p-CyEDO-acetophenone ^ 
[4:l]C,H^(CN).CO.CH,. [61"]. From p-amido- 
acetophenone by displacing NH, by Cy (Ahrens, 

B. 20, 2956). Needles (from dilute alcohol). 
Boiling alcoholic KOII converts it into aceto¬ 
phenone p-carboxylio acid {q. t>.). 

Oa;imC,H,(CN).C(NOH).CH3. [160=]. 
CYANO-ACETYL BROMIDE CH2(CN).COBr. 
Appears to be formed, together with the isomeric 
bromo-acetyl cyanide, by heating AgCN with 
bromo-acetic acid and chloroform (HUbner, A, 
124, 315; 131, 66). Needles (from ether or 
chloroform). Converted by KOH into cyano- 
acetic and malonio acids. 

CYANO-ACETYL-DI.METHYL-DBEA 
NnMe.CO.NMe.CO.CHj.CN. (above 260°]. Pro- 
pared by the action of cyano-acetyl chloride on 
dimethylurea (Mulder, li. 12, 466). 

CYANO-ACETYL-UREA 

NHj.CO.NH.CO.CH 3 .CN. [200°-210°]. SI. sol. 
water and alcohol. Prepared by tne action of 
cyano-acetyl chloride on urea (Mulder, B. 12,465; 
Bl. [2] 29, 631). 

CYANO-ANOELIC ETHER 

C, H,.CH(CN).COjEt. (c. 218°). From sodium 
cyano-acetic ether and allyl iodide (Henry, C. R. 
104,1618). 

DI-CYANO-BENZENES v. NUHles of 
JsOPHTHALIO and Tebephtuauc acids. 

o-CYANO-BENZOIC ACID C,H,NO, i.e. 
C„H 4 (CN).COjH. Semi-rntrile of phthalic acid. 
Appears to be formed from o-amido-benzoio acid 
bythe diazo-reaction, but changes spontaneously 
into the isomeric phthalimide (Saudmeyer, B. 
18,1499). 

Ethyl ether A'Et:[70°]; needles; v.sol. 
alcohol, ether, &o., si. sol. hot water. Obtained 
from anthranilic ether by diazotisation and treat¬ 
ment with Cuj(CN), (Miiiler, B. 19,1498). 

m-Cyano-be&zoio acid C,H,(CN}COjH 
[217^]. . . 

Formation. —By the action of a hot solution 
of cuprous potassium cyanide upon m-diazo- 
bonzoic chloride {^ndmeyer, J3. 18,1408). 

Properties. —Microscopic needles. V. e. sol# 
ether, alcohol, and hot water. Gives isopbthalia 
acid on saponification. By distillation of the Ca 
salt with lime benzonitrilo is formed. By HNO, it 
is oxidised to isophtballc acid. By aloonoUo 
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ft is converted into the acid0„H„0,NjSprobably 
C,H,(CO^).C(NH).S.C(NH).CeH,(CO,H) [190^'] 
whence tin and HCl (nve ai-imido>»»^i'toluio 
acid. By treatment with fuming sulphuric 
acid and pouring the mixture into water it 
yields C,«H,aO^N; probably 
^ C«fi,(CO,H}.C(NH).O.C(NH).C,H,(CO^). 
[above 300®]. 

Salts.—CaH 4 (CN).CO.^g : insoluble pp.— 
AjCa 3aq ’ crystals, sol. hot water.—A'jBa3^aq: 
soluble crystals.—A'jZn : white pp. 

Methyl ether A'Me: ; crystals; v. 

si. sol. water, v. sol. alcohol, other, <&o. 

Ethyl ether A'Et: [66®]; crystals; nearly 


insol. water. 

Amide C.H,((Sv’).CONn,; [sbovo 300“]; 
V. sol. alcohol and ether, insol. water. 

Amidoxim C.,lI,(CO,H}C(NH,):NOH : 
[198°]; crystalline, Formed by the action of 
hydroxylamine upon vi - eyano - benzoic acid 
(iJi’umiBe, li. 20, 624; c/. Muller, B. 19,1494). 

p-Cyano-beazoio acid CJI,(CN)CO.iH [1:4]. 
Formed by the actira of a hot aqueous solution 
of cuprous potassium cyanide upon p-diazo-ben- 
zoic chloride (Sandmeycr, B. IB, 1496). Quickly 
changes into terephthalamic acid. 

Ethyl ether A'Et i [64®]; needles; v, sol. 
alcohol and other {Muller, B. 18, 2485). 

ISO-CYANO-BENZOPKENONE 
CJlj.CO.CaH,NC. [119°]. From 2 >-amido-benzo. 
phenone, chloroform, and alcoholic KOH (Doebner, 
Ji. 14, 1338). Silky neetUes, when hot it smells 
unpleasant. HCl splits it up into fonnic acid 
and amido-acetophonone. 

Z)i-p-cyano-beuzophenone 
CJI,(CN).CO.C«H,(CN). [206°]. Formed by dry 
distillation of calcium p-uyano-benzoate. Warty 
crystals. Sublimable. V. sol. alcohol, ether, 
and benzene,slightly sol. petroleum-other and hot 
water. With phenyl-hydrazine it yields the com- 
C,H^C(NII,):N,UPh 

pound ^C:NjHPh . Tlio latter body 
°‘®‘\C(NH,):N,HPh 

forms warty crystals [212°]; v. sol. alcohol, 
ether, benzene, and CS^ (Bromme, B. 20,521). 
Isocyano-beuzophenone v. Bknzovl-puenvl« 

CXRCAMINK. 


CYANO-BENZOYL-ACETIC ACID. 

Methyl ether CBzHCy.CO^Me. [74°]. 
From methyl oyano-acetate and BzCl (Barthe, 
C. E. 106, 1416). Long prisms, sol. ether and 
alcohol. Gives a rod colour with FeClj. Its 
alcoholic solution has an acid reaction. Boiling 
water splits it up intoCOaandPh.CO.CHXy [82°]. 
Its sodium derivative Cy.CBzNa.CO.^Me 
forms bard crystals, decomposing at 123°. Its 
barium salt BaiCBzCy.C^jMe),aq is also crys¬ 
talline. • 

Ethyl ether C,(,H,NO, t.e. 
C^vCO.CH(CN).C 03 Et. [41°]. From benzoyl- 
acetic ether, NaOEt, and GyCl. Also from 
CN.CHNa.CO,Et, and BzCl (Haller, C. B. 101, 
1270; 105,130). Prisms; sol.alcohol,aqueous 
alkalis, and Na.iCO,Aq. Gives an intense red 
colouration with FejCl,. Boiling water forms 
cyano-acetopbenone and GOf Alcoholic HCl 
gives COj and acetic and benzoic ethers. 

o-CYAKO.BEKZTL-AMINK 
C,H,(GN).OBL.NH,. Formed, together with 
phtbalio aoia» by digestixtg phihal-o-oyaao- 


benzyl-imide with fuming HCl. TIte solution ol 
its hydrochloride is converted by nitrous acid 
into nitroso-phthalimidine.—B'HCl aq: glisten- 
ingneedles. PicrateB'CsH 2 {NO.)s 0 H:sparingly 
soluble yellow crystalline pp. (Gabriel, B. 20, 
2232). 

o-CYANO-BEKZYL CHLOBIDE 
C,H4(CN).CH.,C1[1:2]. [61°]. (252° at 768 mm.). 
Monosymmetrical colourless crystals aib’.e 
»*7775:1: *2939, B *= 60° 2'. Prepared by leading 
chlorine into nearly boiling o-oyano-toluene till 
its weight has increased by 30 p.o. (Gabriel a. 
Otto, B. 20, 2222). 

^>-CYA^O-BENZYL.CYANIDE 
CfiU,(CN).CHMCN [1:2], o-Cyaiio-jjhcnyl-aceto- 
mtrile^ [81°] ♦ 

Preparation. —o-Cyano-benzyl chloride (30 
pts.) is added to a solution of 16 pts. of potas¬ 
sium cyanide (96-08 p.o. KCN) in 60 c.o. of water 
and 300 c.'^. of alcohol. After cohobating for 
I hour, § of tlie alcohol is distilled off and the 
residue poured into water (about | litre); the 
crystals which separate are recrystallised from 
alcohol (yield: 26 pts.) (Gabriel a. Otto, B. 20, 
2224, 2502). 

Propcrfics.—Colourless plates. V. sol. ordi¬ 
nary solvents. By warming with alcoholic so¬ 
dium ethylate and Mel or EtI it is converted 
into C«H,(CN).CHMe.CN or C,H,{CN).CHEt.CN. 
Uy heating with cone. HjSO^ at 80°, and pouring 
the product into water it is converted into the 
imido of phenyl-acetic-o-caiboxylio acid 
XH 2 .CO 

cAC 1 • 

\ CO.NH 

w-CYANO-BENZYLIDENE-PHTHALIDB 

C«C{CN).C,H, 

CaH4<^^0 [165°]. Fine yellowish needles. 
CO 

Formed by heating phthalio anhydride with 
benzyl cyanide, best with addition of dry sodium 
acetate (Gabriel, B. 18, 1264). 

o-CYANO-BENZYL-PflTHALIMIDE 

C«N.CII,.C,U4{CN) 

Ci.HijNjOj i.e. C.n,<^^0. PMImI- o-eyano- 
CO 

bemyl-imide. [132°]. Prepared by heating 
phthalimide-potassyim (9 pts.) with o-cyano- 
benzyl ohloride (7 pts.) slowly from 100° to 120°. 
Large prisms. By boiling with fuming HCl it 
is split up into phthalio acid and o-cyano-benzyl- 
axnine (Gabriel, B. 20, 2231). 

exo-CYANO-BENZYL-UREA v. Phenyl- 

URAMIDO-ACETONITEILS. 

CYANO-BOBKEOL. Has been shown by 
Haller to be bornyl carbamate (q. o.). V. also 
CiNEOL. 

j).CTAN 0 -I 80 BUTYl-BENZENE v. Nitrile 

0/2)-(MO)-BnTYL-BBNZOIO ACID. 

a-CYANO-BTTTYBK^ACID 

CH,.CH,.CH(CN).COjH. 

• Ethyl ether EtA'. (200° cor.). S.G. S 
1*009. From o-bromo-butyrio ether, alcohol, 
and HgCyjK^Cy, at 180° (Markownikoff, A. 182, 
830). Also from sodium oyano-acetio ether and 
EtI (Henry, O. li. 104,1618). 

Amide CH,.CH,.CH(ON).CONHy [113°J. 
Pearly scales (from alcohol)* 
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CTAIfO.BTrTTRO.ACETIC ETHEB Isohutyl 6th6f CN.CO,CHsPr. (140®)* 

CH.,Me.CH2.00.CHCy.00J5t. (c. 172®) wnder AHyi etAer CN.COjCjHj. (135®). From 
66 mm. From sodium oyano-acetio ether and di-oyano-propyl alcohol (dicyanide of allyl ^co- 
butyryl chloride (Haller, 0. R. 106, 1083).— hoi) and fuming HCl (Wagner a. Toliens, B, 6. 
CaA',2aq.—BaA',3aq. 10,45). 

Cyano-lso-butyro-acetlc ether imide ON.CONHj. [60®]. Formed, together 

CHMojCO.CHCyCOaBt. H74®)at85mm. Formed with oxamide, by passing cyanogen into 96 p.c. 
asabovefromiBobuty^lohloride(H.).—CaA',2aq. acetic acid and, after a few hours, heating to 
CTANO-CAMPHOk V. Camphor. 100® (Beketoff, J.R. 7,99). Tables, v.sol. water, 

CTAKO>CAKBIMIBAHIBO‘BBKZOIC ACID alcohol, and ether. Split up at 120® into HCy 
•. Tol. i. p. 157. and cyanurio acid. 

CTANO-CABBONIC ACID v, Ctanofobmio Dimethyl amide ON.CO.NBty (220®) 

ACID. From u-di-ethyl«ozamide and P..O, (Wallaoh, B. 

CyANO.CAEBOXAMIDO BENZO'.'C ACID v, 14, 737). Oil; volatile with 'steam; si. sol. 
vol. i. p. 157. water. Lighter than water, r PCI. gives ' ohlor* 

CYANO-TEI.CABBAI.LYLIC ETHEB oxalethyline.’ 

C,,H„KO# i.€. C(CN)(C 0 aEt)(CH;jC 03 Et)j. Para-cyano-formio acid (CN.CO^H).. From 

[41°). (187®). Formed in small quantities in Us ethers by treatment with cold aqueous KOH; 
the preparation of cyano-succinio ofher (g. v.). the acid is then ppd. by HCl as a bulky mass, 
It is also formed from cyano-sucoinic ether by insol. alcohol and ether, v. si. sol. water. Boiling 
Na and chloro-acetic ether. Colourless. Sol. water converts it into oxalic acid and NI^. 
alcohol and ether; insol. water and alkalis Salts.—K„(C^O j)b: needles (from 

(Haller a. Barthe, 0. B. 106,1414). water).—Ag„(Cj{N02)„; yellow pp,, insol. HNO,. 

w-CYAHO-CINNAMYL-UKEA v. Nitrile of Methyl ether MeJCOCN),. [154®]. Ob- 
pRENYL-a-uBAMmo-CROTONio ACID. tained by polymerisation from methyl cyano- 

CYAHO - CBOTOHIC ACID C,H 4 (CN) 03 H. formate under the influence of HCl. Also from 
When liberated from its salts by an acid, it the silver salt and Mel. Small needles, 
changes to acid ammonic crotaconate. BfhyJ ethsr Et,(COCN)„. [165°]. Formed 

Salt.—KA'. From o-chloro-crotonio acid, by saturating cyano-formic ether with HCl and 
cold dilute alcohol and KCy (Claus a. v. Waso- heating the liquid to 100® for several hours, or 
wicz, A, 191, 09). Boiled with KOH it forma leaving it to itself in the cold for a few weeks 
crotaconio acid (g. v.).—AgA'. (Weddige). Six-sided prisms, v. si. sol. cold, si. 

^-Cyano.crotonic€thorCH,.C(CN):CH.C 03 Et. sol. hot, alcohol. Cannot be distilled. Boiling 
[71®]. Prom accto-acetic ether, fonnamidino alkalis give oxalic acid, NH„ and alcohol, 
hydrochloride, and dilute aqueous Na^CO, (Pin- Isobutyl ether (PrCHj)-(COON),. [168®]. 
ner, B. 18, 2846). Needles (from ether). Amiric (CN.CO.NH,),. Amorphous. 

CYANO-ETHYL-ACETO-ACETIC ETHEB Methylamide (CN.CO.NHMe).. [250®]. 

CH,.CO.C(CN)Et.CO,Et. (108°) at 18 mm. Needles. 

S.G. *2 - 975 . Prom sodium aceto-acetic ether Anilide {CN.CO.NHPh)„. Needles, 
and CyCl, followed by water (Held, C. B. 98,522). CYANOGEN CN. Mol. formula C.,Nj. MoL 
Oil; insol. aqueous alkalis. Boiling aqueous w. 62*96. [—34*4®] (Faraday, A.66,158; Loi^a. 
KOH gives acetic and butyric acids, NH„ and Drion, J. 1860. 41). (o. -20°) (Bupsen, P. 46, 
CO,. • 101). S.G. *866 at 17® (Faraday). V.D. 1*806. 

CYANOFOBM CHCy,. From chloroform S. (gas) at 20® = 4^; 8. (gas) in alcohol at 20° 
and alcoholic KCy at 130® (Fairley, C. J. 11, »23; 8. (gas) in ether at 20®«6. Vapour- 
362; Pfankuch, cT.pr. [2] 4, 38; 6,97. Accord- pressure in atmos. at —17*7° = 1*26, at —9*4° 
ing to Claus, A. 101, 35, cyanoform does not =^1*72, at — 6°«2, at 0® = 2*87, at +6*9®-3, at 
exist). Small needles. Decomposed by HCl 17*2® »= 4, at 25® =6, at 31*3®*= 6, at 37*4° « 7 
into NH, and methane tricarboxylic acid (Faraday, Lc.), fio = 1000804, fim = 1*000834, 
CH(CO,H),. , Mo «1'000896 (Croullebois.A.CA. [4] 20,186; v. 

Compound. —With mercuric iodide • also Chappuig a. Riviere, C. B. 103,37). H.F. 

3HgI„(CHOy,)„ crystalline needles got by heat- [C^N*1» -66,700; H.O. [C*N\0*]»259,620 (Th. 
ing iodoform with alcoholic HgCy^ at 120®. 2, 388). For spectrum v. Wullner (P. 144, 617), 

CYANO-FOBMIC ACID CN.CO^H* Cyano- and Giamioian (W. A. B. 79 [2nd part], 8); dig- 
carbonic acid. Semi-nitrile ^ oxalic acid. persion v. Croullebois {A.Ch. [4] 20, 186), and 
Methyl ether CN.COjMe. (101°). From Mascart(0. B. 71,617,679). For transpiration- 
methyl oxamate NH2.C0.C02Me and P,0, coefficient v. Meyer (P. 143,14). 

(Weddige, J.pr. [2] 6,117; 10,193). Pungent Cyanogen was first prepared by Gay-Lussne 
oil. Quickly decomposed by water into HCy, in 1815; he compared cyanogen with ohloriiH*. 
methyl alcohol, and CO^. Combines with H^S, and the compounds of one with those of the 
forming NH,.GS.CO,Me. other, hence arose the conception of the com- 

Ethyl ether CN.CQjEt. (116°). Formed pound radicle CN replacing the eimvle radicle 
bv distilling oxamio ether with PjO.. Formed CL The name cyanogen (from nlavos) was sug- 
also by distilling NH^CCVCOjEt, the produo| gested by the colour of Prussian blue, which was 
of the action of PCI, on oxamio ether (Wallach, the earliest known compound of cyanogen. 

A. 184,12; B. 8,299). Oil, lighter than water. The formula Cf is often used to denote 
Slowly decomposed by cold water into CO., cyanogen. 

alcohol, and HCy. Cone. HCl gives oxalic acid. Occ«rre7ice.—In the gas from coke-ovens 
Ammonia forms NH,Cy and carbamic ether; (Bunsen a. Playfair, J*. 42,145). 

alkylamines act similarly. HI reduces it to Formation. —1. By passing induction-sparks 

amido-acetio ether. between carbon poles in an atmosphere of N 
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E ^orren, C. 48, 842). 2. By heating 

H 4 ),C.^ 0 « or CaO^(Naj„ either alone or with 
bydrating agents (Dumas, A. 10, 205; Berta- 
gnini, A. 104.176).-8. By heating AgON (Del- 
bruok, A. 64. 296) or Au(GN), (Himly, A, 42, 
157,337). 

Preparation.—Perfectly dry mercuric cyanide 
is heated in a dry flask or small retort with a 
long exit tube dipping under mercury in an in¬ 
verted tube; the cyanide is decomposed to 
cyanogen and mercury, which condenses in the 
exit tube. 

Pro^rties.^A colourless gas, with penetra¬ 
ting odour resembling that of HON. Very 
poisonous. Burns with purple dame. Liquefied 
by cold and pressure; at -20*7° at ordinary 
pressure; liquefaction may be effected by heat¬ 
ing Hg(CN), or porous charcoal saturated with 
cyanogen jMelsens, 0. R. 77, 781) in a Faraday* 
tube {cf. also Hofmann, B. 3, C63). At very low 
tempgratures freezes to a crystalline, ice-like 
mass. Liquid cyanogen is a colourless, mobile 
liquid; nou-coudfictor of electricity; dissolves 
P, I, camphor, and various other bodies {v. Gore, 
C. N. 24, 303). Cyanogen gas is absorbed by 
Hg at c. 100° (Amagat, C. li. 68 , 1170); it is 
also largely absorbed by porous charcoal (Hunter, 
C.J. [2] 9, 76; 10, 042). Cyanogen combines 
with several non-metals, e.g. with Cl, Br, I, S, 
P; it also forms compounds with most of the 
metals; in its chemical relations it shows analo¬ 
gies with the halogens, e.g. in the composition 
and properties of the acids HM and HMO, 
where M = C1, Br, or CN, and in the composi¬ 
tion of many cyanides. The hydracid HCN is 
much weaker than the corresponding halogen 
acids. Substitution of H in aromatic hydro¬ 
carbons by the group CN generally results in the 
production of compounds one or more H atoms 
in which are acidic (o. Meyer, B. 20, 2944; 
Sobneidewind, B. 21,1323; Papcke,B. 21,1331; 
Enoevenagcl, B. 21,1344). The modes of pre¬ 
paration of cyanogen, e.g. from (NH 4 ) 2 C. 204 , and 
its reaction with to form 020 j(NHJ 3 , show 
that it is the nitrile of oxalic acid. 

Reactions. ~l. Heated to c. 500° paracyano- 
gen is slowly formed (Troost a. HautefeuUle, 
C. i?. 66 , 735, 795; v. also Pab&ctanooen), at 
0 .1200° N is liberated (Meyer a. Goldschmidt, 
B. 15,1161). Heated in presence of iron or pla¬ 
tinum C and N are formed. -2. Decomposed to 
0 and N by a series of electric sparks, but after 
a time re-formation of Cy begins (Buff a. Hof¬ 
mann, A. 113, 129; Andrews a. Tait, Pr. 10, 
427).—3. Water dissolves Cy, the solution slowly 
decomposes, except an acid be present (Gianelli, 
J. 1856. 436), with separation of brown flocks of , 
azulmio acid (Pelouze atBichardson, A. 26, 03), 
and formation of NH 4 oxalate ^and carbonate 
(Vauquelin, A. Oh. 9, 113; 22, 182), and also 
HCN and C0.2NHj (Wohler, P. 16, 627).—4. AU ; 
coholic and ethereal solutions decompose simi¬ 
larly to aqueous solutions (Buff a. Hofmann, A, 
113,129; Marchand, J.pr. 18,104).—6. Water 
in presence of aldehyde produces oxamide.— 
€. With sulphuretted hydtytgen cither cyan4hi0' 
foniiamide (CN.CS.NH.^) (q. 0 .) or dithio-oxamide 
iNH,.CS.CS.NH,) {q. v.) is formed, according as 
the Cy or the H 38 is in excess.—7. Chlorine re- 
acts only in presence of moisture and sunlight, 
CNCl and (CN),G1| are formed (Serulias, A. Ciu 


[a] 85, 291, 837).-8. Hydrogen at 600°-660» 
forms HCN (Berthelot, Bl. [2j 33,2); HCN is also 
produced when electric sparks are passed through 
a mixture of Cy and H (Boillot, C. B. 76,1132). 
Nascent hydrogen (Zn and HClAq) produces 
ethylene-diamine {q. v.) (Fairley, A. Suppl. 8 , 
871).—9. Potassium and sodium heated in Cy 
form cyanides.—10. Strongly heated iron decom¬ 
poses Cy with formation of 0 and N.—11. Zinc 
forms cyanide, rapidly at 100 °; cadmium, copper, 
and lead, at high temperatures, form small quan¬ 
tities of cyanides; mercury and silver do not re¬ 
act (Berthelot, Bl. [2] 83, 2).—12. When a mix¬ 
ture of Cy and oxygen is submitted to a powerful 
electric spark, explosion occurs with production 
of CO and GO 3 ; with a weak spark no explosion 
occurs; the explosion is not dependent on the 
dryness of the gases; slow combustion occurs in 
presence of strongly heated Pt (Dixon, 0. J. 49, 
884).—13.*^Cone, cold hydrochloric acid produces 
oxamide (Schmidt a. Glutz, B. 1, 66 }; HCl in 
absolute alcohol forms oxalic ether (Volhard, A. 
150,118; Pinner a. Klein, B. 11,1481).—14. Cone. 
hydriodicacid when cold forms oxamido (Schmidt 
a. Glutz, B. 1, 66 ); when hot forms glycocoll 
(Emmerling, B. 6 , 1352); at 280° forms NH, 
and CjH* (Berthelot, J. 1867. 347).—16. With 
potash, cyanide and oyanate are formed.— 
16. With dry ammonia, hydrazuhuin, C 4 HaNa 
(g. V. vol.i.p. 429), is formed; when Cy is passed 
into very cone. NH,Aq, azulmic acid, C 4 H^NjO 
(q.o.vol.i.p.429),i8produced; with dilute NHgAq 
oxamide is formed along with NH„ oxalate, and 
oxamato. 

Combinations. — 1. With hydrogen to form 
HCN (v. Reactions, No. 8 ).—2. With water in 
presence of aldehyde to form oxamide.—3. With 
sulphuretted hydrogen to form oyan-thio-form- 
amide or dithio-oxamide (v. Reactions, No. 6 ).— 
4. With ammonia to form hydraznlmin, 4 fto. (v. 
Reactions, No. 16).—5. Witn some metals to 
form cyanides ( 0 . Reactions, Nos. 9,10,11). 

PoLTHEKiDE OX CYinoQEN. Fantoyanogeu 
xON. Whoa HgCy, or AgCy is heated, a partis 
changed to a loose, brownish-black solid, having 
the composition xCN ; the value of x is unknown; 
Maumen4 thinks it may be 4 {Bl. 35, 597). 
Liquid cyanogen is slowly polymerised by heat¬ 
ing (at 350°-600°, Troost a. Hautefcuillo, C. R. 
66 , 735, 795). Paraoyanogen is prepared by 
heating dry HgC/, to 440° in a closed tube for 
24 hours, and then passing cyanogen into the 
tube at the same temperature to volatilise and 
remove the Hg (T. a. H., I.c.). The quantity of 
paracyanogen formed depends on the temperature 
and pressure. Heated to 800° in a closed tube, 
or heated in a stream of CO 4 or N, paracyanogen 
is changed to cyanogen. At each temperature 
equilibrium results between the cyanogen and 
paraoyanogen when a definite pressure is at¬ 
tained ; T. a. H. give the following data;— 


Temp. 

BilUilibriuni-pressure 

602° 

• 34 mm. 

506 

60 „ 

559 

12,1 „ 

676 

139 „ 

687 

167 

699 

276 „ 

601 

818 „ 

629 

868 „ 

610 

1311) „ 
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Heated in H paraoyanogen forms HON, NH„ 
and C (Delbrilok, J,pr, 41, 161). Witli molten 
KOH It forms EON and EONO; boiled with 
cono. EOHAq it is slowly dissolved with evolu- i 
tion of NH,; by prolonged boiling with cone. | 
HNOyAq it forms a yellow solution. 

Cyanogen bromides. Two are known, ONBr | 
and xGNBr, x probably hd 8. Mol. w. of the poly- 
meride is not known with oertainty, analogy with 
0,K,C1, points to formula GgN^r,. For prcpara- 
tion, &o., V. CiANOOEN BKouiDB and Otamdbio I 
nnoMiDE, under Ctinxo acxn, p. 313. 

Cyanogen chlorides. Two are known, CNCl 
and OaN,Cl» v. under Ctamio acid, p. 312. 

Cyanogen iodides. Two are known, CNI and 
a polymeride which is probably (CN),!,; v. under 
CtAMio ACin, p. 313. 

Cyanogen phosphide (CN),P. {Phospfiorus 
cyanide.) Mol. w. not determined. White 
needles; very easily decomposed in contact with 
moist air to P. H^O„ and HON. Melts at 200°- 
203°, and boils a few degrees higher. Takes 
fire when slightly heated in air. SI. sol. ether, 
CS.^, and PCI,. With alcohol forms ethylic 
phosphite and HCN, Prepared by moistening : 
AgCy with PCI, at a low temperature, closing 
the tube, and heating to 130°-140° for 6 hours, j 
warming {after opening the tube) to remove ex- I 
cess of PCI,, and heating residue to 130°-140° in ! 
a stream of dry CO, till the P(CN), sublimes 
{Hiibner a. Wehrhane, A. 127, 254 ; 132, 277). 

Cyanogen selenide ?(CN),Se (Schneider, P. 
129, 684). Colourless plates; obtained in small 
quantity by adding d^ AgCy to a solution of 
Be,Br, in CS,, and crystallising from CS^. De¬ 
composed by hot water to Be, HjSeOj, and 
HCN. 

Cyanogen sulphides (CN),S, and (CN),S 3 . 
Mol. w. of neither has been determined. 

I. CiAKOOEN SULPHIDE. {SulphuT Cyanide. 
Sulphocyanic anhydride.) (CN)jS. Produced 
by reaction between SI, and AgCy, SCI, and 
HgCy„ and Cyl and Ag,S. Prepared by mixing 
ether^ solution of Gyl with an equivalent 
quantity of AgNCS, evaporating with constant 
stirring, and allowing to stand in a small closed 
vessel; the residue is treated with boiling CS, 
which dissolves the Gy,S, leaving Agl; the liquid 
is cooled to 0°, and the crystals are dried in 
vacuo over HjSO,. Forms rhombic plates melt¬ 
ing at c. 60°; decomposed ty heating in moist 
air; sol. ether, alcohol, and water; decomposed 
by HjSO^Aq, HClAq, or HNO,Aq; with NH, 
forms NH,CyS; with H,8 forms HCN, HCNS, 
and S (Linnemann, A. 120, 36). 

n. Ctaeoobh pehsulphidb (CN)^S,. Ob¬ 
tained along with (CN),8 in reaction between 
AgCy and SGI,. Exists in two forms: (11 colour¬ 
less crystalline mass, sol. CS,; (2) dark-yellow 
powder, formed by spontaneous change of (1), in¬ 
sol. alcohol, ether, water, or CS„ becomes elec¬ 
trical when rubbed (Schneider, J. pr. [2] 82,187). 

III. The compound V;,N,HS, is sometimes 
called PsEUDooYANooBB SULPHIDE. This body is 
produced by the action of oxidisers on HSCN or 
on soluble sulphooyanides. Obtained by passing 
Cl into ESCNAq, or gently warming a solution 
of 1 pt. ESCN in 3 pts. water with ^ its weight 
of cone. HNOjAq; the yellow pp. is re^atedly 
washed with hot water (HgC^NiS, is dissolved 
pat, Jamieson, A. 69,839), tnen with CSg (which 


removes S. Tjinnemann, A. 120, 36), It is then 
dissolved in cono.le-ppd. by water, 
dried, boiled with absolute aloohol and again 
dried (V6lckel, A. 80, 120; Letnii, B. 8,767; 
I{,aurent a. Gerhardt, A. Clt. [3] 19, 98; Liebig, 
P. 16, 54C; Wdhler, Q. A. 69, 271). Inaol. in 
water, alcohol, and ether; sol. without change 
in cono. H,SO, and in dilute alkalis; si. sol. in 
NH,Aq. Decomposed by molten KOH to ESCy 
end KCyO; heated with cono. NH,Aq to 100° 
NH^SCy and 0,H.N,S (thio-ammelin) are formed. 
Heated with PCI, reacts thus CaSjN^H + 8PG1, 
= C,N,Cla + 2PC1, + PSCl, + S,C1, + HCl (Pono- 
mareff, C. It. 79, 13.'?5). Heated alone, gives 
CS^, S, and mellone (C„N.jH,) (Liebig, P. 16,646). 
Heated with Cl, forma CyCl, kjCl.^, and mellone. 
Gone. HClAq at 130°-140° produces CS.^, S, and 
cyanuric acid. Not acted on by nascent H, nor 
by HIAq (Glutz, A. 164, 39, 44, 48). 

M. M. P. M. 

CYANOGEN HYDBOXIDE v. Cyanic acid. 

CYANO-MALONIC ETH^ CN.CH.(CO,Et),. 
Formed by acting on sodium malonate with 
cyanogen chloride. Formed also from sodium 
cyano-acctic ether and ClCO^Et (Haller, Bl. [2] 
39, 202; C. R. 95, 143; 105,169). Strong acid, 
forming crystalline lead and calcium salts. 
Boiling alkalis give malonic acid. 

Salts.—NaCCy(COaEt)J; slender needles.— 
CaA',; 2\aq: tricUnio prisms.—PbA', aq. [88°1. 

CYANO-MEIAMIDINE v. Guanidine. 

GYaNO- METHYL-ACETO-ACETIC ETHEB 
CH,.CO.CMe(CN).CO^t. (c. 93°) at 20 mm. 
S.G. *990. From methyl-accto-acetio ether, 
NaOEt, and CyCl (Held, C. R. 98, 622; Bl. [2] 
41, 330). Oil; insol. alkalis. Bolling alkalis 
form acetic and butyric acids. 

CYANO - NAPHTHALENE v. Nitnle of 
Naphthoic acid. 

CYANO-NAPHTHOPHENAZINE C„H,CyN, 
[237°]. From sodium napbthophanazine sul- 
phonate by distilling with KCy and KsFeCy- 
(Brunner a. Witt, B. 20, 2660). Alcoholic EOH 
gives naphthophenazine carboxylic acid [above 
300°J. 

a - CYANO-(a)- NAPHTHYL - a- AMIDO - PKO- 
PIONIC ACID CH,.C{CN)(NHC„H,).CO.^. 

Ethyl ether A'Et. [134°]. Formed by 
digesting a-c|jrano-a-oxy-propionic ether with (a)- 
uaphthylamine. Small white plates; sol. not 
water, sparingly cold, v. sol. alcohol and benzene 
(Gerson, B. 19, 2968). 

a.Cyano-(i8)-naphthyl-a.ainido-proplonic acid 
CH,.C(CN)(NHC,„H,).CO,H. 

Ethyl ether A'Et. Formed by heating a- 
oyano-a-oxy-propionic ether with (6)-naphthyl- 
amine. Small rosettes; sol. benzene and hot 
alcohol, neai4y insol. water and cold aloohol 
(Gerson, B. 19, 2969). 

a-CYANO-a-OXY-PBOPIONIC ACID 
CH,.C(0H)(0N).C02H. Pyruvic-acid-cyanhy- 
drin. Crystals (containingEtOH); [161°]. Formed 
by slowly adding pyruvic acid to ECN suspended 
in boiling aloohol (Gerson, B. 19, 2963). 

CYANO-PHENOL v. Nitrile of Ozy-bekzoio 
ACID. 

o-CYANO-PHENYL-ACETO-NITHILE t>. o* 
Cyano-bbnzyl cyanide. 

I 6 - CYANO - PHENYL - 3 - AMIDO - BUTYBIC 
ETHER CH,.C(ON)(NHPh).CH,.CO.Et. Formed 



CYANO-mYLAMIDO-PBOPIONIO ETIIEU. 


hy the aetloa of amline upon the oyanhydrin of 
acetoaeetic ether (Sohil]er*WeohBler,B.18,1080). 

a. CYAKO .a.PHENYt - AMIDO - PROPIOKIC 
BTHER CH,.C(CN){NHPh).CO,Et. [102°]. 
Formed by digesting' an alcohoHo solution of 
a-cyano-a-oxy-propionio ether with aniline for 
24 hrs. at 80°. Large trimetrio crystals, a:6:c 
• ♦7902tl*0:l-6C366 (Gerson.B. 19, 2963). 

o-CYANO-PHENYL-BiyTyEONITaiLE 
C^H,(CN).CHEt.CN. a-EthyUhomo-o-phthalo- 
nitrile. [40®]. (294°). Formed by warming 

o-cyano-benzyl'Oyanide C,H,(CN).GH2.GN with 
alcoholic NaOEt and EtI. Short thick prisms. 
By heating with cone. il^SO^ and pouring into 
water it is converted into the imido of phenyl- 
• /CHEt.GO 

ethyl-acetio-o-carboxylio acid 1 

\C0—NH 

(Gabriel, B. 20, 2605). 

DI-CYANO-DI-PKENYI-ETHANE 
CN.GHPh.CHPh.Cl^. [218°]. Crystalline solif 
For>nation.'-‘l. ^9 reduction of di-cyano*di- 
phenyl-ethylene vnih sodium-amalgam.—2. To¬ 
gether with di-oyano-di-phenyl-ethylene by boil¬ 
ing phenyl-bromo-acetonitrile with an excess of 
alcoholic KCN (Beimor, B. 14,179'.)). 

DI-CYANO-Bl.PIIEaYL-ElHYtENE 
CN.Crir.CPh.CN. Di - cyano - stilbt'ne [168°]. 
Colourless plates. Insol. water, sol. hot alcohol, 
benzene, acetic acid, and CS.^. Prepared by the 
action of bromine on benzyl cyanide, or from 
phenyl-bromo-acetonitrile by heating to 170°, 
or, bettor, by boiling with alcoholic KCM 
(Beimer, B. IH, 742; 14,1798). By boiling with 
edcoholio KOII it gives diphenyl-fumario anhy¬ 
dride. By reduction with zinc and llCl it gives 
a compound of the constitution C,«H,4N.i which 
forms small needles melting at [208°]; insol. 
a'ater, sol. alcohol. 

CYANO-PHENYL-METHYL-TBIAZOLE 
N—NPh 


0,oH,N 4 .probably / \ [109°]. 

MoC-N=C(CN) 

Formed by the action of acetic anhydride upon 
di-cyan-phenyl-liydrazine. Also by wanning 
di-cyan-phenyl-hydraziiie with pyruvio acid in 
alcohol: Ph.N(NH2).C{CN):NIi -h CH,.CO.CO,H 
- + IICO.Il -f HjO. By alcoholic KOH 

it is converted into phenyl-methyl-triazole-car- 
boxylio acid [170°] (Bladen, B. 19, 2598). 
o-CYANO-PHENYL-PEOPIO-NITRILE 


CaH4(CN).CHMe.CN. a-Mcthyl-hoiw-o-phtJialo- 
nitrile. [37 ’]. (285°). Large trimetrio crys¬ 
tals ; a:6:c »•0449:l;l-0809; a =. 97°2', j8 «103°13', 
7 = 87° 11'. Prepared by wanning an alcoholic 
solution of o-cynno-benzyl-cyanide (o-cyano- 
phenyl-aceto-nitrile) with KOH and methyl 
iodide. V. sol. oidiuarywolvents, si. sol. ligiom. 
By heating with cone. H^SO^ %t c. 130° and 
pouring into water it yields the imide of phenyl- 
XUMe.CO 

methyl-acetio-carboxyllo acid G.H^ I . 

\CO-NH 

(Gabriel, B. 20, 2503). . 

CYANO-PHENYL-TETEAZOLE 


<k4.c,' 


Formed by the action of nitrous 


acid upon di-cyano-phenyl-hvdrazine. On 
saponifioation it gives phenyl-tetrazole-car¬ 
boxylic aoid (Bladin, B. 18,2907). 


m 

«.CYANO.PEOPIONIC ACID 
CH,.CH{GN).C02H. 

Ethyl ether EtA'. (191°). V.D. 4-34. 
From sodium cyano-acetio ether and CyGl 
(Henry, C. B. 101,1618). Heavy oil. 

8-Cyauo-propiouic acid. A mi de 
CN.GH2.GH2.C0NII.^. Formed, together with 
ethylene cyanide, by digesting ethylene bromide 
with alcoholic KCy (Pinner, B. 16, 360), Prisms 
(from water). 

Cyano-propionicaoid (?)C4H4NOa. Prepared by 
dissolving wool (1 pt.) in water by means of KOH 
j (Spts.), and oxidising by KMnO, (2pt8.) (Waiik- 
j lyn a. Gooper, P. M. [6] 7., 366). Amorphous, 

I pale yellow, brittle solid (containing 1| aq), 
i Softens at 100°. V. sol. water and aloohoL 
! When strongly heated it gives off acetonitrile, 
: Potash-fusion gives ethylamiue and oxalic 
I acid. 

SaU8.»~Sol. water, but not in alcohol.— 

' KA'aq. — KA' 4aq. — KA' r>aq. — CaA', 4aq (at 
I 100°). — BaA'^3aq (at 100°).—Ba,A'407aq.— 
PbA'jaq (at 100°).—MgA'.^Haq.—AgA'^aq (at 
100°).—Ag,A',{OH) a(i (at 100°). 

CYANO-PEOPIOKYL-AOETIC ETHEB 
CH,Me.CO.CHCy.GO,Et. (100°)at50ram. From 
sodium cyano-acelic ether and propionyl chloride 
(Haller, C. R. 106, 1083).—CaA'^'iaq: long 
needles, v. sol. water. 

DI-CYANO-PROPYL ALCOHOL 
CH,Cy,CHCy.CH,OH. (151°). From allyl al- 
cohol and cyanogen (Tollens, B. 5, 621). 

CYANO-PYEIDINE v. NUnle of PvKinisii 

CARUOXYLIC ACID. 

CYANO.QPINOIINE v. NitriU of QuimunB 

CARBOXYLIC ACID. 

CYANO-SBCCINIC ETHER 1$. 

CH(CN){CO,Et).CH,.CO,Et. (158°) at 14 mm. 
Formed, together with cyano-tncarbaliylic ether, 
by the action of sodium on cyanoacctic ether 
dissolved in alcohol, the product being decom¬ 
posed with chloro-acetic ether. Oil. Sol. alco¬ 
hol, ether, and alkalis (Haller a. Barthe, C. B. 
106,1413).—C„H„NaNO.. 

CYANO-TEREPHTHALIC ACID 
G,H,{CN)(CO^H)^. From amido • terephthalic 
acid by cuprous cyanido and nitrous acid 
(Ahrens, B. 19,1635). Anioiphous yellowraass. 
Decomposed by boding alkalis into trimollitio 
acid. » 

w-CYANO-o-TOLDIC ACID C,H,NOj 
CN.CH.,.C,H,.CO,H. [116°]. From phthalide 
and alcoholic KCy (W. Wislicenus, A. 233,102), 
Crystalline powder (from HOAo). Aqueous 
KOH gives CO.,H.CH,.C«H4.COH. --CaA',2aq. 

0 - CYANO - 0 - o -TOLYLAMIDO - BUIYEIO 
ETHER CH,.C(CN)(NHC,H,).CH,.CO.,Et. 
Formed by heating the cyanhydrin of aceto- 
acetic ether with o-toluidino (Schiller-Wechsler, 
B. 18,1050). 

a - CYANO - o. 0 - TOLYLAMIDO - PROPIONIC 
ETHER CH,.C(CN^(NHC,H,).COaEt. t93°J. 
Formed by digesting a-cyano-o-oxy-propioiiic 
• ether with o-toluidine in alcoholic solution. 
Small white needles; v. sol. bonzeuo and warm 
alcohol, sL sol. cold alcohol, insol. water (Gerson, 
B. 19, 2966). 

a-Oyauo-a-p-tolylamido -propicuic ether 
OH,.C(CN)(NHC:H,).CO,Et: [81°]; glistering 
spangles; sol. alcohol and benzene, si. sol, water 
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OrANO-TOLYI.AMIDO-PKOPIONIC ETHER. 


Formed bj digesting a-oyano-a-oxy^propionio j Silver cyanurates. (I) Ag^HKj0,0,; pp. 
«ther in alooholio solution with p4oluidiae obiaioedbyaddingo/aouno aoidtosliveracotate 
(Qerson, B, 19, 2967). in acetio acid (W., I.c.). (2) AggC,NjOj ; by odd- 

rCYAKO-VAIEEIC ACID C,H,CjOa i.«. ing hot AgNO,Aq to hot HjN.CaO, in NH,Aq, 
0«H,Cy.C02H. [96°]. Formed by heating Valero- and drying pp. at 300° (Liobig, A. 26,123; Da- 
lactone to 290° with EGN. Prisms. Sol. water, bus, A. 72,20; c/. WOhler, A. 62, 241). 

CHCl,, and G.H,. Gives, on saponification, Silver-ammonium cyanurates, 
a*methyl-glutano acid (W. Wislicenus, A. 233, (1) Ag^HN.,CsOa.2NH,; formed by digesting the 
114). first Ag salt with NH,A.q; loses all NH, on heat- 

CTAITFHENIKS v, Cyapheninb. ing. (2) Another salt is dosoribed by Liebig 

CYANPROPIKE [115°], S.-063 (A. 26, 123; c/. Wdhlor, A. 62, 241), probably 

at 23 ’. Formed by tho action of sodium on AgjC,N 30 a.(NH 4 ),CjN 30 ,.H^ 0 . 
butyronitrile under an extra pressure of about Silver-potassium and silver-lead cy- 
20 cm. of mercury (E. v. Moyer, J.pr. [2] 37, anurates. By boiling triargentiooyanurate with 
897). White prisma (from ether). KOHAq a salt is formed, probably Ag.KCsNjjOj 

ReaciioTUt. —1. Is converted by heating with (W., l.c.). By boiling Pb cyanurato with excess 
cone. HCl to 180° into C,^.^„NA y. *067 of AgNO,Aq, the salt Ag,Pb(C,N,0,)2-2H,0 is 
at 23°.—2. Gives with bromine in an acid sola- produced (\V., l.c.). 

tionthebydrobromideofbromocyanpropinefrom Sodium cyanuraie NajCjNaO,; fine 
which ammonia liberates tho base [80'^]. needles; separates on adding excess of hot 

Salt.—(B'HCl) 2 PtCl 4 . [97°]. Reddish-yel-| NaOHAq to cone. HjCaNaOjAq (Hofmann, B. 3, 
low prisms. 770). « 

CYAKDBATES (metallic); and 8ULPH0- SuLpriocTANUBATRS (Hofmann, B. 18, 2106). 
CYAN17BATE6 (metallic). Cyanurio acid is a Salta of sulphocyanunc acid, H,CjN,S,. For 
polymeride of cyanic acid HNCO; it probably ■ an account of sulphocyanuric aevi v. Cyanic 
has the constitution (CK)a(OH),. I (sulpho) acid and PoLVMmtiDES, p. 303. 

Otanurates. Cyanuricacid is tribasic; with i Sodium sulphocyanurate 
most bases, however, it forms acid salts. Cyan- S NaHjCjNjSs; large crystals, e. sol. water; 
orates of the alkalis and alkaline earths are ' formed by digesting Na;,S with methyl sulpho- 
sol. water, the others are insol., or only si. sol.; cyanurate. Sulphocyanuraies of Cu, Pb, Li, K, 
the alkali cyanurates are decomposed by heat to and Ag are described. 


HNCO. (NH4)NC0, C0„ N, and cyanate of the ; 
metal; the cyanurates are decomposed by ' 
H 3 S 04 Aq or HNO^Aq, giving H^NjCjO,. 

Ammoniiim cyanurate 
(NH 4 )H 3 .NjC 30 s.H 30 ; white lustrous prisms, 
which etiloresce in air. 

Barium cyanurates. 
n) Ba(H 2 ,N 3 Cs 0 ,) 3 . 2 H; 0 ; obtained by adding 
BaOAq to boiling H,N,C,0,Aq till slight per¬ 
manent pp. is formed; loses 2H,.0 at 280°. : 
(2) Ba. 4 (HN,C 50 ,) 3 . 3 H 30 ; crystalline pp. by ' 
adding boiling H,N,G,0,Aq to ammoniacal 
BaCl^q (Wahler, A. 62, 241). i 

Calcitum cyanurate. Not obtained in ' 
definite form (Cnevallier a. Lassaigne, A. Ch. 
[8] 13,155). I 

Copper cyanurates. The normal salt ' 
Ca,(C 3 N, 0 ,) 3 .H 30 is obtained by mixing acid Mg 
cyanurate with CuS 04 Aq; >|hen Na^CjN.OaAq is 
used the salt CuHCjNa 03 . 3 H 30 is obtained (Claus 
a. Putensen, J. pr. [2] 38, 208). C. a. P. also 
obtained the basic salt (Cu 0 H),.GaN, 04 . 3 H 30 . 
The following ammmio-copper cyanurates are 
described: Cu(HN,C,0,).2NH,.H,0 (W., f.c.); I 
Cu(H,N,C,OA 3.2NH, (Wiedemann, P. 74, 73); 
Ca(H^,0.0,).iBNH, wnoie xmg and 4, and the 
add salt (C. a. 

P., 

Lead cyanttrafe Pb(HN,C,0,)a3HjO; pp. 
obtained in microscopic prisms by dropping ex¬ 
cess of basic Pb acetate boiling HjNsCyO.Aq; 
decomposed to (NH4)0 n, C0(NH3)„ and Pb by 
heating^m E (W., Z.c.). 

Potassium cyanurates. (1) KHjN,Cj 04 ; 
by adding HClAq to crude K cyanate solution ; 
difflcuUly sol. water (Liebig a. Wohler, P. 20,369; 
CampbeU, A. 28,52). (2) K,HN,C,0,; by adding 
alcohol to solution of the first salt, in presence 
of KOH; decomposed by water to EOH and tho 
diliydrogen salt (L. a. W., f.c,)« 


Disulpjiocyanides (Fleischer, A. 179, 204), 
Salts of disulpkocyanic acid H^S^CjN^ {q. v. 
p. 303, under Cyanic (sdlpuo) acid and POLYMun- 

IDKS). 

Potassium disulphocyanide 
K.^S D; obiained by adding an alcoholic 

solution of KOH to persulphocyaiiic acid, 
HiC 3 N._jS„ and pressing the crystals which sepa¬ 
rate. Yellow monocUnic prisms; insol. absolute 
alcohol; v. sol. water ; solution in water changes, 
quickly when healed, to E sulphocytinide. The 
other salts described by Fleischer (f.c.) are 
BaS 4 C 3 N 3 . 2 H 30 ; v. soluble, white rhombic 
prisms; CiiSjCjN,, brown-red pp. insol. dilute 
acids; PbS^C^N;, citron-yellow pp. not acted 
on by dilute acids; Ag^SjGjN^, green pp,; 
AgES^C^Nj, yellow, crystalline, 

M. M. P. M. 

CYANURIC ACID v. p. 319. 

CYANURIC BROMIDE v. p. 320. 

CYANDEIC CHLORIDE v. p. 319. 

CYANDROMALIC ACID CJI,N 404 . An un- 
stable crystalline body formed by dissolving the 
cyanide of barbituric acid (q. v.) in aqueous KOH 
(Nencki, B. 5, 887). 

CYAPHENINE (CJI,N), i.e. Cy,Ph,. [230°], 
(above 350°). 

Formation. —1. By heating benzoyl chloride 
with KNCO (Cloez, A. 116, 27).—2. By heating 
benzonitrile oromide alone or with lime (Engler, 
A. 133, 146).—3. From benzonitrile and Na 
(Hofmann, B. 1,104).—4. Traces are got from 
beuzamide and COGl, (E. Schmidt, J. pr. [2] 5, 
35). 5. From benzonitrile and ZnEt,, the pro¬ 
duct being treated wi^h alcohol and then withHCI 
(Frankland a. Evans, C. J. 37, 564).—6. From 
Cy,Cl„ bromo-benzene dissolved in ether, and 
sodium (Klason, J. pr. [2] 35,82), Cy,ClPh, [186°3 
being the chief product. 

Prcparation.—lO g.ot benzonitrile are added 
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Tailiially to 50 g. of oHghtly faming H.SO,, kept 
wld After 48 hours th* liquid is slowly poured 
nto 300 00 . water. The ppd. oyaphonine, after 
„,.,hing with water and aloohol, weighs I'l g. 

A. Pinner, J. pr. [2] 30, 120; B. 11,104). * 

‘ Propertioa.—Whitebranohingcrystals. Insol, 
later, v. si. sol. aloohol and other. Not aSeoted 
liy boiling KOH or HCl. 

Boacltons.—Heated in a sealed tube at 250 
with oono. HOI it is entirely oonvertod into 
bonzoio acid and NH, (F. a. B.). 

CTCLAMIN C„H,.0,.(7) t23C°]. Wo 

^_110 40' (in alcohol) (Michaud, C. C. 1887, 
131)7); "-IS^IO' (Sachsse). Occurs in the 
roots of Cifclamm eufopretm and perhaps also of 
cowslips i'Prhnulin') (De Luca, Cimentonuuvo, 

6 ‘226; 8, 182; O. 2, 650 ; Martiua, Biichncr's 
2} Revert. 8, 383; Mutschler, A. 185, 211; 
Fl’uokiger, Ph. [3] 8, 483). While amorphous 
substance (from alcohol). Irritates the throat. 

V. sol. boiling alcoliol, insol. other, chloroform, 
CS., and alkalis. Absorbs water from moist 
air!*8welling up; slowly dissolves in water. The 
aqueous solution froths like soap, and is coagu¬ 
lated by heating. In contact with water it 
slowly decomposes forming glucose and mannlto 
(De Luca, C. B. 87, 297). Aqueous HCl coagu- 
lates it and, at 80", forms sugar. IIOAc dis¬ 
solves it and does not coagulate it on heating. 

It gives a white pp. with Fohling’s solution, but 
does not reduce it even when hot. Cone. H.bO, 
forms a red solution; on diluting with water 
glucose remains in solution, and there is ppd. 
white amorphous cyclamiretin C,jH.p. [198®]. 
Chlorine water forms ‘cyolamicacid’ C„H„Oj 9 (?) 
HNO, forms ‘chrysolin ’ CuH^^iNOg. 

CYCLOPIC ACID 0;H,O^. Occurs in the 
loaves of Cyclopia Vogelii (Cape Tea), ihe 
aqueous decoction is digested with Pb(OH) 2 , the 
lead compound 3us))ended in dilute (50 p.c.) al¬ 
cohol, and decomposed by IDS. Tho filtrate is 
concentrate! and mixed with aloohol and ether. 
Cyclopin is ppd.; cyclopio acid is obtained by 
evaporating the filtrate (Church, C. N. 22,2; 
Ph. [3] 11, 693; Greenish, Ph. [3] 11, 500). 
Yellow needles, sol. water, insol. alcohol, ether, 
and CS,. Aqueous alkalis form a yellow solution 
with green fluorescence. FeCl, gives a green 
colour, becoming brown on heating. Cupric ace¬ 
tate gives a grey pp. K,Cr,0, and HCl give a 
dark brownish-red colour. 

Cyclopin aq. Obtained as above. 

Red substance, v. sol. water, insol. benzene, 
ether, CHC1„ and ligroin. Its aqueous solution 
decomposes on standing into glucose and oyolo- 
pin-red. KOH gives a brownish-red solution 
with green fluorescence. J’cCl, gives an olive- 
green colour turned yellow by H^l and brown 
by NH.. Ppts. salts of Cu, Pb, and Ag. 

Cyclopin-red C,.,H., 30 „. Formed as above. 
SI. sol. water, ether, and benzene, v. sol. alcohol 
(when freshly ppd.). Alkalis dissolve it, forming 
red solutions. FeOI. gives a brown colour. 
CaCl, or alum followed by NH, gives a violet ^p. 

CYOLOTHEAFSTIO ACID C„H,.,N.,0, ,.e. 
[2:1)00,H.O.H,.NH.CO.O,Ef,N[Py. 3]. [252°]. 

JJ'ormafioa.—a-Diquinoline is oudised by 
KMnO^ in presence of hot cono. AcOH. The 
pp. is filtered and digested with SOg until all the 
MnO, is converted into sulphate. After filtering 
again and well washing with hot water, the acid 


is dissolved in KOH. The R-salt is decomptisod 
with weak H^SO^, washed, dried, recrystalUsed 
from boiling xylene, and decolourised with 
animal oharqoal. 

Preparation .—By heating dry anthranillc 
and quinaldinio acids together to 180® (Weidel 
a. Wilhelm, M. 8,197). 

PrqpcrfMs.—White woolly needles; insoL 
water, v. si. sol. hot EtHO, Et,0, GHCl,, 
and xylene; v. sol. hot AcOH and HCl. 

Salts.—A',Ca4aq: yellow flakes.—A'^Ba aq, 

T,_ mJ _ Y YlTflU A - /% fi. A-—- __U.. 


Reactums. —1. With Ac,0 it forms an anhy¬ 
dride C,;H„N „03 [125°], crystallising in long 
colourless needles.—2. KMnO, in alkaline solu¬ 
tion oxidises it to'pyridanthrilic acid’0|,H,„N,0„ 
in acetic acid solution quinaldinic, o-oxyisocin- 
cliomcronic, and antliranilic acids are formed 
{Weidel a. Strache, Af. 7, 285). 

OYMENfj C,.H„ t.c. C,.H,MePr[l;4]. p-Pro- 
pyl-toluem. Mol. w. 134. (175°). V.D. 4-63 
(calc. 4-65). S.G. ” -804 (Schiff, A. 220, 94); 

•S.IC'J (Bruhl, A. 235, 19). C.E. (9-8 to 
17.V4') -001159 (S.). a. 1-494 (B.). 1-484 

(dladstone, 0. J. 49, 623). H.O. 1401609 
C, 0, = 94; H„ O = 0‘j) (Stohmann, J. pr. [2] 
35, 41). S.V. 184-5 (Schill); 181-62 (Kamsay). 

Occurrence. —In the volatile oil of cumin 
(from Cuminum Cyniinum) ; in the seeds of the 
water-hemlock [Gicutfi virosa ); in the oil of 
thyme; in oil of Ptychotxs Ajowan\ in Euca- 
lyptus oil -, and (to the extent of 6 p.c.) in oil of 
lemons (Gerhardt a. Cahours, A. Ch. [3] 1,102, 
372 ; A. 38,101, 345; Trapp, A. 108,386 -, Lalle- 
mand, A. Ch. [3] 49,166; Haines, C. J. 8, ‘289; 
H. Muller, B. 2, 130; Faust a. Homeyer, B. 7, 
1429', Ar. Ph. [3] ii, 386Beiletein a. KupHer, 
B. 6, 1181; A. 170, 282 ; Fittica, A. 172, 303; 
Tilden, Ph. [3] 9, 654). 

PoTjnciticn. —1. By the dehydration of cam¬ 
phor by means of P,0„ ZnCl,, P-^S,, or PCI, 
(Gerhardt, A. 48, 234; Dclalande, A. 38, 342; 
Pott, B. 2, 121; Fittig, Ifobrioh, a. Jilke, A. 
115, 129; Wright, C. J. 26, 686; Beckett a. 
Wright, C. J. 29, 1).—2. By heating dibromides 
of terponcs C,„n|„llr.. with aniline (Oppenheim, 

B. 5, 91, 628).—3. By distilling crystallised 
terpui hydrate with Br (Barbier, C. B. 74,194). 
4. From thymol and P-S,.—6. From oil of tur¬ 
pentine and iodine.(Kekuld a. Bruylants, B. o, 
437) or chlorine (Naudin, Bl. [2] 37, 

6. From oil of turpentine and H.BO, or EtBO, 
(Itiban, Bl. [2] 20, 100, 244; Wright, C. J. 26, 
700; G. N. -20, 41; Paternb, 0. 4,113; Bruere, 

C. It 90,1428; iliehter, B. 6, 1257).—7. From 
absinthol and P,S, (Faust a. Homeyer, B. 7, 
1427; Oraebe, B. 6, 680; Bcilstein a. Kupffer, 
A 170, 282).—8. From mentbene 0„H,. and Bt 
(Wright, 0. J. 29, 1). — 9. By boiling ouminio 
alcohol with zinc-dust (Kraut, A. 192, 224).— 
10. From j)-bromo-toluene, n-propyl-bwmia©, 
and sodium (Fittig, Sghaffer, a. KOnig, ^ 149, 
334; Fittica, A. 172, 320; Jaoobaen, B. U, 
2049).—11. According to Bouchardat (O. H. 90, 
1660), cymeno may bo obtained from valerylene 
(derived from amyl aloohol) by heating it to 2^° 
and treating the resulting divalerylene 0,*H,8 
with Br in CS...—12. By passing steam into 
oymene-sulphonio aoid'dissolved in diluted 
hydrolysis bsqins at 130® (Armstrong a. Miller, 
0. J. 45, 145S;. 





5jp«c/ru»n.—Absorption bands in ultra-violet, 
a narrow one at oadmium4ine 17, and a broad 
band between Cd 17 and Cd 18. The hrst band 
enables the presence of cymone in essential oils 
to be detected and estimated, for it is visible 
when diluted with 20,000 volumes of alcohol, and 
examined in a colum]i 15 mm. long (Hartley, 
C. /. 87, 076). 

IUacUons.~-'l. H 5 SO 4 and KaCr.Oj give tero- 
phthalio acid.-2. Oxidised by air| in presence 
of aqueous NaOH, to ouminio acid. In this re¬ 
action Pr changes to Pr.—3. The urine of animals 
who have been given doses of cynicne contains 
cuminurio acid, together with small quantities 
of ouminio acid (Jacobson, B. 12, 1512; cj\ 
Nencki a. Ziegler, B. 6, 749). Here, also, n-pio- 
pyl becomes isopropyl.—^. KMnO, gives oxy- 
isopropyl-benzoio acid [c. 15S^J, as well as tere- 
phthalio acid (Itemsen a. Emerson, Am. 8 , 2t>7). 
6 . HNO, formsp-tolyl methyl ketope andp-toluic 
acid. HNO, containing nitrous fumes forms 
* /^-nitrocymene' C,aH|jN ..04 [125°] (Holleman, 

T, a 6 , GO).— 6 . Converted by A1,C1„ at 150° 
into toluene and other products (Anschiit?:, A. 
286,191). Liquid compounds ( 0 ,„H, 4 ),AhCl„ and 
may be prepared (Giistavson, J. 
R. 11,81). Al^r,, in presence of Br, ultimately 
forms penta-bromo-tolueno and isopropyl bromide 
^ustavson, B. 10, 1101). In this reaction the 
PrBr first formed is changed by the Aljir^ into 
PrBr.—7. By the action of CrO.^Cl.^, and treat¬ 
ment of the compound with water, it gives 71 - 
tolyl-propionic aldehyde (Richter a. Schdehner, 
B. 17. 1901; cf, Etard, B. 10, 2021; A. Ch. [5j 
22, 258). 

Cyvtene hexahydride C,„1I.„. (172°). 

g.G, 11 *812. Occurs in oil of lesm (Renard, 

A. Ch. [0] 1, 230). 

o-Cymone CaH 4 PrMe[l: 2 ]. o-Propjjl-tolurna. 
(182° uncor.). From «-propyl bromide, o-brorno- 
tolueno, and sodium (Claus a. Hausen, B. 13, 
807). 

fn-Cymese CjH 4 PrMe[l: 3 ]. m-PropyV toluenr. 
(177®). S.G. -863. Erom m-bromo-toliient', 
n-propyl bromide, and sodium (Claus a. StUbser, 

B. 18, 899). 

f».lBocymene C.H.MePr [1:3]. (175°). S.O. 
* 866 . Occurs in the essential oil obtained by 
distilling resin of fir trees (Kelbe, A. 210, 1; 
^nard, A. Ch. [Gj 1, 240). Formed from 
toluene, isopropyl iodide tmd Al-^Clj (Kolbo, A. 
210, 1). Formed also, together with ordinary 
oymene, by the dehydration of camphor (Sjiica, 
(?. 12,643 ; Armstrong a. Miller, B. 16, 2258). 

Pr^ration.—Essence of resin is washed 
with aqueous NaOH (to remove phenols), disiilK-d 
with steam, shaken with dilute and afterwards 
with oono. H^SO^ in the cold, washed again with 
KaOH and distilled with steam. It is tlion 
sulphonatefi with a mixture of H^SO, (4 pts.), 
and fuming H,S 04 (1 pt.) at 90°. The sodium 
salt of the ilo-oymene sulphonio acid is decom¬ 
posed by heating with £onc. HCl for two days at 
186°, and the uberatod cymene distilled over 
with steam (Kelbe a. Wartli, A. 221,158). 

Reaetions.—l. Oxidised by chromic acid or 
permanganate to isophthalic acid (Zeigler a. 
Kelbe, B. 13, 1390).—2. Dilute HNO, forms 
m-toluio acid or aldehyde. Fuming HNO^ forms 
A-tri-nitro* derivative [72°J.—8. CrOgCl, forms a 


chocolato-brown powder whence water liberates 
7 ;».toluio acid. 

p-Isooymene C,H 4 MePr [1:4]. (173°). S.O. « 
•800; **5 •y62. From jp-brorao-oumoDc, Mel, and 
sodium (Jacobsen, B. 12,420 ; R. Meyer, A. 220, 
27), or from isopropyl chloride, toluene, and 
AI.Cl,, (Silva, Bl. [2] 43, 321). 

CYMj5N£-AZO-CYHEN£ v. Azo- coMPouxna. 

CYMENE-CABBOXYLIC ACID 
C^H.|MePrCO._jH. [03°]. Prepared by fusing the 
amiclo with potash, or preferably by heating it 
with concentrated hydrochloric acid at 180°. 
Crystallises in slender noodles isomeric with 
Rossi’s lioino-cuminic acid (PaternG a. Spica, 

G. 9, 400). 

Amide [130°]. Formed 

from potassium cymone siilphonato by fusing 
witli KCy and treating the resulting crude nitrilo 
with alcoholic KOI! (Patornb a. Fileti, O. 6 , 30). 
Noodles, si. sol. cold water, v, sol. alcohol and 
ether. 

w-Cymeno carboxylic acid CuH,MePr(C 0 . 4 n) 
[2:6:1]. [75°]. From themitrile which is formed 
from tri-c irvncryl phosphate and KCy (Kreysler, 

B. 18, 1711). Needles (from dilute alcohol). V. 
si. sol. cold \.’alf>r.—AgA'. 

Nitrile. C.U.MePrCN. (245°). 

CYMENE S.-LPHINIC ACID 
C„n|MePr(SO.,lI) [1:4:2]. From cymone enl. 
plionio chloride, water, and zinc-dust. Syrup 
(Berger, B. 10, 077).—KV3^aq.—AgA'. 

CYMENE (a)-SULVUONIC ACID 
CJI,MePr(S 03 H) [l:l:2j. Formed, together wilh 
the {i 0 )-ihoiueridc, by shaking cymene with cone. 
II.,SO, or ClSO.,H at 00 ‘ ((lerhardt a. Cahours, 
a'. Ch. [3] 1, lOG ; Delalando, A. Ch. [3] 1, 368 ; 

H. Miillor, B. 2, 130; Jac.i.sen, B. 11, 1060; 

Claus a. Cratz, B. 13, 901; 11. 2141; Spicn, G, 
11, 201; B. 14. 652; SievcI.ii'g, .4. 106, 260; 
Bcilstoin. A. 170,287; Pateni B. 7, 691; (U 
3, 514; Kraut, A. 192,226; A. 220, 18). 

Also formed by dobiomination of bromo-cymeiie 
Bulphonic acid obtained from cy»JuJine (Wid- 
mann, B. 10, 249). 

Tables (from dihitij H^SO^). The crystals 
contain 2aq and melt at 51° (S.) or 79° (C.); 
when anhydrous they melt at 220° (C.). Tiie 
K salt IS oxidised by KMnO, to oxy-isopropyl-sul- 
pho-bcnzoic acid CalI,(CO^U)(SOjH).CMo.j(OU). 
JlNOj forms sulpho-j^-toluio acid. Potash-fusion 
forms carvacrol. By treatment in aqueous solu¬ 
tion with bromine it yields bromo-oymene 
C II,?rMoBrr4:l:2] and bromo-cymeno-Bulphonio 
acj<l (;.(l,PrMcBr{.S 03 H)[ 4 :l: 5 : 2 j (Keibea.Kosch- 
mt/.sky, IJ. 10, 1730). 

Suits.-KA'aq.—NaA'Saq (Paternb, Q. 8 , 
201).—NaA'Saq.—BaA'.^3aq. S. (of BaA',) 2*6 
at 12° (S.). Pointed leaflets, crystallising reaaily; 
m. .sol. 90 p.c. alcohol.—CaA '3 2 aq: monoolinic 
crystals, a:t:c = 1’374:1:1*124 ; 8«05° 13' (Jero- 
fejeff, A. 170,207).-PbA'j 3aq. S. (of PbA',) 1*3 
to 1 * 0 .—NiA'jOaq. 

Amide C„H,MePr(SO,Nnj. [112°] (J.); 
[116°] (Kelbe, B. 19, I960).— 

C. H 3 Merr(SO,NHAg) (Berger, B. 10, 976). 

Benzoyl-amide CjHjMcPr^SOjNHBz), 
[153°] (WolkoiT, B. 6,142). 

Cymene ( 8 )-«ulphouic acid C„HjMePr(SO,n) 
[1;4:3J. [131°}. Formed, in small quantity, in 
the Bulphonation of cymene (Claus a. Cratz, B» 
13,001 i li, 2111). Formed also by debromiaa- 
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nn of biomo cymene sulphonio acid (Bemwn 
n»v Am. 5, IM: «• of*® Kolbo a. Kosonmtzky, 

' 19 1730; Claiia a. Christ, J3. 19, 2166). Gra¬ 
des’; extremely sol. water, sol. alcohol, insol. 

^Salts.—NaA'aq. — KA'aq. — CaA'jS’aq, --- 
laA'.Saq (over H..SO,). Gelatinous; v. e. sol. 
,ftteJ, sd. alcohol.-PbA',3aq: amorphous, v.e. 
nl water.“"CuA\» AQ* 

Amide CuHjMcPr.SOoNHj. g48 .-q ™ 

o-Cymene (a)-8alphoaio acid G^HsMePrCSOjH) 
Formed, together with the following, ny 
u'lphonating o-oymene, especially at lovt tempo- 
atures (Claus a. Hanscn,*B. 13, 897 ).--KA |aq. 
laA' an : stellate groups of lamina'.- CuA.,4aq. 

o-Cymene (9)-sulpaoaic acid CJI,Mel’r(SO,H) 
1'2;33]. Formed as above.—BaA'.^xaq‘. gelati- 
ions mass, v. e. sol. water. 

Amide. Very slender needles (from water). 
w-Cymene (a)-salpbonlo acid 
B H,MePr(S0,H) [l:3;x]. Formed ,togethorwith 
the (d.isomeridc, bs warming m-cymeno with 
tone. H.;SO. (Claus a. Stusser, B. 13. 899).- 

I[ 4 i._CaA'. 2 aq.—BaA ,nq; laminiE. S.(otBaA 2 ) 
■43 at 17 “.— PhA'.3aq.—CuA',,4aq. 

nt-Cymene (3)-Bulphonic acid 
aH.MePr(SO.n) Formed as above.- 

BaA',aq: needles. S. (of BaAj) 3'83 at lb . 

w-Isooymene (a)-8ulphonic acid 
rH.MePr(SO,H) [1:3:0]. [89“]. Formeo, to- 

gether witli the ( 3 ).isomerido by treating iso- 
cymene with cone. H.,SO, (Kclbo, A. 210, 30, 13. 
15 39; Spica, O. 12, 487, 540). Deliquescent 
micaceous leaOets. Br in the cold gives bromo- 
isocymene sulplionic acid, but at 40 it forms 
( 6 , 1 , 3 )-brorao-isocymene. KOHaiid KUnO. gives 
oxy-isopropyl-sulpho-bcnaoic acid. 

S a 1 1 8.-Na A' nq.-K A' 3aq,-K A' (Armstrong 
a. Miller, B. 16,2258).—BaA'.aq: pearlyplates, 
V. si. sol. cold, si. sol. hot, water. B. '37 (Spica). 
BaA',: plates (Boner, A. 220, 33 ).—PbA^aq. 
S. 1-3 at 22? (Spica).-CuA'j2aq.—CuA j4aq.— 

C.H,MePr.SO,NH, [73“] (K.); [75“] 
(S.). Laminoe, si. sol. boiling water. 

m-Isocymene (fl)-Biilphomo acid 
C.H,MoPr(SO,II) [1:3:4]. , . 

Fomafioii.—1. By sulphonation of isocy- 

xnenc_2. By sulphonation of (a)-bromo-isocy- 

mene and removal of the Br by sodium amalgam 
(Kelbe a. Czariiomski, B. 17, 1746; A. 235,28o). 
Salts.—NaA'Sac;.-BaA'-8aq: laminie,v. e. 

Bol.water.-CaA' 26 iaq.-CaA', 3 iaq.-PbA 28 aq. 

Amide C„H,.(S02Niy [102“]. 
p.lBO.oymene (a)-sulpbonxc acid 
C.TIjMePrfsO.H) [1:4:2]. From iso-oymeno and 
H.SO,, together with the (3)-isomonde (Jacobsen, 

B. 12, 431). KOH and potnssium permanganate 
converts it into oxy-propyl-Bulphq(bensoio aod 

C, H,(C 02 H)(C(OH)Mej)SO,H (B. Meyer a. H. 
Boner, A. 220, 30). Potash-fusion gives oiy- 
terephthalio acid and oxy-cuminio acid [88 ]. 

Salts.—BaA'jOq: slender needles. B. 4-28 
at 0“.—CuA',4aq; blue leaflets. 

Amide C.H,Mel>r(S0.2NH.J. [98°]. 
p-Isocymene (3)-8Ulphoii4o acid 
C.H,MePr(SO,H). Formed as above. Its Ba 
salt is extremely soluble in water. 

Amide C.M,MePr(S02NHy. [SO’-M®]. 
Gymeue disulphoulo acid C„HjMePr[BO|rl)a. 
From cymene and fuming H,SO, (Kraut, A, 192, 


).—BaA" aq: v. e. sol. water (Claus, B. 14, 
2140). 

m-iso-OYMEHOL C,H,PrMe(OH) [4:2:1]. 
Methyl-isopropylp}mwl vi-Uocymopltenol. 
(231°). Boo 1'62. From m-isooymene sulphonio 
acid (1 pt.) by fusion with KOH (0 pts.) (Kelbe, 

A. 210, 40). Liquid, smelling like thymol. 
Gives a violet colour with FeOl,. By KOH 
fusion it is converted into o-oiy-isophthalio acid 
and p-ouminol-carboxylio acid 0,H,Pr{OH)OO,H 

^^^Benioyl derivative 0,H,PrMe(OBz). 
[73“]. Monoclinio crystals; ii:6:c»*62:1:'82; 

B = 82® 17^ 

Methyl ether C«H,PrMe(OMe): (217®). 
Ethyl ether C.H,PrMe{OEt): (224®). 
Tri’bromO’derivative CaBr,rrMe(On.). 
[222“]; plates (Jesurun, B. 19,1413). 

Isomerides: Cakvacbol and Tutuot. 
TO-iso-CYMENOL-CAEBOXYLIO ACID 
C.H.PrMc(OH)CO,H [1:3:4:5]. Cymemticacid. 
[147®]. Formed by the action of CO* upon 
sodium w-tso-cymenol (m-isopropyl-phenol). 
Long slender needles (from hot mUa). SI. sol. 
hot water, nearly insol. cold water. Fe.,Cl, pro¬ 
duces a bluish-violet colouration. 

Salts.—AgA': small needles, m. sol. hot 
water.—BaA', 4aq: ncodleo, v. sol. alcohol. 

Methyl ether MMo: [148“]: short needles 
(from alcohol) (Jesurun, B. 19, 1414), 

isomerides: CAuvAcaoim and Thvmotio 
ACIDS. 

CYMIDINE C.H,(C,H,)(CH.,)NH, [1:1:8]' 

I Preparaiim. — Nitro - cymylone - dichloride 
1 C,IL(C,H,)(NOJ(CHCl,), obtained by the action 
of PCI, on n itrocuminic aldehyde, is reduced with 
zinc and HCl. ... 

Pmncriics.—Colourless oil. Volatile wim 
steam. Sol. alcohol and other. Stable towwds 
' oxidising agents. By nitrous acid it is converted 

Salt8.--B'HC1: fine needles.—(B'HCl)^*^!,: 
sparingly soluble yellow needles.—B',H.,SO,2jaq, 

small white needles, si. sol. cold ™ ,, 

Acetyl derivative, [about 112 ]. 
needles (Widman, B. 15,167 ; 21,2126; c/. Bar- 
low A. 98, 248; P. M. [4] 10, 454). 

Cymidine O.H,PrMe(NIL) '[■1:1;2]. Fro™ 
(2,4,l)-nitro-oymene (Ldderbaum, B. 21, llalfa 

m-Isocymidine C.U,PrMe(NH,) [3:1;® or®]- 
(233®). From nitro-iso-cyroene (Kelbe a. wana 
A 221,183). Yellowish oil. V. si. sol. water, 
v.’sol. alcohol, light petroleum, or benzene. 

HaUB.-B',H,80,. SI. sol. water.-BH,C,0.. 
Acetyl derivative C,H,PrMeNHAa 

^ Benioyl derivative 0,H,PrMeHHBa. 
[165“]. 

Phthalyl derivative 
C.H,C,0,NC,H,PrMe. [145“]. ,,, 

(?n).0YlIIDI»E-SI|lPH0»I0 
C.H.m;(C.H,)(NH,)SO.H [1:4:3:6]. Formed by 

boating cymidine with fuming H^SO,. Thin 
glistening colourless plates or prismatic needles. 
V. si. sol. cold water. Insol. alcohol. Is pro¬ 
bably a »-propyl derivative, since ^‘ro«- 
mont of tho diazo- compound with HBr Md 
debromination it gives nse to the sa'^o- 
nio acid of n-oymene. The eorroipoBJlng 
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OYMIDINE-SULPHONIC ACID. 


/SO, I 

Diaeo^ compound CII.Mclx I forms 
^N, 

small white needles, ▼. e. sol. water, si. sol. 
alcohol, insol. ether. By warming with absolute 
alcohol it is converted into the sulpbouio acid of 
the ethyhether of thymol (Widmann,B. 19,240) 

Isooymidine snlphooio acid 
0,H,MeW(NHJ (SOaH). From amldo-iso-oymene 
and fuming (Eelbe a. Warth, A. 221,177). 

Salt.— 

CYMIBYL. Also called CYMYLlg.v.). 

CTKOFHEHrOL v. Cyuenol. 

CTMOPHEHTONE v. Puentl ctmyl ketone. 

CTMYI. The radicle O.HjMelCaH,). Its 
derivatives are described below; see also Cauva- | 
CBYL and Thymyl compounds. Cuininyl ; 
CaH,(C 3 H,)CH.{ is isomeric with cyniyl. 

CYMTLAUINE v. Thymylamine and Carva- 

OnYLAtfINS. V 

180CYKTL-CAHBA11I1C ETH££ 
0aEaFrMeKH.C02£t. [229^]. From ClCO_.Et 
and amido-iso-cymene. Slender needles (from 
alcohol). 

I80CYMYL CAEBAMINE C.H^PrMcNC. 
From amido'iso-oymene, KOH, GllGl,, and al¬ 
cohol (Kelbe a. Wartb, A. 221,170). Oil of very 
nasty odour, nearly insol. water, sol. alcohol, 
ether, and benacnc. Can be distilled with steam, 
but not alone ut ordinary pressure. 

BI-CYITYL ETHYLENE DIKETONE 
(C,I^MePr.CO) 2 C 2 H,. (o. 320®). From cymene, 
succinyl chloride, and AlCl, (Claus, B. 20, 
1878). 

ISOCYMTL ETHYL ODANIDINE 
C,H 3 l'rMeNH.C(NH).NHEt. 

From C,H,PrSloNH.CS.NHEt, alcoholic NII^, 
and PbO (K. a. W.). Gummy mass. 

TrihenBoj/l derivative 
CA^>‘MeNBzC.(NBz)^BzEt. [1C5®]. Needles 
(^om alcohol). 

CYMYL ETHYL KETONE CARBOXYLIC 
ACID C,H,(C3H,)Me.C0.CH,.CH,.C02n. From 
qymene, succinyl chloride, CS^.and AljCl, (Claus, 
A 20, 1878).-PbAV 

I80CYMYL ETHYL THIO-DEEA 
0,E[,PrMeNH.CS.NH£t. MethyUisopropyh 
phmyUthio-ethyl-urea. Formed by heating 
amido-iso-cymene with ethyl-mustard oil. An 
amorphous gommy mass (K. a. W.). 

OYMYL METHYL KETONE 
OH,.C0.C,H,M6Pr [1:2:5]. (248®). From cymene, 
AoOl, and AICl, (Claus, B. 19, 232). 

DZ-X80CYilYL THIO-DREA 
(0,H,PrMeNH)3CS. [160®]. From amido-iso- 
oymene and 08, in a sealed tube at 100® 
(K. a. W.J. Slond^er needles (from alcohol). 

ISOCYMYL - BREA NH2.CO.NH.C,H,PrMo. 
EsO’jnetJkyl-esO’iso-propyUplienyl-urea. [170®]. 
From ENCO and amido-iso-cymene sulphate 
(Kelbe a. Warth, A. 221,171). Matted glittering 
needles (from water). 

DUmyrnyLurea Q0(NH.CuH,PrMe).,. From 
COOJ, and amido-iso-cymene in ether. Slender 
needles (from alcohol). < 

CYNANCEOL. A crystallino substance ex¬ 
tracted by Butlerow (A. 180,349) from Cynan- 
chum acutwn, a creeping plant growing near 
the Ozus, and said to poison camels. According 
to Hesse (A. 182,168) it is a mixture of oynan- 
«hocerin [146®] and cynanohin [149®].' 


CYNAPINE. Areddish-yellowoilwith power¬ 
ful odour, contained in the seeds of fooPs parsley 
(j^thusa Cynapium)yvrhcnce it may be extracted 
by distilling with milk of lime. Strongly alkaline 
in reaction (Ficinus, May. Pliarm. 20,357; Bern- 
hardt, Ar. Ph. [3] 16,117). 

CYNKNE V. CiNENK. 

GYNEOL V. CiNEOL. 

CYNHRENIC ACID is Oxy-quinoline cae- 

BOXYLIO ACID (^. V.). 

CYNUEIC ACID C,H,NO, i.e. 
C02H.CfcH,.C0.C02H. Oxaloxyl-O'amido’bcmoie 
acid. [189®]. S. 1T2 at 10®. Formed by oxi¬ 
dising cynurenio acid, acetyl-quinoline tetra- 
hydiide, or carbostyri^ by alkaline KMnO, 
(Kretschy, M. 4,157; Friedlandera. Ostenuaier, 
B. 15, 332). Formed also by heating dry oxalic 
acid with o-amido-benzoic acid at 130® (Kretschy 
M. 5, 21). Needles (from ether). Fe^Cl^ colours 
its aqueous solution crimson. Boiling acids and 
alkalis split it up into oxalic and o-amido- 
benzoic acids. 

Salt a.-KHA"^aq.-(NHJ,A".—BaH,A'>q. 
j BaA" aq.—CaA" 2^aq.—Cu,A'^0 4aq.—Ag,A". 
j Ethyl ether [181®]. From indoxylio 

' ether and chromic mixture (Baoyer, B. 16, 778), 

: Needles (from alcohol). 

OYSTElN C,U,NSO, i.e. 

' Cnj.C(NH.)(SH).CO,H. Prepared by adding 
I tin to a solution of cystin in hydrochloric acid 
(Baumann, 11. 8, 290). Crystalline powder, sol. 

I water, ammonia, and acids. The aqueous solu¬ 
tion is oxidised to cystin even by the air. 

CYSTIN i.c. S(CMe(NH2)-C02H),. 

[a]„* —206® in H p.c. HClAq (Mauthner, H. 7, 
225); [a]j -142® in NH^Aq (Kulz, ^.B.20,1). 
Occasionally occurs as urinary calculus or sedi- 
j ment (Wollaston, P. 'I'. 1810,223 ; Golding Bird, 

I Ti eatise on Urinary Concretions ; Toel, A. 96, 
247 ; Lassaigne, A. Ch. [2] 23,328; Baudrimont 
I a. Malaguti, J. Ph. 24, 633; Thaulow, A. 27, 

: 197; Marohand, J. pr. 16, 254 ; Jlobert, J. Ph. 
j 7, 105; O. Honry, J. Ph. 23,11; Taylor, P. M. 
[ [3] 12, 837; Niemann, A. 187, 101; Udranszky 
I a. Baumann, B. 21, 2744). Found also in the 
kidneys of the ox (Cloetta, A. 99,299) and in the 
liver of a drunkard who died of typhus fever 
; (Scherer, N. Jahrb. Phami. 7, 300). In very 
small quantities it is a normal constituent in 
I urine (Goldmann a. Baumann, H. 12, 254). 

I Properties. —Neutral and tasteless. Crystal¬ 
line mass. Insol. water and alcohol; sol. aqueous 
i ammonia (difference from uric acid) and potash, 

I and reppd. as six-sided lamims by HOAo. Sol. 
llClAq. Separates from an ammoniacal solu¬ 
tion as colourless Jaminra. Cold ammoniacal 
AgNO, followed by HNO, gives a canary yellow 
; pp., but hot amiuoniaoal AgNOg ppts. Ag,S 
' (iJowar a. Qamgee, Ph. [3] 1,886). Baryta-water 
I at 150® gives barium sulphide and sulphite. 
I Nitrous acid forms pyruvic acid (Dewar a. Gam- 
gcc, Ph. [8] S, 144; H. 5,329). Boiling aqueous 
NaOH converts part of its S into HyS. 

Benzoyl derivative CgHjoBz^ySgfX. 
[158®]. Its Na derivative is ppd. by adding BzCl 
to a solution of cystin in aqueous NaOH. Slender 
needles. Strong acid, insoL water, si. sol.ether, 
m. sol. alcohol (G. a. B.). 

CYTISINE C^Sg-NgO. [166® cor.]. An al¬ 
kaloid occurring in the unripe seeds of the labur¬ 
num,Cyfivtis Laburnum (Chevallier a.La8tMigoe^ 




DAPHI^ETm, 


4 , 940; 7 1 395; Pesohior, J1 Ohim, lUd. 
09; fidbmi4, Z, [2] 1, IGl; 9, 

7 ), 0r7»uU)a9 mu (from »whol) or thin 
Mid laminB (bj ■QbUmBitio&). 7. e. aoV. 
itar ftod alM^oli fioarlj ioaoL etber* benaotiei 
d ebloroform. EtpoU NH, from its Sftlti, 
sn ID tbs oold» PoisoQOtis. I>o6s &ot rsdues 
ihlJDg’i aolutioD* PotMBio-msrDQtio iodida 
reD A tvhite flocooIeDt pp. boQomEDg orntsl- 
19 , I Id SI givM SD iimorpbdQa red pp. 
isngiDS to pnsma> BroauDa-watef giraa an 
pp. OTSD [a Toxj dilute (1;160^) aoltl* 


tJons. Bodinm pbospbomolrbdats glvst t Trallow 
1^ Tannin forma a pp, onl^ afttt nentrallsB* 
tioD vitb NaOH. Picric acid givoa a jroUov pp« 
soon becoming crjaUlUne. 

CoZdsir Cono. H^SO^ g]T« &o oolotur. 
'SulpbotnoUbdio acid reaction givea do ooloor. 

and X,Cr|0, a ^olbw totning browm 
HNOa on orange<vel1ow. 

Salta*—B’(BVO,),3sq: priamif vitb bktai 
taste.—B'HjOlg aaq, — 


D 


DAlULIIBICACISCJii.O,- An acid 
lid (o have been obtaineiii from cowe’ uriBe 
^tedeler* A. 77, 27; Werner, Z, [2] 4,418). 

DAMBOSITi: [lUO®]. J)i-in€?AyJ« 

arrU/ae. Di-mcOtyl’inosiU. Oocnre in a poca- 
ar kind of oaontcUouo. Eiportad from Gaboon 
3 Weft Africa (Girard, C, B. (17, 620). Six- 
idedprisDie (Crom alcohol), oblique prisma (con- 
aining Saq) (from waleh, or a [coder necdlee 
bj enblioiation). Not aneoted b/ dilute acide 
ff aikalia, bj FehUog’a aolutioo, or bj fermen- 
atioo. HI gives Mel and damboee, identical 
vith Inoeite. El forme cr^etaia oi CbH|, 0«KL 
INO, and H,BDb form an exploaivo nitralo 
Ohampion, C. B. 73, U4). 

Acetyl derivative CgHifACfOB. [103^. 
887^). Neodlee (Maqoenoe, A. Ch. [6112, 566 1 
7. R. 104, 1653). 

Bensoyl derivative [250% 

Uinute pale^ellow needles (M.). 

DAJIIOBE [216^. Obtained bj 

beatiog dan^bonite with aqneoua HI at 120^ 
(Gir^, C, B. $7, 890 ; 78, 426; 77, 906). Ae- 
fiording to Maquenno (C. if. 104, 1653) it ia 
identical with inoeite (v. Irtoeirs and Snoans). 
Six-aided prUma (from dilute alcohol); mono- 
alinio priame (containing 2aq} (from water). In¬ 
active. V. 0 . aol. waUr, iiieol. absolute alcohol. 
Not prone to fermentation. 

Hexa-acetyl derivative 
(211«]. 

Methyl afirer CBH,iUe0^.i?omeatje. [175% 
In caoutcmoQO from B^oo (Qirai^, Z* [21 7. 
835). 

i)»-infltA|rl efAer v.DamoNni:. 

DAXICABA BSaiK. New 2eaUnd Kanri 
gum. the gum-reain from Dammora auefrolu 
oontaini a alighUv lievorolatory terpene dam- 
merole Oj,H„ (166») S.a.i»-80a (iUmnie, C. J. 
89, 240; qf. ThomBon, A, Oh. [3J 9, 499; bfuir, 
C. /. 27, 788). Dammar-FoU or East Indian 
dammara ream maj be aeparatad, according to 
Ihilk (/. pr. 14,16), b; suoocBaiTa tivatmen t vi^ 
weak alcohol, abauata aloohi^ and ether into 
hydrated dammarjlEe aoidCuH^^O^ [SO’), 
anhydtom dammarylic acid 044 U,;,Og 
[60% and dammatyl 0«Ai the residue 

Ming 0.|H,4,0 [216^. Fran^imont obtained an 
Bee alRo Sohrdtter, P. 62, 87. 

D AEAT y OibHi^O^ Said to ooont in the root 
of Ihna/t» ttd to give by hydrolyM • 


sugar and rcelnons danotdin (Scblagdouhnuffen, 
J. 1666, 1616). 

(3:i) y(t) CEtCH 

PAPANETIN aH,(OH)/ [ , 
0^00 

oxy-coKmarm. [266^. Prepared by hydrolyHii 
of daphnin, a glucoaide occurring in the bark of 
Ihpnne olpna and Vt^hie Mesereum (Zwonger, 
A, 116, 6 i Stiinkel, B. 12,109). 

—Byheat^moleoulM^oportioDS 
of pyrogallol ana malio acid with (twice 
the woi^t of the former), and prempiUtiag the 
melt in cold water (Fechmann, B. 17, 98$h 

Prc5»rti<5.—Needles or prisms. Sol hot 
water, si. sol, ether, nearly insoL ehloroform, 
benaene, and CS^. Diseolvei in alkalis with a 
reddish-yellow colour. 

IleactwTte. —Fe/U, gives a green coUraration 
which changes to red on adding Na,00,. Fo* 
taaslo fcrricyaoida and KH, gives a r^dish-yel 
low colour, HN 0, gives an iotense red* It re. 
duces AgNO, and Febling's solution in the cold. 
Baryta water, Zq(0Ac}„ andPb(0Ae}, give yel¬ 
low pps. After boiling with NaHSOai Fe,01g 
gives an Intense blue oolcnr. 

Di-acetyl derivative C,H,0^(OAo)|: 
[129^: colourless needles, insoi. wat^, ^ 
other solvents. 

Di-bemoyl derivative CiHfOJOBa)^; 
[152^]; fine needles, iueol water ana ether, 
sparingly soluble in hloohol {Fechmann, B. 17, 
933). 

Uono-ethyl ether (lH,0,(0£t): [165^*, 
colottrless glistening plates, v. aol. alcohol, ethtt, 
benzene, and aqnoous alkalis, el. sol. water* 

Di-ethyl ether C,H,0,(0Et),: (72«]; eo* 
lonrlese needles. 7. sol ^oho), ether, and 
benzene, insol water and aqueous alk&lia (Will 
a. Jung.P. 17,1061). 

Btomo-daphnetln C^^BvO,. 

Di-ethyl ether C,H,BcO,(OEt)j l [115%; 
colourless feathery emtals. 9ol. hot uoeh^ 
ether, and benzene, el aol. cold aleohol, ifisol 
aqueous alkalis. Formed by bromination of the 
di-'bthyl ether of daphnetin. By boiling with 
alcohol KOH it is converted Into the dl*ethyl> 
dedvative of daphnetOie acid (Will a* Jung, B, 
17, 1084). 

Tetra.bTome-daphnetio. Acetyl deriva¬ 
tive (IHBr^oOf. [e- 200%. From acetyl- 
diiqphnetin and Br at 100^ (Btflnkel), 



BAPHNETIN. 


m 

ehyl4ftplin»tin 
<4:3) Jl) C(CH,);Cn 

i • Formed by the 
\(2) 0 —«r- CO 

action of HjBOi on a miztare of aceto*acetio 
ether and p^ogalloh Bv boiling with sodium 
bisulphite till dissolved and then adding FesCl^ 
a blue colouration is produced (Peohmann a. 
Cohen, B. 17, 21881. 

Baphaetio acid C^,(OH),.CH:CH.CO,H. 
Tri-oxy^cinruimic acid. 

Tri-ethyl derivative 
0 ;H 2 ( 0 Et),.C 2 Ha.C 0 ,H: [193°]; colourless crys¬ 
tals. V. sol. hot alcohol, ether, and benzene, 
insol. water and CSj. Obtained by evaporating 
the di-ethyl-ether of daphnetin with aqueous 
KaOH, and heating the residue with ethyl 
iodide. On oxidation with KMnO, it gives tri¬ 
ethoxy-benzoic aldehyde and acid (Will a. Jung, 
B. 17,1080). w 

DaphnetUic acid C«H,0(OH)..COjH. 

Dimethyl derivative CsHj*0(OEt)2.CO.JI. 
tl64®]. Fine felted needles. Formed by boiling i 
the di-ethyl ether of bromo-daphnetin with alco¬ 
holic KOH (WiU a. Jung. B. 17.1085). i 

DAPHNIN 0,aH,A- Cc.200°}. Agluooside ! 
ooourring in the bark of certain species of ; 
Daphne (Vauquelin, A. Ch. 84,173; Gmelin a. j 
Baer, Sen, J. 35,1; Zwenger, A. 115,1). Itect- • 
Htngolar prisms (containing 2aq) (from water). ! 
SI. sol. cold water, v. sol. boiling alcohol, insol. { 
ether. Alkalis and alkaline carbonates dissolve 
it, forming a yellow solution, which turns brown 
in air. Fe^Cln colours its aqueous solution 
bluish. It slowly reduces boiling Fohling's solu¬ 
tion. Hot solutions are ppd. by basic lead acetate. 
Emulsin or dilute acids split it up into glucose 
and daphnetin. 

BATISCIN A glucoside i 

occurring in the leaves and roots of Datisca , 
eannabiiuit which are used to dye silk yellow 
(Braoonnot, A. Ch. [2] 3,277; Stcuhousc, Chem. 
Oae. 1856, No. 318; 93,166). Silky needles, 

si. sol. cold water, v. sol. alcoliol, v. si. sol. 
ether. Tastes bitter. Besolved by dilute acids 
into glucose and datiscctln. Bases dissolve it 
with deep-yellow colour. Lead acetate, Fe^Cl^, 
CnSOf, and SnCl, ppt. its solution. 

Batiscetin 0„H|„0 k. Formed as above, 
l^teloss needles, nearly insol. water, v. e. sol. 
ether.—O^H^PbO,. 

BA TP& INE is identical with Atbofine {q.v.'^, 

BATSUK. According to Kem, some speci¬ 
mens of Bussian platinum ores contain a metal 
which is not Ir, Os, Pd, Pt, Rh, nor Ru (C. N. 
86 , 114). The mother-liquor remaining after 
separation of Rh and Ir by Bunsen’s method 
(P. Af. [4] 86 , 253) was heated with excess of 
NH 4 CI and NH 4 NO,; the dark-red pp. thus ob¬ 
tained was strongly heated, whereby the new 
metal was obtained as a spongy mass, which 
fused in the 0-H flame to a silver-white button. 
The ore contained aboat *046 p.o. of the new 
mstal, to which Kem gave the name Davyum. 
The metal is described as hard, but malleable 
when heated; e. sol. aqua tegia^ v. si. sol. boil¬ 
ing H^ 4 . S.G. 9*889. At. w. about 154. 
Several salts of this metal are described by Eera. 
Tha whole subject requires re-investigation. 

M. M. P. M. 

BSOAOBYIJO AOXB p. Dioaiioio aoip. 


BXCAKAPHTHSNB v. Dectlbnx. 

n-DBCANE 0,oH„. (leO^-HO^) at 742 mra.; 
(107®) at 100 mm. S.G. § *746; V ‘734; 

*669. S. (glacial acetic acid) 8 at 0 . IS*^; 20 at 
60®. From n-octyl bromide, EtBr and Ka 
(Laohowicz, A. 220, 170). Formed also from 
methyl ennyl ketone by treatment with PCI, and 
reduction of the product by HI and P; and by 
reducing octoio acid with HI and P (KrniTt, B. 
15,1695). Has hardly any smell and no taste. 
Not attacked by cone. H 2 SO 4 . Attacked by Br 
only when heated. 

Becano C,oH^ 2 - Bmclive di-isoamyl. (168*8® 
cor.) at 732*8 mm. S.G. ss *7216 (Lachowicz, A. 
220, 172). V.D. 72 (for 71). S. (in glacial acetio 
acid) 8 at c. 15® ; 20 at G5®. S.V. 231*3 (Schil!, A. 
220, 88). From isoamyl iodide and zinc (Frank- 
land, C. J. 3- 32). From isoamyl bromide or 
iodide and sodium (Wurtz, A. Ch. [3] 44, 275; 
Grimsluiw, B. 10, 1002 ; C. J. 32, 200. 087). 
Formed also by the electrolysis of sodium hexoate 
(Brazier a. Gossleth, 0. J. 3, 221). Tasteless, 
with faint odour. Flashing-point 63®. Not at¬ 
tacked by HNO, or cone. H.^SO,. Gives with 
bromine decyl bromide, which on distillation 
splits up into dccylone and HBr. 

Becane CIIMeEt.CIL^.CH.,.CHMeEt. Active 
diamyl. (100®). V.D. 4-82 (for 4-91). S.G. n 
•7403. [a]D = e'49° for 100 mm. at 22®. From 
active amyl iodide and sodium (Just, .4.220,155). 

Decaue (152®-.153®). S.G. -7187. V.D. 
09*4 (for 71). In Galician petroleum (Lachowicz, 
A. 220, 195). 

Another decaue from same source: (162®- 
163®). S.G. ^ *7324. 

Decane (100°) (Pelouze a. Cnhours, 

A. Ch.[i] 1, 5)‘; (160®) (Wurtz, in. 1803, 300; 
Lomoine, Bl. [2] 41,105). S.G. IS *757 (P. a. C.); 
^ *764 (L.). V.D. 4*95. Occurs in American 
petroleum. 

Decane. (171®). S.G. . 750 . In coal tar 
(Jacobsen, A. 184, 202). 

DECARBUSNIC ACID v. Usnetic acid. 

DECENE V. Decylenr. 

DECENOIC ACID C,oH„0. i.e. 
C4H„.CH:CH.CH,.C0.H. [10®]. Formed by 
distilling the lactone of iS-oxy-heptyl-succinic acid 
i (q. V.). Oil, hardly soluble in, and lighter than, 
I water. Volatile with steam. Combines with 
i HBr (Sohneegans, A. 227, 91). 
j Salts.—BaA'j.—CaA'a.—AgA'. 

j Decenoio acidCioHjgO,. Amenyl-valeric acid, 
(269°). S.G. 12 - 961 . From sodium isoamylate 
andCOatl65° (Frohlich a. Gcuther, .4.202, 297). 
Oil. The Na salt is deliquescent. 

Deoenoio acid CioHisO^. Amydccylenic acid. 
I (242® cor.). S.G. - *9096. Formed by oxidation 
of the corresponding aldehyde (Borodin, B. 5, 
481; Hell a.<8choop, B. 12, 193). Oil. Oxidised 
by chromic mixturo to acetic and isovaleric acid 
(Gaess, B. 10, 455). The K salt is deliquescent. 
GaA's^aq: needles (from alcohol). 

Deoenoio aoid G,.H,,0,. Decacrylic acid, 
[86^]. S. (cold alcohol) *08; (hot alcohol) 2. 
Occurs In cork. Amorphous. Acid to litmus 
(Siewert, K. 1838, 893). 

DECENOIC AtDEHTDE C,oH„0. Diiaova- 
Uric aldehyde, (o. 189®). S.G. 2 •861. Formed 
from isovaleric aldehyde by heating with zino 
Alings, or by treating with Na, KOH, K^GO,, cn 
HGl (Borodin, 2,552; 5,481 { 6,983; Ubon, 
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Bt f2J 18, 04; KelcuU, B.-0,135 ; Gaess a. Hell, 
Ji. B, 871)‘ Oil. Does not combine with NaHSOj. 
Reduces ammoanical AgNO,. 

DECEKYIi ALCOHOt C,oH,,.0 i.e. 

CH •CH.CHa.CPrj.OH. AllyUdi-propyl-carbinol. 
mr i.v.). S.G. g *8002; *8427. C.E. (15°- 

29®} *00101. H.0.1,6-44,900 (Louguinine, Bl. [2] 
85,663). From di-propyl-ketonc, zinc, and allyl 
iod de {Saytzeff, A. 196,109). Oil, emolling Hko 
turpentine. Chromic mixture oxidises it to di> 
propyl-ketone, butyric acid, and propionic acid. 
Aqueous KMnO, gives COjH.CH^.CPro.OH. 

Acetyl derivative C,„l{,,,OAc. (210® i.V.). 
B.G.‘‘‘890; V ‘8733. 

Decenyl alcohol C,plI.#G i.r. 
CH.:CH.CHj.CPr.^.OJI. AJhil-di-isopropyl car- 
binol. (170®). S.G. » *8071; ‘Hill. C.E. 
(0®-24®) *00095. From di-isopropyl-kctone, allyl 
iodide, and zinc (Lebedindiv, J. pr. [ 2 ] *23, 2*2). 
Oil, smelling like turpentine. KMnO, gives 
CO,II.CH,.CPr,.OH and isobutyric acid. Forms 
a liquid dibromide. 

Decenyl alcohol C,JI.nD. (c. 194°). From 
acetone (75 g.), allyl iodide (205 g.), jsobiityl 
indido (230 g.), and granulated zinc (Scliatzky, 
J.pr. [2] 30, 216). Oil. 

DECENYLENE ii. Dixikfnk. 

DECENYLENE TETEABROMIDE tr. Tktr.i. 


nnoMo-OECvNE. 


DECINENE CjoII,.. Dccenykne. (c. 158°). 
fi.O. § *787; *774; V •770. 11.,:, 77*1 to 

78*8 (theory 75*8). Formed by heating 
nllyl-di-propyl-carbinol (decenyl alcohol! with 
ll^jSO, (1 pt.j and water (1 pt.) at 130 \ The oily 
product is distilled, and the portion boiling at 
150^-170' is distilled oviit sodium in an atino- 
Bphero of COj. Absorbs oxygen fioin tho air. 
Combines with bromine forming C,„H,„Cr 4 . Oxi¬ 
dised by chromic mixture gives acetic, propionic 
and butyric acids (H. lli-furuiatsky, J.pr. [2J 27, 
389; BL [2] 40 ,185). 

Docineuo CioH,*. Itulylcne. (150°). From 
diamylene bromide and alcoliolic KOU (Hauer, 
A. 135, 344). 

Decinene C,oH„. Schnein. [55°]. (above 
800°). Formed by distilling calcium .sebacato 
(Petersen, A. 103,184). 

Becinene C,i,II,j. (105°). Formed by the 
action of alcoholic poLasli on di bromo-ilecano 
derived from petroleum (llcboul a. Truebot, A. 
144, 218). 

Decinene C,oH,j. Uydrocamphnic. [120°]. 
(160°). A product of tho action of sodium on 
the solid hydroohlorido C,bH„.UCI derived from 
turpentine (Montgolfier, A. Ch. [5] 19,115). In¬ 
active, ^ 

Decinene C,oH„. Ifydrocamphene. [140° 
uncor.]. Prepared by tho action of Wdiuni and 
gaseous HCl on a benzene solution of bornyl 
chloride (C,jn,,Cl), or of camphor-dichlorule 
(Kachler a. Spitzor, B. 13, 615; M. 
1, 689). White crystalline solid. V. sol. ether, 
less Bol. alcohol and acetio acid. Does not com¬ 
bine with HCl. Very stable ^towards oxidising 
agents. Probably identical with tlie preceding. 

Decinene (?)C„H,a. . Camnhine. ( 0 . 109°), 
P.G. S'! .g‘j 7 . Formed by distilling camphor 
with iodine or HI (Clans, J. pr. 25, 264; Weyi^ 
K i, 96). Rr acts upon it by substitution. 


m 

DECIHOIC ACID 0,„H,„Oa. [52 5°]. (307°) 
Formed by the action of sodi.im on butyria 
ether (Briiggcmann, A. 246,132). Long neeifies. 

DECINYL ALCOHOL C„H„0 U. 
(CHjiCH.CHJjCPr.OH. Di-allyUpropyUearbinol. 
•(194°). S.G. g *9707. O.Eiff (0°-20°). *00082. 
Ilo 5 78*7. From n-butfrio ether, allyl iodide, 
and zinc; tho product being poured into water 
and distilled (Saytzeff, A. 193, 862). Oil, smell¬ 
ing like turpentine. 

Decinyl alcohol C,ftH,„0 i.e. 
(CIl 2 :CH.CH 2 )j,CPr.OH. DLallyl-isopropyl-car* 
binol (183° i.V.). S.G. 2 *8047; *8612. 

From isobutyric ether, allyl iodide, and einc 
(Riabinin a. Saytzeff, A. 197, 70; Bl. [2] 81, 
199). Oxidised by tho air. 

Decinyl alcohol (?)C,„ri,^0. (176°). From 
valeiyleno and diluted H^SO, (Roboul, A. 143, 
373). Oil. 

Docinyl a’^ohol (?)C,JI„0. (c. 211°). \ 

product of the action of aliyi iodide and zinc on 
acetic ether (Schestakoff, J. irr. [2] 30, 215). 

DECIPPIUM. According to Delafontaine 
(G. Ii. 87, 632; 93. 03 ; C. N. 38, 223; 44, 67) 
Samarskite from North Carolina, and SipyliU 
from Virginia, contain an element belonging to 
the group of the earths, but differing from all the 
other metals of this class. To this element De- 
lafonlaine gave the name Decippijim. The 
double sulphate of Dp and K is insoluble in satu¬ 
rated KjSO^Aq; on this fact is based a method 
of separating from terbium. Further researches 
are required before the existence of ^ecippium 
can be regarded as established (c/. Eabtiis ; and 
Earths, metaj.8 of ire). M. M. P. M. 

DECOICACIDC,oH,„0,. Gapricacid. Mol.w, 
172, [30°]. (269°). S.G. ^*930. 

Occurrence.— 1. As glyceryl ether in butler 
(Chovreul, licchcrcUca siir les corps gras) and in 
cocoa-nut oil (Gt>rgey, A. 66, 295).—2. As iso¬ 
amyl ether in fusel oil from grapes (Fischer, A, 
118, 307; Grimm, A. 157, 264), and in fusel oil 
fiom Scotch whiskey (Rownyy, A. 79, 236).—3. 
In Limburg cheese (lijcnko, A. 55,85).—4. To 
the extent of 5 p.c. in tho fatty mass deposited 
by the water used to extract yolk (swiuf) from 
wool (Buisino, G. B. 105, 014). 

formation. —1. By tlie distillation of oloio 
acid (Gottlieb, A. 57, (>3).—2. By oxidation of 
oleic acid by HNO, (Rcdtcnbachor, A. 69, 64).— 
3. From octyl-aceto-fccetio acid (Guthzeit, A« 
201,.5). 

Properties. —Slender needles, hardly sol. 
water, of faint raucid odour. Sol. alcohol and 
ether. 

Salts.—AgA'. Needles from boiling xvater. 
SI. sol. water.—BaA'o. Plates from boiling 
water. SI. sol. water, sol. alcohol.—CaAV— 
MgAV—CuA'j.—NaA'. Sol. water. 

Methyl ether MoA'. (224°). 

Ethyl ether nW (244°). S.G. *862. 

Iso^amyl ether (275°-290°). In fusel oil 
from grapes. • 

Chloride C,„H,»OCl. ( 0 .210°) (Grimm, A, 
157, 272). 

Amide C,„n.j,ONH,. [98°j. Prepared by 
digesting aniinonio decoate at 230° under 
pressure; the yield is 76 p.o. (Hofmann,B, 15} 
984). 

DECOIC ALDEHYDE C„H,,.COn (c. 106«l 
at 15 mm. Formed by distiUing a mixture 01 
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bariotn deooate (o&prate) and barium formate, 
liiqnid. Oq reduction with zinC'dust and aoetio 
acid it gives »-prim:docyl alcohol (Krafit, B. 
16,1716). 

Isodeooic aldehyde (169® cor.). 

S.G. 2 ’828. Formed by oxidation of iso-oaprjl 
alooboL Oil. Does not •combine with KaHSOi 
(Borodin, J. 1870, 680). 

DBCOHFOSITION, GHBUICAI.. The break- 
ing’down of one definite kind of matter into 
simpler kinds is called chemical decomposition. 
By a definite kind of matter is meant, in chemis¬ 
try, an element or a compound. The term de¬ 
composition can be applied in strictness only to 
one class of changes undergone by compounds. 
The products of the decomposition of a .com¬ 
pound are either elements or compounds; the 
mass of each is different from the mass of the 
compound decomposed, and the properties of 
each are different from those of the griginal com¬ 
pound. The simplest cases of chemical decom¬ 
position are those brought about by the action 
of an external agency such as heat, light, or 
electricity on a compound; water, for instance, 
is decomposed by the electric current into hydro¬ 
gen and oxygen; salammoniac is decomposed by 
heat into ummonia and hydrogen ohloiide. By 
a slight extension, the term chemical decomposi¬ 
tion is used to include cases of chemical inter¬ 
action between two or more bodies resulting in 
the formation of new bodies, some at least of 
which are simpler than the original substances. 
Thus when water and potassium interact potash 
and hydrogen are produced; the water is often 
said to be decomposed by tlio potassium, inas- 
muoh as one of the products of the interaction 
is the element hydrogen, which was formerly 
combined with oxygen forming water. So when 
acetic acid and phosphorus peutachloride react 
to produce acetyl chloride, phospliorus oxy- 
ohlortde, and hydrochloric acid, each of the re¬ 
acting bodies may be said to be decomposed by 
the other. This example shows that the term 
chemical decomposition is used as covering the 
greater number of reactions known as chemical 
changes. The combination of two elements, or 
of one element and compound, or of two (or 
more) compounds, would not generally be called 
a decomposition; nor would the term be custom¬ 
arily employed with reference to an isomeric or 
allotropio change, such astthat of ammonium 
cyanate into urea, or of one form of crystalline 
arsenious oxide into the other form; but with 
these exceptions the terms chemical decomposi¬ 
tion and chemical change have practically the 
same connotation. 

When a chemical change between two or 
more bodies is called a decomposition, the term 
is generally used with the object of concentrat¬ 
ing attention chiefly on one of the changing sub¬ 
stances. Thus the change which occurs when 
potash solution reacts with chlorine to form 
potassittfli ohloride and chlorate is a decomposi¬ 
tion of the potash, but a combination of the 
obdorine with other elements. Again, when iUs 
•aid that common salt Is decomposed by sul¬ 
phuric i^d with production of hydrogen chloride, 
only doaMrt of the chemical change is brought 
promin^j^l^forward; it might be necessary some¬ 
times to say that sulphuric acid is decomposed 
by common salt with production of sodium sul¬ 


phate ; neither statement is a full account of the 
occurrenoo. 

Among chemical decompositions, in a nar¬ 
rower sense of the term, processes of dissociation 
take a prominent place. In those processes one 
•definite compound is resolved, by the action of 
heat, into two or more elements or compounds 
differing from itself, and each weighing less than 
the original compound; thus hydrogen iodide is 
dissociated into hydrogen and iodine, ammonium 
carbamate is dissociated into ammonia and car¬ 
bon dioxide, and so on. 

Chemical decompositions are special cases of 
chemical cliango; the laws which state the con¬ 
ditions and course of chemical changes apply to 
cliemical decomposition. Those laws are stated 
and discussed in other articles; v. especially 
Apfinixt, vol. i. p. 67; Chrmic.Uj ohanoe, vol. i. 
p. 731; Combination, Cuemical, Laws oir; Com¬ 
position, Chemical. M. M. P. M, 

DECONESE C,^„. (o. 148'’). From di- 
bromo-decylone (rutyleue bromide) and alco¬ 
holic potash (Bauer a. Verson, A. 151, 52; 
Tugolesoff, J. li. 13, 447). Oil, smelling like 
turpentine. Its bromide C,„H,„Brj gives no 
eyinene when heated with aniline. IICl gives 

Isomerides v. TEnruNES. 

DECOWOIC ACID C,oTT,,0,. Tn-Hhnij/l- 
butyric acid {"i) (c. 255 ). Foinicd by heating 
NaOEt and NaOAc in a current of c6 at 205® 
(Geuther a. Frolilich, A. 202, 300). 

n-jw-m-DECYL-AlCOHOL i.c, 

CH,(CHj),CH,OH. Mol. w. 158. f7®]. (U0'':it 
15 mm. S.G. (liquid)-I-8380 ; 8207; "-yT.S'x. 

Large rectangular prisms or a thick sweet-smell¬ 
ing highly-refractivo liquid. 

Formation.—Cai>ric aldehyde (ohtainoil by 
distilling barium capratc with barium foriaialo) 
is reduced with zinc-dust and ac-i'tio aeid. 

Acetyl derivative C,,IT^,OAc (125” at 15 
mm.). Mobilepecultar-smollin r liquid. Snli lilies 
at a low temperature (KralTt, B. 10, 1710). 

Bocyl alcohol C.,H,,CHPM)fI. Prcxnildicrtil. 
carbiuol. (211®). S.G. 2 •8.30; ’St'O. Fumi 
mnanthol and ZnPr,, followed by water (Waguor, 
Bl. [2] 42, 330; J. R. 16, 320). Oil. 

Decyl alcohol C,„n.,OH. (200°). H.G, 
•858. From the dccane of petroleum vid ducyl 
chloride (Lemoine, Bl. [2] 41, 165; c/. Pclouze 
a. Cahours, J. 1803, 529 ; A. Ch. [4] 1, 5). 

Becyl alcohol C,„Il..,OH. Isocnpric alcohol. 
(203®). S.G. - '867. From isovaleric aldehyde 
and sodium (Borodin, Z. 1870, 415). 

Acetyl derivative C,oH..,OAc. (220®). 
S.G. 2 -883. 

Benzoyl derivative Cjall^iOBz. (above 
280®). 

Becyl aliJbboI C,„H„OH. (c. 230®). S.G. -84. 
From isoamyl isovalerate and sodium (Lourenfo 
a. Aguiar, Z. 1870, 404). 

Acetyl derivative C,oH,j,OAo. (o. 282®). 

Becyl alcohol 0„Et3,OH. Diisoamyl alcohol. 
(203®). Formed, together with an isomeride 
(212®), from di-isoamyl (decane), by chlorination 
and displacement oi Cloy OH(Grimshaw, B.lOi 
1602). 

BECTL BBOHIBS Ci^xiBr. From di-iso- 
amyl. Splits up on distillation into HBr and 
dccylene* 
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DECnCHLOBEDBO„H„CI. (200«). From 
di-isoamvl &nd Cl (Sohorlemmer, A. 120, 24C). 

Deoyl chloride 0,jH„CL (c. 202®) (Pelouze 
tt. Cahours, A. Ch. [4] 1, 5). S.G. ifi -008 (L«. 
moine, Bl. [2] 41,165). From decane of petro- 
learn and chlorine. * 

Becyl chloride (o. 106®) (Wurtz, 

Bl. [2] 5, 815). From Cl and the decane from 
di-bromo-decane (diamylene bromide). 

Deoyl chloride (o. 180®). From 

decyl alcohol (ieocapryi alcohol) (Borodin, /. 
1804, 338). 

DECYLENB C,„K^. DuamyUm. (166®- 
166-8®) at 757-4 mm.;'S.G. -778!); C.E. (10®- 
166®) -00121; V.D. 4-86 (for 4 84); S.V. 211-3 
(Schifl, .4. 220, 90). 

Formation. —1. From isoamyl alcohol by 
treatment with PjO, or ZnCU (Cahours, A. 30, 
295; Balard, A. 62, 316).—2, From amylono 
(tri*methyl*ethyleno) and ZnCl, or cone. H.SO 4 
(Bauer, Sitz. W. 44 [2] 87; Wyschnegradsky, 
J. B. 7,166; Berthelot, A. 128, 311; Lebecleff, 
J. B. 7, 246; Erlenmeyer, Z. 1865, 362 ; 
Schneider, A. 157, 207). 

Properties. —Oil. Yields, among the products 
of its oxidation, amcthenic acid GjIli.O^. 

Dsoylene (163*7° cor.) at 744 mm. 

S.G. 22 -7387. V.b. 70 (calc. 70). From di-i^o- 
amyl by treatment with Br and distillation of the 
resulting bromo-di-isoamyl (Lachowicz, A. 220, 
178). Formed also by distilling deoyl acetate 
(from decyl bromide and NaOAo). Aromatic 
liquid. Soluble in dilute H.^S 04 (1:1). Combines 
readily with Br, but some HBr also comes off. 
The product is decomposed by distillation. 

Decylcne C,oH.„. ( 0 . 169°). S.G. n -855. 
From petroleum decane (Lemoine, Bl. [2] 41, 
166). 

Decylene BecanapWiene. (161°). S.G. 

2 *705. Rgj 77*2. Occurs in petroleum from 
Baku (MarkownikoH a. Ogioblin, J. B. 16, 332). 

Deoylei^e C,oHjo. (171°). Among the products 
obtained by strongly heated paraffin (Thorpe a. 
Young, A. 106, 22). 

Decyleno C,oH«. (176°). S.G. 2 -791. From 
blubber by saponification and distillation of the 
lime salts of the resulting acids (Warren a. Storor, 
Z 1868,231). 

Decyleno C,oil, 0 . (176°). S.G. 2 -82.3. From 
petroleum from Bui-mah (Warren a. Storer, Z. 
1868, 281). 

Isometides v. Tetrahydrides of Terpekbs. 

DECYLENE GLYCOL v. Di oxy-decane. 

DECYLENE OXIDE C,oH..oO. Diamylene 
oxide. (170®-180°). From C,„H,o(OAc).,and solid 
KOH (Bauer, Sitz. IK 46 [2] 276). Oil. Beduces 
ammoniacal AgKO^ 

Decylene oxide C,oH|,0. (c. 201°). V.D. 

6-3 (cato. 6*4). Formed by the action of conc. 
KOHAq on the product of the action of crude 
amylene on Bz^O, at 110® (Lippmann, M. 6,663), 
Does not reduce ammoniacQlAgNO,npr combine 
witli NaHSO,. 

DEHYDRACETIC ACID C.HhO^ U. 
CMe.O.CMe 

II 1) (?). [1093j. (270° cor.). S. 1 

CH.CO.C.CO,H 

atO®, 

Fomafiow.—1. By passing the vapour of 
aceto*acetio ether through a glass tube filled 
with pumice and heated to redness (Geuther, Z. 

VoL. II. 


[2] 4,665; Perkin, jun.. C. J. 47.240; 61,489).— 
2. By the action of pyr^ine or pioolihe upon 
acetyl chloride; these bases probably only act 
by removing HCl, for they are found unaltered 
at the end of the reaction (Dennatedt a. Zimmer- 
mann, B. 19, 75). 

Needfesortrimetrio tables (from 
water). V. sol. hot water, hot alcohol, and 
ether. Fe^Cl, colours its solution orange. . 

Bcactions.—l. Boiling cone. NaOR^ splits 
it up into GOz, acetic acid, and acetone. Alco* 
holio KOH forms, as intermediate products, 
aceto-aoetic ether and acetic acid.—2. Ammonia 
forms oxy-di-raethyl*pyridine (Perkin, B. 18,682; 
Haitinger, M. 6,105).—3. Zn and HCl forms an 
acid [187®] (Oppenheima.Precht.B.0,1101).— 
4. PClj forms CsH„0,Cl, [101®], reconverted by 
water at 200® into dehydracetio acid. 

Salts. — Na A' 2aq.—BaA', 2aq. — CaA'^— 
ZnA', 2aq.«*AgA'. 

Methyl ether A'Me: [91®]; prisms; ▼. 
sol. water. Has distinct acid properties, forming 
C,H,(Na) 04 Me (Perkin, B. 18, 218), 

Ethyl ether EtA'. [92®]. 

Amide C^HjOaNKj. [209®]. From the acid 
and aqueous NH-, (0. a. P.). 

Anilide CJI,0,NHPh. [11.5®]. 

Oxim C,H,0,C(NOn): [173®]; colourless 
crystals, sol. alcohol. Formed by the action of 
hydroxylamino on potassium dehydracetate. 
Fe^Cl^ gives a purple-rcd colouration. 

Phenyl • hydrazide C,H^OiC(N.NnPh); 
[c. 207®]; glistening yellow tables (from alcohol). 
Formed by the action of phenyl-hydrazine on 
potassium dehydracetate (Perkin a. Bernbart, 

B. 17.1522), 

Chloro'dehydracetlo acid 0*11,CIO,. [93°]. 
From dehydracetio acid and Cl (0.a.P.). Small 
needles. 

Bromo* dehydracetio acid C^H^BrO, «.e. 
CBr.CO.C.CO,H 
li II (?). [137®]. 

CMe.O.CMe 

Preparaiton.—Dehydracetio acid (5 g.) is dis¬ 
solved in chloroform (60 g.), a slight excess of 
bromine and a little iodine are then added, and 
the whole warmed on the water-bath at about 
50®. The reaction once started continues by 
itself and is finished in about 12 hrs. (Perkin, 

C. J. 51, 490). 

Properties.—Plates and prisms. V. sol. hot 
alcohol, chloroform, benzene, and petroleum* 
ether, si. sol. cold alcohol. 

Oxy-dehvdraceiic acid CaII,Oj i.e, 

COJI,0—CO—C.OH 

• II II (7). [c.2r.3»]. 

Me.C —0 -C.Mo 

l‘rei<amtion. — Bromodehydraeetio acid la 
dissolved in a little alcoholic potash, excess of 
the latter is then added, and the whole allowed 
to stand for several days at about 40° (Perkin, 
C. J. 61, 491). 

Prop<!rfics.~Fouii.8ided crystals. M. eoL 
hot alcohol, almost insol. cold water, ohlorotorm, 
J)etroleum-ether,bonzene,andacetone. Is readily 
sol. alkalis. Sublimes with slight decomposi¬ 
tion. 

Salt.-0,H.O,AR, (7). 

Acetyl derivative 0,H,0,(04o)s [IST"]. 
Bhomboidal plates. V. sol. hot aleolud, nt. soL 
benzene, chloroform, ether, and CSp 

BB 
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!(sodebydracetie add v. Carbo-aceto-acetic 
$ther, vol. i. p. 20. 

OEHYDKODiACSTOHAKINE v. Aceton- 

AHINE. 

OKHYOBACETONE-BENZIL v. Acetone* 

BBNZnu , 

DEHYDHACETONE . PHEKANTHRAQBI- 

NONE V. AcETONE'PHBNANTRIUQniNONE. 

EEHYEEACETOPHENONE-ACETO-ACETIC* 

ACIB V. ACETOPnENONE'ACETO'ACBTIO ACID. 

BEHYBBACETOFHENONE. ACETONE v. 

AoETOPHBNONE'ACETONE. 

I)£HYl)BACETOPHENONE*BENZIL v, Ace- 
tophenone-oenzil. 

DEHYDBO-BENZOYL-ACETIC ACIB 
CH.CO.C.CO^ 

II (?)• [172®]- rre. 
CPh.O.CPh 

pared by heating bcnzoyl-acotic ether for 7 or 8 
minutes at its boiling-point, alcohol oeing split 
off (Baeyer a. Perkin, jun., B. 17, 64; C. J. 47, 
262; Am. 8, 1011. Long yellow needles. V. 
sol. ether and chloroform, m. sol. alcohol, si. 
sol. ligroin. 

Reactions.— 1. By standing with cold alco¬ 
holic KOH it is reconverted into benzoyl-acetic 
acid.—2. It dissolves in cold HjSO* with an 
olive-green colour, and on heating becomes a 
^l^did violet, the spectrum of which exhibits 
the"indigo bands; on dilution with water the 
colour vanishes.—3. Sodium amaljam reduces 
it to an acid [112°], and an acid 

CijHnO, [145°-160°].—4. Fe^Cl, colours the hot 
alcoholic solution ovangc-red.—6. Does not com¬ 
bine with Br.—C. Does not react with Ac^O. 

7. Red-hot soda-lime gives acetophenone.— 

8. Phenyl-hydrazine forms a yellow compound. 

9. PCI, gives C„H„C10, [151°]. 

Salts.—FeSO, gives a blackish-violet amor- 
phous-pp., and Fe.Cl,. gives a deep scarlet pp. in 
neutral solutions (Baeyer a. Perkin, B. 17, 64). 
A'Ag: white flocculent pp. 

Ethyl ether EkA'. [150°]. Needles. M. 
sol. aloohd, benzene, and CS,, si. sol. ether and 
light petroleum. Fo^Cl^ colours its alcoholic 
solution reddish-brown. NaOEt added to its 
ethereal solution forms a sodium derivative. 

Derived acid C,aH,,0, i.e. 

0; CH.C.CO,H 

H |j (?). [112°]. Formed as above 

CPh.O.CPh 

{Reaction 3). Tables. V. sol. alcohol, ether, 
benzene, CS,, and chloroform, almost insol. 
light petroleum. Does not decolourise Br in CSj 
solution. Cone. gives an intense orange 
solution which on warming becomes first colour¬ 
less and then greenish-brown. 

Derived acid i.e. 

CH.CH( 0 H).aC 03 H 

I jj (?). [145°-150°]. Found io 

CPb~0 —CPh 

^emother-liquorfrom whichthe«boye has sepa¬ 
rated. Yellow needlesffffim alcohol-petroleum). 
V. sol. most solvents, si. sol. light petroleum and 
CS,. Gives off CO^ on fusion. The CS, solution 
does not decolourise Br in the cold; on warming 
HBr is given off. Cone. H^SO, forms a yellow 
8olut46l> which becomes brownish-red on warm¬ 
ing. Boiling Ac^O forms C^HnO, [145°-150°] 
which crystallises from 80 p.c. acetic acid in 
yellow needles; it is v. sol. hot alcohol, benzene, 


and chloroform, bot si. sol. ether; asd its aloo 
holic solution is turned scarlet by Fe,OL. 

BSHYBBOBENZYLIBSNEDUCETOACETIO 
ETHEB 0. Bbnztlidene-ducetoacetio ethbb. 

. BEHYBBO-CHOLElO ACID «. Cuouixc 

ACID. 

BEEYBBO-CHOLIC AOIB v. Cholic acid. 
DEBYBBO-CINCHENE v, Gihcbene. 
DEHYBBO-GINGHONINE v. Cinchonine. 
DEHYDBO - CONQUININE v. Cinchona 


BEHYBBO.KUGIC ACIB v . Mncic acid. 

DEHYDBO-BIPBOTOCATECHiriC ACID o. 

Tetra-oxt-di-phenyl di-carboxylic acid. 

DELPHININE C^^^NQ,. [119°] (Blyth). 
S. *02 at 20°: S. (alcohol) 6 at 20°; S. (ether) 9 
at 20°; 8. (chloroform) 6'3 at 20°. An alkaloid 
occurring in the seeds of stavesaore, or Del¬ 
phinium staphisagria (Lassaigne a. Feneuille, 
A. Ch. 12, 358; Brandes, Schw. J. 25, 869; 
0. Henry, J. Ph. 18, 661; Couerbe, A. Ch. [2] 
52, 352; A. 9,101; Erdmann, Ar. Ph. [2] 117, 
43; Marquis, Russ. Zeit. Pharm. 16, 449, 481, 
613). Trimetrio crystals {from ether); a:6:c 
*=* ’BS?:!: *804. Decomposes at 120°. Inactive; 
has a slightly alkaline reaction. Tastes somewhat 
bitter. Cone. H^SO, gradually forms a faintly 
brown solution changing to reddish-violet. A 
mixture of dolphine (1 pt.) and malic acid (1 pt.) 
is coloured orange by HjSO,, the colour changing 
through deep rose to blue (Tattcrsall, C. N. 
41, 63). 

Salt8.-B'2HCl.-B'HAuCl,.—B ,2nNO, (?). 
—B;2 HjSO, (?).—B'HHgl,. 

Delphinoidine C,,H8,N,0,. [110°-120°] (?). 
S. '017; S. (ether) 33. Separates from the 
ethereal solution out of which delphinine has 
crystallised (Marquis). Miscible with alcohol. 
Inactive. Tastes bitter. Has an alkaline re¬ 
action. With sugar and it becomes first 
brown, then green [cf. Schneider, Fr. 12, 219). 
H^SO, and bromine water give a violet colour. 

Salts.-B'2HCl. — B'E^AujCl;. — 

—B'2HNO,.—B'2HOAo. 

Delphisine C 3 ,H 4 „Nj 04 (?). Once found in the 
mother-liquors, from which delphinine had 
separated. Less soluble than delphinoidine 
which it resembles. 

Staphisagrine C;«H,jNOj. [c. 90°]. S. *5; 
S. (ether) *117. Also occurs in stavesacrc. Amor¬ 
phous. Differs from the preceding alkaloids in 
being much less sol. ether. Soluble in all pro¬ 
portions in alcohol and chloroform. Optically 
inactive. Has an alkaline reaction. Cono.HjSO, 
gives a cherry-red or violet colour. Does not 
give a green with sugar and HjBO,, or violet 
with H..SO, and Br. HNO, colours it orange. 

Salts. — D'HOl. ^ B'HNO,. — B'HOAo. — 
B'HAuCl,.-»'HgIj (?). -B'jR,SO,. 

DENSITIES. BELATITE, of solids, liquids, 
and gases.—The subject of densities, absolute 
densities, relative densities, and specific gravities, 
deals with the following points 

1. The mass contained in a definite volume 
of any one substance, or, knowing that weights 
are proportional to Classes, the weights of defi¬ 
nite volumes of different substances. 

2. The ratio between the mass contained Itt 
any volume of a substance and the mass con¬ 
tained in an equal volume of a substance chosen 
as the standard, or, expressing this somewhat 
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differently, the ratio between the weight of a | 
certain voiame of any eubatance and the weight i 
of an equal volume of the standard substance. 

The terms in which these different ideas are 
embodied are densify^ absolute density^ rAlatvoe 
deniityy and specifio gravity. Unfortunately 
there still exists a great deal of confusion as to | 
the use of these terms, and even tlie standard 
text'books do not show agreement on this point! 
U is, therefore, necessary to give definitions of j 
these terms showing the meanings which will I 
be jgiven to them in this article, and then to I 
indicate wherein there is want of scientific pre* i 
oision in the ordinary use of the terms, and also i 
wherein the meanings given to them in the 
text-books differ. 

1. The density, or the absolute density, of 
any substance at any temperature is the mass 
of unit volume of that substance at that 
temperature. 

Thus, if stands for the ^absolute density 
of the substance at temperature t, for the 
mass of the substance at temperature t, V, for 
the volume of the substance at temperature t, 

we have the relation = the numerical | 

value for the absolute density will depend on ! 
the units of mass and length employed. 

Making use of the notation of dimensional 
equations as introduced by Maxwell we get 

[D] = - -W = [M] [L]-'; 

[V] [hy J » 
that is, we find the unit of density to be of one 
dimension in mass, and of minus three dimen> 
sions in length. 

2. The specific gravity, or the relative density, 
of a substance at any temperature is the ratio of 
the mass of any volume of the substance to that 
of an equal volume of some standard substance. 
The standard substance generally chosen is 
water at ^he temperature of its maximum 
density. 

The above definitions show that relative 
density may be found by comparing the masses 
of any volume; we may choose tbo masses of 
unit volume, but inasmuch as we have given 
the name of density or of absolute density to 
tlio mass of unit volume, we shall thus get i 
new definition for spocifio gravity or relative 
density, namely, 

The specijic gravity or tho relative density of 
a substance at any temperature is the ratio of 
its absolute density to the absolute density of the 
standard substance. 

Tutting S for tho relative density, we get 

Hi 

_D V,. __j TT* XT a 




5; " 


where M, and M, stand for the masses of volumes 
V, and Vj. 

It is evident from the above formula that, 
inasmuch as S is the ratio between two masses, 
its value is independent of unit chosen for 
mass. Eenoe the number expressing the rela* 
tive density or specific gravity is a pure number, 
and has no dimensions. 

On referring back to the two definitions given 
above, we find density and absoUtU density, 
relative density and epedfie gravityt used ai 


synonymous terms. It does not matter which 
of them we employ, but it is better to make 
a definite choice at the outset and to abide by 
it. Absolute density goes with relative density, 
and density with specific gravity. The terms 
absolu^ density ^ and^ relative density will be 
used in this article. Unfortunately the teitns 
density and specific gravity are often used as 
synonymous, specific gravity being applied to 
solids and liquids and density to gases. To 
give the same meaning to two terms which 
express entirely distinct ideas is quite unpardon¬ 
able. Attention has been drawn to this un¬ 
scientific use of scientific terms in some of the 
more recent standard text-books, but there is still 
a difference of opinion as to the advisability of 
using the term specific gravity in preference to 
relative density, or vice versd. Agreement on 
this point yould be desirable.* 

We have found that the numerical value for 
the absolute density depends on the system of 
units employed, while that of the relative density 
is the same whatever the system of units. If 
we use the C.0.8. system of units, as is now 
done in scientific work, we find that there is a 
definite relation between the unit of mass and 
the unit of volume, the unit of mass being the 
mass of unit volume of water at the tempeta- 
ture of its maximum absolute density. Th4’e- 
fore the maximum absolute density of water is 
equal to unity, and the relative density of any 
substance when referred to water at its maxi¬ 
mum absolute density as standard is expressed 
by a number which is identical with that of 
its absolute density. Thus, taking the case of 
gold, its absolute density in the C.G.S. system 
of units is 19*2 grams, i.e. 1 o.c. of gold weighs 
19 2 grams; the relative density of gold is also 
19*2, that is, the mass contained in any volume 
of it is 19*2 times as groat as that contained in 
an equal volume of water. 

There are evidently two main methods for 
experimentally determining the relative density 
of any substance. 

1. Determine its absolute density, that of the 
standard being known. 

2. Determine the ratio of the mass of the 
substance to that of an equal volume of the stan¬ 
dard. 

A short account«of the principles underlying 
the most important methods for detoi'mining 
relative densities is all that can be given here. 
For detailed accounts of the relative values of 
the various methods and for the necessary ex¬ 
perimental precautions books on practical phy¬ 
sics must be consulted. (The article Dickie in 
Ladenburg’s HandwOrterbuch der Chemie, 8, 
281-280, is particularly complete.) 

I. Belativb DBKsmES or SOLIDS. —The stan¬ 
dard substance is water at the temperature of 
its maximum density. It is not easy to produce 
this temperature and maintain it constant; how¬ 
ever, we know aconrately the density of water 
• 

* The Gemum eqaivaleats of doaeity (DtekHgteU) and 

r lflo gravity Ofu>kht)an used la exactly 

same eense m In Bogllsh. There leeme to exist a 
great deal of ambiguity aboat tbe use the Prenob tenna 
astuttS and poidi tpictfique. The two are need as synony- 
moDB, cw, If a difference to made, tiito oonetote In defining 
demiii ae the mtu* oontalned In unit 'rolnme, and ;widi 
jpfetdvue ae the ueif/ht of unit volnme (e. DiUe, Expiid ik 
ftietqm preptiMt tininkt del eorpe). 
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ftt various temperatures, so tiiat vre can always 
ealoulate what the mass of water at the tempe¬ 
rature of the experiment would become at the 
temperature of maximum density. 

1. Experimental procesees hated on 
the first method^ tmA is, on determining 
the absolute ^ density, that of water being 
known* — Using the O.G.S. system of units 
we find the absolute and the relative density to 
be numerically the same. From the formula 

M 

Dn^ we see that the experimental work con¬ 
sists in determining (a) a mass, that is praoti- 
oally a weight, (6) a volume. The following 
methods are used in practice. 

(i.) The body is weighed in air and then 
thrown into a graduated vessel partly filled with 
liquid. The mUerence in readings before and 
after introduction of the solid gives^its volume. 
The weight in grams divided by the volume in 
cubic centimetres gives the absolute density 
which is numerically equal to the relative den¬ 
sity. 

(ii.) By means of the stereometer or volu~ 
menometer. The use of this apparatus is based 
on the assumption of the truth of Boyle’s law, 
according to which pressure x volume =* constant, 
uhen temperature is constant. (For a descrip¬ 
tion of the instrument reference must be made 
to a manual of practical physics.) 

2. Experimental processes based on 
the second method, that is, on determining 
the ratio between the mass of the substance and 
the mass of an equal volume of the standard 
substance. 

(i.) The specific gravity bottle.—'Ihe form 
and capacity of this instrument vary widely, ac¬ 
cording to the special purpose for which it is 
used. Generally it is a small flask of thin glass 
whi<^ will hold a definite volume of liquid. The 
amount of liquid is adjusted either by tilling the 
flask up to a mark on the neck or by filling it 
completely and inserting a perforated stopper 
through which excess of liquid flows out. The 
observations necessary are: 

(а) The weight of the flask filled with dis- 

till€^ water W,. 

(б) The weight of the solid in air 

\V. 

(c) The weight of the Vlask into which the 
solid has been introduced filled with water up 
to the mark or completely as before 

Then we know that owing to the introduc¬ 
tion of the solid into the flask a volume of 
water has been expelled which is equal to that 
of ^6 solid introduced, the weight of this vo¬ 
lume of water is therefore the 

relative density of the soUa is 

g ^ _weigh t of solid _ 

weight oT eqi^ volume of water 

_ W 

•w,+w-w„* 

The following methods for determining rela¬ 
tive densities of solids are based on the principle 
of Archimedes, according to which a body when 
immersed in a liquid experiences a loss of weight 
equal to the weight of the volume of liquid ^s- 
placed. 

(ii.) The hydrostatic bajanci.^The solid is 
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weighed in air; eaU this weight W; it Is then 
suBjMnded by means of a fine thread horn one 
of the scale pans and weighed again; call ^ii 
W,; it is then suspended as before, immersed 
in water and weighed; call this W,,. Then, by 
the principle enunciated above, tne weight of 
water displaced by the solid—that is, the weight 
of a volume of water equal to the volume of the 
solid immersed—is W„-W^, and the relative 
density of the solid is 

(iii.) Jolly's boZance.—The principle is the 
same as that of the hydrostatic balance. 

(iv.) Nicholson's hydrometer .—This instru¬ 
ment belongs to the class of hydrometers in which 
the volume immersed is kept constant while the 
weight is changed. It consists of two cups 
connected by a fine stem on which is placed the 
mark of constant immersion. The instrument 
is placed in a vessel of distilled water of suitable 
size and the following observations are made: -- 

(a) Weights, W, are placed in the upper cup 
till the instrument sinks to the mark. 

(b) The solid,togetherwith sufficient weights, 
W^, to produce the same result, are placed in the 
upper cup. 

(c) The solid is placed in the lower cup, and 
weights, W,,, in the upper cup till the instru¬ 
ment sinks to the mark again. From these data 

wo find the relative density 

W,—W„ 

All the methods montioned must be modified 
for 

1. Porous substances. In order to determine 
what is termed the apparent density, that is, the 
weight of the apparent volume including air 
spaces, porous substances pervious to water must 
bo covered with varnish before immersion. 

2. Substances soluble in water. It is neces¬ 
sary to substitute for water some liquid of known 
relative density, in which the 8olid*will not dis¬ 
solve. Then if p is the relative density of the 
solid when referred to the liquid of density p, as 
standard, its relative density referred to water is 
9'Pi' 

8. Solids lighter than water, (a) A liquid of 
known density in which the solid will sink is sub¬ 
stituted for water. The calculation is the same 
as above in 2. (b) The solid may be attaclicd 
to one of known weight, w, and known relative 
density, p„ and of such a volume that the two 
together will sink. The heavy solid is called a 
tinher\ the form it takes must vary according 
to the light solid, the relative density of which 
is required. The calculation is simple. Let the 
weight of the solid in air be W; the total loss of 
weight on immersing sinker plus solid «W,; 

then weight of water displaced by sinker ■ > 

therefore, loss of weight on immersion due to 
light solid -W,—w, 

' w 

aad relative denaitj oJ light aolid » S » 

7 , 

(e) The solid ma; be prevented meohanioallj 
trom rising; this might be done b; having a 
wire cage attached to the lower pans in a JoU/’s 
balance or in a NiohoUon’s bjrdrometer. 
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n. BiUTtvB osNaxTisa or uqgids. —The 
standard is water at the temperature of its 
maximum density. 

1. Experimental processes based on 
the determination of the absolute 
density are not numerous. Speoido gravity 
botUes which when tilled up to a mark in the 
neck contain a (Icfmite volume, generally marked 
outside, are much in use. The diilerence be¬ 
tween ^e weight of the bottle when filled with 
liquid and when empty gives the weight of a 
known volume of liquid, from which the absolute 
density, i.e, the weight of unit volume, can be 
calculated. 

2. Experimental processes based on 
determining the ratio between a sjyeoi- 
fied mass of the liguid and that of an 
equal volume of water. 

(i.) The hydrostatic balance.—A. glass rod is 
weighed first in air, then immersed in the liquid, 
and finally immersed in water. If W and W, are 
the losses of weight on immersion in the liquid 
and in water respectively, then these are the 
weights of equal volumes, as both are the weight 
of a volume of liquid equal to the volume of the 
rod. Hence the relative density of the liquid 


*’ r 

(ii.) The spcdjlo gravity bottle. — A glass 
vessel of suitable size and form is weighed when 
empty in air—let this be W; it is then weighed 
when filled with water—let this bo ; it is 
again weighed when filled with the liquid—let 
this be W„; the relative density is given by 

the formula S« 

(iii.) Method based on the fact that when 
iwo columns of liquid are in equilibrium with 
each other their heights are inversely propor> 
tioml to their densities.—k tube of tho shape 




shown in the figure is very suitable. There 
is air between A and B, water between B and F, 
and the liquid under examination between A and 
E, The vertical distances A E and B F are 
measured—let these be h and h'; then 
where p and p, are the absolute densities of the 

• ft 

two liquids, but p, <** 1 and p » 

fiv.) Hydrometers.—These are of various 
kinds. 

A. The volume immersed is kept oonstant, 
and is indicated by a mark on the stem. 


The relative density is given by 

G + W,* 

where G is the weight of the hydrometer, W is 
the weight necessary to make it sink to the 
mark when immersed in the liquid, and W, is 
the weight required to cause it to sink to t^ 
same mark when immersed in water. Kichol- 
son’s and Fahrenheit’s hydrometers belong to 
this class. 

B. The weight of the hydrometer is kept con • 
stant, and the volume immersed varies. A scale 
is attached to the stem; this is divided differently 
in different types of instruments. 

a. It is divided into equal parts; to find the 
relative density it is necessary to consult a table 
in which these arbitrary units are expressed in 
terms of densities. Beaum^’s hydrometer is an 
instrument belonging to this class. 

3. The scale-readings give directly the relative 
densities sSught. In order that this may be done 
the volumes immersed must decrease in har* 
monical progression as the densities increase in 
arithmetical progression. Twaddle’s hydrometer 
belongs to this class. A difference in relative 
density of 0*005 is taken as one degree, so that 
there are 200° for a range of relative density 
between 1 and 2. Hence for a reading of n 

Twaddle, the relative density S = 1 + 

200 . 

(v.) Specific gravity halls. —These are sets 
of small glass balls willi the number indicating 
a relative density marked on each. The ex¬ 
perimental work consists in ascertaining which 
ball will just float in the liquid. The number 
on the ball gives directly the relative density of 
the liquid. 

The nature of the liquid, the quantity of it 
at our disposal, and tho degree of accuracy re¬ 
quired, must decide to which of the above 
methods the preference is to be given. For very 
rapid and only approximate work it is best to 
use a hydrometer, while the specific gravity 
bottle, which can be made Very small and so as 
to present a minute surface for evaporation, is 
best for accurate work as well as for oases in 
which we have to deal with only a small quantity 
of liquid or with a very volatile litjuid. 

HI. BeLATIVK nJSNSlTIES OF OISCS AND 

VAi'ODKS.—The standard is air at 0° and a pres¬ 
sure of 700 mm. lielativo densities are found 
by determining the absolute density at a known 
temperature and pressure, and then calculating 
what that density would bo at 0° and 700 mm, 
pressure, on the assumption of the rigorous 
truth of Boyle’s and Charles’s laws. The ab¬ 
solute density of the standard, that is of air, is 
supposed known; Itognault’s value, 0*001203, is 
generally accepted. It is to be regretted that 
the word density is almost universally used 
when the relative density or the specifi/: gravity 
of a gas or vapour is meant. 

A. Relative densities of gases^ that 
is, of substances which ore gaseous at the oedi- 
Dar-y temperature. 

1. Renault's method.—The method first 
used by Biot a. Arago‘ was wonderfully im¬ 
proved by Kegnault.’* A large glass balloon is 

‘ Biot a. Ango, ' DdtenaluAtioa da pi^ds da iitr« 
d'alz,’ Mdmoim ds I'Aead. 1808. ^ ^ . 

* Begaaolt, * Determination de la dcaiitS dw gaa 
UdmoirM d$ nmtUvtt ZII. 
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filled with the gas at pressure H, and the tern* 
perature of melting ice. In order to avoid the 
very uncertain correction for buoyancy in air, 
which is of the greatest importance in weighing 
quantities of gas, which ate often lighter than 
i^e air displaced, the balloon is weighed when 
eounterbalanoed by one of the same volume and 
axade of the same glass. It is then exhausted 
to pressure h, the temperature being kept at 
zero, and weighed again. The difference, W, 
between the two weights gives the weight of the 
gas filling the balloon at pressure H-h, from 
which that at normal pressure is deduced to be 

The volume of the balloon 

Jtl'A 

being known or determined, we possess all the 
necessary data for calculating the absolute den¬ 
sity of the gas. The utmost has been done from 
the physical side to secure accuracy ^n these de¬ 
terminations ; the great difficulty at present is to 
obtain the gases used in a state of suflicient 
chemical purity. 

2. Bunmi's mefhod.'—This is based on the 
law that the velocity of effusion of gases througli 
fine tubes is inversely proportional to the square 
roots of their relative densities. This method is 
applicable when only small quantities of gases 
are at our disposal, and when only approximate 
values are required. 

B. Belative densities of vai^ours, that 
is, of substances which must be raised to a tem¬ 
perature above that of the atmosphere, in order 
to change them into gases. 

Here, again, it is the absolute density which 
is determined directly, and which is referred to 
that of air. The experimental processes consist 
either in determining the weight of a known 
volome of gas (Dumas’s method), or in determin¬ 
ing tlie volume occupied by a known weight^ 
(Gay-Lussac’s, Hofmann’s, Moyer’s method). 

Let W be the weight of any volume, v, of any 
vapour at temperature fund pressure let\V" 
be the weight of an*equal volume of air at the 
same temperature and pressure; then the rola- 
W 

tive density of the vapour but 


^ . 1 ^ W 


760,. 


-(! + .<) 


where S is the weight of 1 t.c. of air at 0° and 
760 mm. According to this formula, in which 5 
and a are constants, four magnitudes, v, t, p, and 
W, must be determined in order to give us d, 
Ikitms’s metJiod .—The weight «; of a thin 
glass balloon ending in* a long fine neck, when 
full of dry air at temperature T and pressure P, 
is determined. Excess of the substance to be 
vapourised is introduced into the balloon, 
which is then heated in a bath to a suitable tem¬ 
perature. When vapour ceases to escape from 
the neck of the balloon, the end of the neck is 
se^ed by melting in tht blowpipe; the tempe¬ 
rature, t, of the bath, and the atmospheric pres¬ 
sure, p, ^ing noted The weight, of the 
balloon full of vapour is thus determined. By 
bicaking the point of the neck under water or 
mercury, the balloon is completely filled with 
one of these liquids, and the Terence between 


* Bmuen, Goiomttriiehe Mtihodtn, 
■ V. Axaltsi^ veh L pp. St7-4t9. 


the weight of it when tilled and when empty 
gives the weight of liquid filling it; the ab¬ 
solute density of this liquid being known, we 
have the data required for calculating the volume 
pf the balloon. We have now obtained v, f, and 
p by direct observations. We must find the 
weight, W, of vapour filling the balloon at temp, 
f, and pressure p. 

W=W; — weight of glass 

air filling balloon at temp. T and 
pressure P) 

= —w-¥v)„ 

where «,„=v5. 

Gay-Lnssfic's W.-‘•A tube of about lialf 
the barometric height, divided into cubic centi¬ 
metres, and completely filled with mercury, dips 
into a trough of mercury and is surrounded by a 
vessel of water. The whole apparatus can be 
heated to the required temperature. A known 
weight of the substance contained in a small 
glass bulb is allowed to rise in the tube filled 
with mercury. On heating the apparatus the bulb 
breaks, and the substance is changed to vapour. 
The four data necessary for substitution in the 
above formula are obtained in the following 


way 

W = the weight of substance, is obtained by 
direct weighing; 

pa the volume, is obtained by reading the 
volume occupied by the vapour in the 
tube in terms of scale-divisions ; 

t a the temperature of the surrounding water; 

p is given by the difference (reduced to 0°) 
between the height of the barometer 
and the height of the mercury column 
in the tube. 

Hofmann's method ,—This method is a modifi¬ 
cation of that of Gay-Lussac, a tube longer than 
the barometric height being used. The observa¬ 
tions and calculations are the same as in Gay- 
Lussac’s method. This method has the advantage 
tliat the substances are volatilised at tempera¬ 
tures lower than their ordinary boiling-points. 

V. Meyer's method .—A known weight, W, of 
substance'is dropped into a glass vessel of the 
form shown in the figure. The bulb 
of the apparatus is kept at a tempera¬ 
ture higher than the boiling-point of 
tlie substance. The volume, v, of the 
air which escapes through the side 
tube, and whose place in the tube is 
taken by an equal volume of vapour, 
is collected and measured at temp, t 
and pressure p. We have so ob¬ 
tained all the data necessary. This 
method is very rapi<\, and it possesses 
the additional advantage of not re¬ 
quiring a determination of the tempera¬ 
ture of the vapour itself, a process which 
is always attended with great uncer¬ 
tainties. 

CorreotioDS to be applied in 
determinations of relative den¬ 
sities. The relative density being 
the ratio of two absolute densities, 
we have to consider the oircumstances 
which produce a change in the absolute 
densitv, and how we can introduce 
luitable oorreotioni. The absolute density being 
sot by dividing the weight by the volume, it ie 
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belt to consider the oorreotions to be applied | 
to each ol these two quantities separately. 

1. The weight.'^lji order to eliminate errors 
due to the balance we must in all accurate work 
use the method of doable weighing. This gives 
the true weight in air; the true weight in vacwf 
is given approximately by 

W ■* 1—" + 1 where w =true weight in air. 

relative density of air at the moment of 
weighing. This will depend on, and entail 
a knowledge of, the temperature, pressure, 
and hygroscopic condition, of the air. 
r m relative density of substance weighed. The 
approximate value for this obtained by 
using the uncorroctod weight may be used. 
/>aiTeIativ8 density of the weights. 

2. The volume.—ShQ volume changes with 
the temperature and with the pressure. 

a. Influence of temperature .—In nearly 
all oases the volume increases as the tempera* 
ture is raised. Hence the absolute density, 
which varies inversely as the volume, decreases. 
If the volume Vo at temperature 0* changes to 
V, at temperature t, where V( = V{l + to), a 
being the coefficient of cubical expansion, the 

Do 

density changes to 

It is therefore necessary in all accurate density 
determinations to state the exact temperature at 
the time of the experiment, and to record the 
result as relative density at temperature t\ or if 
the determination has to be reduced to normal 
temperature, that is, to the temperature of the 
standard (4® when water, 0° when air), it is neces¬ 
sary to calculate what the absolute density at 
that temperature would be from the above 
formula, knowing the value for a. 

b. Influence of pressure .—The change in 
volume owing to change in atmospheric pressure 
is imperceptible in the case of liquids and solids, 
but it is tery large in the case of gases and 
vapours. Boyle’s law gives us the means of 
calculating what the volume would be at normal 
pressure, that at any other pressure being known. 
The volume being inversely proportional to the 
pressure, the absolute density is directly propor¬ 
tional to the pressure. 

Lord Itayleigh has pointed out {Pr. 4.3, 356) 
that the glass balloon used in Ilegnault’s method 
for determining the relative densities of gases 
when exhausted is sensibly compressed by the 
pressure of the air; hence the tare of the balloon 
is too large because of the lessened buoyancy ol 
the atmosphere, and therefore the weight of the 
gas when the balloon is filled is too small. A 
correction must therefore be experimentally made 
for each balloon used {for* method v. Lord Ray¬ 
leigh I.C., also Cooke and Richards, P. Ant. A. 
24,184).* 

* Datnas' method for determining the relative donsltloe 
of gues It deaoribed In A. Ch, [2] 33, %Z7 ; Gay-Lutsao't in 
Dloft TtnUi de Phvt. 1. 291 ; Hofmann’s In B. 1.198 ; and 
Victor Meyer’a in B. 11, 1868 and 2253. For orlticlsmt on, 
and modifioatlont of. Mftyer’t method **. ff. 12, 90S, and 
1112; 18,401,851,991,1079, 1185. and 2019; 14, 1727; and 
1#, 187.1161. and 2775 (in the latt paper by V. Mever < H. 
W, 2775) will be found an interesting and valuable orltU 
oitm of the various methods for fluding the rel. densities 
of gEMi ); t, also n. 16,1051; 19. Ih6l; al-o C J. Ttxmi. 
lor 1880. 491. Modiflcrttlons of DumnVs metliod are de- 
Siwlbeti by Bonsen, r. iJrthodfn. 2nd cl. 1877^ 

9* 172 j alio by Pstterssou ami Kkstrnnd, B. 13,119t; and 


It remains now to indicate in how far the de¬ 
termination of the density, that is, of one of the 
physical constants, of various kinds of matter u 
of importance in those investigations into the 
constitution and the decompositions of matter 
with which the clieniist is concerned. In these 
investigations it is oftdn found more convenient 

to deal with the reciprocal of the density -g 

to which the name of specific volume has been 
given. 

Let us first consider those cases in which we 
are concerned only with the constitution of sub¬ 
stances in the state of chemical equilibrium, and 
not with chemical change. 

1. The density being a well-defined physical 
constant, a determination of its value tells us in 
many cases whether the substance under exami¬ 
nation is or is not approximately pure. It must, 
however, b* borne in mind that in the case of 
many metallio elements the value of the relative 
density will depend on the previous treatment 
the substance has undergone, such as whether 
it has been hammered or drawn into wire, whether 
it has been tempered, &c. 

2. Many tables have been compiled, in which 
the percentage of acid or of alkali contained in 
an aqueous solution of definite relative density 
is given. By the help of such tables the deter¬ 
mination of the relative density enables us at 
once to estimate quantitatively the acid or alkali 
present in a known volume of the solution. 

3. How the determination of the relative den¬ 
sity of a gas or of a vapour gives us the means 
of calculating its molecular weight will be found 
described in the article Atouio and uoleculau 
WEIGHTS (vol. i. p. 336). 

4. Those elements which exist in allotropic 
modifications, and those compounds which show 
polymorphism, diHer, though often only slightly, 
in density. Thus wo have 

Sul})hur Phosphorus 

Octahedral.... 2 05 * White . . 1*82 

Prismatic .... l*l)8 Red . . 2‘2 

Amorphous insoluble 1*95 

Carbon Arsenious oxide 

Diamond .... 3-55 Amorphous 

Graphite .... ‘2-3 vitreous 3*7386 

Gas carbon. . . • • 1'885 Octahedral 3*696 
Rhombic. 3*85 

Titanic acid Calcium carbonate 

Rutile.1*24 Arragonite 2*94 

Brookite.4*15 Calcite . 2*72 

Anatase.31) 

especially by Pawlewskl. It. 16,1293. Therpe (C. J. Trant, 
for 1880, 147-150) baa described a very complete metnod 
Imved on Hofmann’s process. V. Meyer (A 9,1260, and 10. 
3068) has described a method based on the dlsplaoemoot Of 
mercury. In W. A. 22, 46ft and 493, von Klobiikow de* 
Borlbes two processes for dotennlulng vapour densities with 
great aoouraoyone Is adapted for bodies with low boiling* 
points, the other for bodIA which boll at high tempera¬ 
tures. La Cost* (B. 18, 2122) describes a modlflcatlon of 
V. Meyer's apparatus whereby the vapour densities of 
easily decomposable compounds may be determined at low 
temperatures and under very small preasurM, A modlft- 
cation of V. Meyer’s apparatus, by which a vapour density 
and the exact temperature of observation can be simulta¬ 
neously determined. Is descriht-dby Nllson and Pettei-sson 
Iny! nr. [21 88, 1 { e.alsoSchall, B. 20, 1488. M-ilfatUand 
Schoop (B. P, C. 1, 169) describe an apparatis for deter* 
mining vapour densities untler small pressurtss. 
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Bilica 

Quartz . . . 2*65 
Tridj'mitd . . 2*5 


Uf. Allotropy* vol. i. p. 128). Little has been 
done as yet in tracing the connexions be* 
tween these differences inMensity and the other 
physical and chemical properties of these sub* 
stances, but some interesting facts have been 
brought to light. Thus we know that long-con* 
tinned heating changes the relative density of 
anatase, S'9, and of broohite, 4*15, to 4*24, 
which is the relative density of rutile ; in the 
case of silica, and in that of calcium carbonate, 
the relative density of the heavier variety is 
changed into that of the lighter variety, by the 
action of heat. It has also been noticed that in 
a great many cases the higher relative density 
belongs to that allotropic modification which con¬ 
tains the less potential energy in so fir.r as there 
has been production of beat in the change from 
the less dense to the more dense modification. 
Thus 80 gram units of heat are produced in the 
change of 82 grams of prismatic sulphur (rel. 
dens. 1*98) into octahedral sulphur (rel. dens. 
2*05); the change of white phosphorus (rel. dens. 
1*82) to red phosphorus (rel. dens. 2*2) is accom* 
panied by the production of about 25,000 thermal 
units per 31 grams phosphorus changed. How¬ 
ever, the case of the change of arragonitc (rel. 
dens. 2*94) to calciie (rel. dens. 2*72), which is 
accompanied by the production of 4,000 heat 
units per 100 grams material changed, ns well 
as otlier similar cases, prove that this rule is by 
no means gencral.‘ 

5. It has been observed that on bringing to¬ 
gether quantities a and a' of two substances of 
relative density d and d', the resulting density is 

notgivenbjA-^ii • .v u- 

a a ; that is the resulting vo- 

d'^d, 

lume is not the sum of the volumes of the con¬ 
stituents. The following cases have been inves¬ 


tigated :— 

I. Solution of a salt in wnfer.—Contraction 
generally takes place. From measurements of 
the amount of contraction, and of the spocific 
heat of the solution, and the coellicient of expan¬ 
sion, Deville has calculated the amount of heat 
due to the contraction, and^has tried to show 
that in most cases this is sudicient to account 
for all the thermal phenomena of solution. 

It has been observed further that the amount 
of contraction increases with the quantity of the 
solvent, approaching a maximum. Also the 
amount of contraction for the same amount of 
solvent decreases as the tempeiature at which 
solution is effected is raised. The most interest¬ 
ing researches in connexion with this subject 
are those of Valson,^ who hasendeavoured to show 
that the contraction produced on dissolving a 
salt in water is made up of two parts, one of 
which is a characteristic constant of the basic 
radicle, and the other is a obaracteristio oonr 
slant of the acidic radicle. 

II. Mixture of two liquids ,—A contraction 
always takes place which varies in magnitude 


> 8t. Clftlre Deville, Sur la Contraction et la CAaleur do 
Cbn/fvetiOH (C. M, 60). 

• VhIiioii, hitprutii modtdairet 4ei toluiioiu $uHnft eu 

point dr trUe tic< dtiuUdO (C'. it , VS). 


with the relative quantities of the two liquids 
used. Here again Deville has tried to explain 
the thermal effect produced on mixing the two 
liquids by moans of this contraction. The vo* 
liimo-change on mixing alcohol and water is the 
one which has been most thoroughly studied. 

III. Chemical action between two solutiotis.-^ 
The cases studied deal mainly with neutralisa* 
tion-phenomona. It has been established that 
the volume-change is expansion if the bases are 
KOH and NaOH, and contraction if the base is 
KH ,.OH. Here also the volume-change decreases 
as the temperature is raised. Ostwald, who in¬ 
vestigated the densitj ehanges attendant on the 
neutralisation of dilute aqdeous solutions, has 
arrived at a law the same as that found by Val- 
son for solution. He found the volume-change 
due to chemical change to be the sum of two 
constants which belong individually to each of 
the components, and which do not depend on 
the substance with which each component com¬ 
bines. 

6. A knowledge of the relative density of an 
element or of a compound is necessary for the 
determination of the constants; 

a(o«.io wluu^ = ( ■‘tamcwoigtU, 

\relative density/ 

ana molecular volume^ 

\ relative density / 

A description of how the atomic volume,regarded 
as a periodic function of the atomic weight, assists 
in classifying the elements will be found in the 
articles Classification, chemical, and Periodic 
LAW. The generalisations arrived at with regard 
to molecular volumes of solids, and especially of 
liquids, i^ill be dealt with in the article, Specific 
, VOLUMES, in vol. iv. 

7. Another physical constant which entails a 
knowledge of the relative density of a body, and 
wliich has led to some valuable gonoralisations 
as to the interdependence of chemical constitu¬ 
tion and physical properties, is the refraction 

equivalent. This constant is defined as 

where fi is the refractive index, M the molecular 
weight, and d the relative density, of the sub¬ 
stance under examination. On this subject o. 

PliTSICAL METHODS USED IN CHEMISmi. 

Tho cases in which a knowledge of the rela¬ 
tive density has been employed in the solution 
of problems belonging to chemical kinetics are 
i but few. 

i 1. The change in the relative density of va¬ 
pours and gases (calculated to normal tempera¬ 
ture and pressure) under different temperatures 
and pressures has been utilised to trace the rate 
of decomposition relatively to the change of tem¬ 
perature or pressure (v. Dissociation). 

2. From a knowledge of the volume-change 
produced on neutralising a base A by an acid B, 
and on neutralising A by another acid C, as well 
as from knowing specific volume of a solu¬ 
tion containing A, B, and 0, in equivalent quan¬ 
tities, Ostwald daubed tho chemical composi¬ 
tion of this solution, that is, he determined the 
ratio between the quantities present of AB and 
AG. The knowledge of this ratio enabled him 
to calculate the coefficients of relative affinity 
of the acids B and 0 (v. Affinitt, vol. 1. p. 75), 
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8 . In bis rosearcbcs on the voloolty of chemi* 
oal change as dependenton the varying conditions 
of the experiment, van *t Hoff> investigated the 
velocity of the change of rhombio sulphur into 
monosymmetrio by observing the increase in, 
volume at fixed intervals of time. The increase 
in volume being due to the change of rhombo- 
hedral sulphur of relative density 2*05 into 
oblique sulphur of relative density 1*98. I. F. 

DEOXIDATION. This term was originally 
used to denote any process wherein oxygen was 
removed, wholly or in part, from a compound. 
Thus the formation of KCIO, by heating KCIO^, 


several classes of compounds to produce lesiit 
oxidised bodies is called a deoxidising agent ot 
redwing agent ; while any element or compound 
whioh generally reacts to form bodies more 
oxidised than the original substances is called 
an oxidising agent or oeeidiser. Probably every 
element and compound takes part in some 
chemical changes in whioh it acts either as an 
oxidiser or a deoxidisor; but these terms are 
generally confined to such elements and com* 
pounds as frequently react in the way indicated 
by the names. The following equations exhibit 
some common cases of deoxidation 


Original elcmout or 






compound* 


Deozidiser 

Deoxidised prodnot 


Oxidised proiluct 

0, 

+ 

2Ho 

2H.0 

+ 

(2H,0) 

(in this case the 

water may be regarded as produced either by the oxidation ol 


hydrogen or by the reduction of oxygen) 


Cl, 

+ 

H, 

2aoi 

+ 

(2HC1) 

0] 

-I- 

Hg 

0, 

+ 

HgO 


(in this case the o?:one is reduced to oxygen) 

2CI, 

+ 

2HgO 

Hg.OCl, 

■h 

CI,0 

Cl, 

+ 

K,FeCy, 

'KOI 

+ 

K.FeCy, 

2HNO, 

+ 

Sn 

N-A 

■f 

Sn0,.4ir,0 

2KC10, 

•1* 

30 

2KCI 

+ 

3co; 

Fo,0, 

+ 

31L 

2Fe 


a3H,0 

CuO 


CO 

Cu 

+ 

CO, 

BeCl, 

+ 

Na 

Bo 

-I- 

2NaCl 

Fo,(SO.),Aq 

+• 

SO, 

2FeR0,Aq 

+ 

2S0,Aq 

2FoCl3Aq 


Zn 

2FcCl ,Aq 

+ 

ZnCl,Aq 

H.OjAq 

+ 

HNO.Aq 

li.o 

+ 

llNO,Aq 

2HgCl.jAq 

+ 

SnClAq 

21IgCl 

+ 

SriCl^Aq 

HgCI,Aq 

+ 

SnClAq “ 

Ilg 

+ 

SnCl|Aq 

2AgN0,Aq + H,0 


C.H,0 

2Ag 

+ 

C,HA + 2nN0,Aq 

KjMn 0.(Aq 

+ 

3H.CAAq = = 

K,0Aq + 2Mn0„ 

+ 

3H,0 + CC0. 

FcCl,Aq 

+ 

KlAq 

FeCl,Aq + i 


KCiAq 


as well as that of KOI by heating KC10„ are 
alike deoxidations; similarly the production of 
Cr^O, from CrO, by the action of alcohol, and 
the formation of Or by heating Ct^O^ with 
carbon, aro deoxidations. But as the term 
oxidation {q. v.) has been widened to include 
those chemical reactions wherein the negative 
or acidic radicle of a compound is increased 
rel tively to the rest of the body, and also those 
wherein an element combines with a more nega¬ 
tive element, or with a radicle more negative than 
itself, so has the term deoxidation, been extended 
until it is now generally applied to all processes 
wliich result in the withdrawal of the whole or 
a part of the negative radicle of a compound. 

The terms deoxidation and reduction are 
practically synonymous; the latter is more com¬ 
monly used than the former. 

As thus employed the terms deoxidation and 
oxidation are correlative; tlfe deoxidation of one 
body is accompanied by the oxidation of another. 
Thus, to take a very simple case, when hydrogen 
is burnt in oxygen with production of water, the 
hydrogen is oxidised and the oxygen may be said 
to be deozidi^d. If the t'eaotion is represented 
in molecular formula the processes of oxidation 
and deoxidation are made apparent; 2HH-»-00 
■ 2H..O. Similarly, when hy^ogen and chlorine 
combine, HH + 01C1»2H01, the hydrogen is 
oxidised while the chlorine is deoxidised or 
reduced. 

Any element or compound whioh reacts with 


Among the substances commonly used in the 
laboratory to accomplish deoxidations, hydrogen, 
carbon, carbon monoxide, sulphur dioxide, ni¬ 
trous acid or a nitrite, stannous chloride, and 
aldehyde are prominent. The conditions under 
which deoxidations occur vary much: thus, 
IJgCljAq is almost instantly reduced by SnCl, at 
the ordinary temperature; to reduce Pe.^(SO*),Aq 
completely to FeSO^ by SO, the gas must be 
passed into the liquid for a long time, even when 
the liquid kept hot; K,Mnp„Aq is reduced by 
rapidly if the liquid is warm and con¬ 
tains sulUcieiit to dissolve the MnO, pro¬ 

duced; to elTect the complete reduction of 
FeClaAq by KI the iquid must be slightly acid, 
and the reaction should proceed for some time 
at a fairly high temperature and under increased 
pressure; Fe^O, is deoxidised by H when a 
stream of the gas is passed over the heated 
oxide; to reduce BeOl, by Na the chloride must 
be kept molten (o/. articles Combustion, Oxida¬ 
tion, IIkduotion). M. M. P. si. 

DEOXT- V . Desoxt-. 

DEOXYfiENZOlN v. Phbnyl bbnzyi. xxtons. 

D£OXY-B£NZOliN-AC£TIC ACID o.Pbbnyx.* 

BEMZOVL-PBOPIONIC ACID. 

*D£0XY-B£NZ0lN GABBOXYLIC ACID 

Phenyl benzyl ketone oabboiylio acid. 

Anhydride v. Benzylibsne-bhtiulidi. 

BESHOTBOPT. A term given to the break¬ 
ing up ot the ‘double bonds' in the benzene 
ring. Thus pblorogluoin forms a penta-ethyl 
derivativa in vhish the five ethyl gtoapi art 
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iireoUy nmted to ring oarbon atoms. The oon- 
•titotion ol this body, aooording to Herzig a. 

CEt:C{OH).CEt, 
Zeisel {M. 9, 217), must be | | . 

CO. CEi.. CO 

SXSOXALIO ACID C.H,0, U, 

C0,RCH(0H).0{0H)(Co,H},. Carhoxy-racemic 
acid. Its ether is formed, together with a syrupy 
isomeride (Brunner, B. 12, &42) and other pro* 
ducts, by tne action ol 3 p.o. sodium-amalgam 
on cold oxalic ether. After saponification by 
KOH the free acid is obtained by exactly neu¬ 
tralising the Ba salt by H^SO, and evaporating 
at 46® [LSwig, J. pr. 79, 455 ; 83, 139 ; 84,1; 
Klein, J.pr. [2] 20,146). 

Properties. —Hygroscopic crystalline mass 
(^taining aq). V. e. sol. water and alcohol. 
Dtoompos^ by heat. Its solution evolves CO.^ 
on evaporating above 50®, leaving raccinic acid. 

SBU8.--Na,A"'—K,HA'". S.,^-2 at IG®: 
erystalline crusts.—K,A'":gummy.—Ba,A'"22a(j. 
—Ca,A% 8aq.—PbrA'^jO,.—Ag,4'". 

Ethyl ether EtjA'": [85®]. S. 10 at IG®. 
Triclinic crystals, o:6:cs= *422:1: *757; o=84® 27', 
^-90® 82',7*90° 6'. 

Acetyl derivatives CjIIjAcOa and 
OtH,Ao,0| are non-hygroscopic oils, not deconi- 
posed at 120®. 

Benzoyl derivatives CjH^BzOh and 

O^H^Bz^Oa are oils, not decomposed at 110®. 

Amide. Amorphous (Brunner). 

D£S0XY*AHAIIC ACID v. Amalic acid. 

DES0K7-BEKZ0IK v. Puenyl bknzyl kb- 
tONE. 

DE80XT-CHOLI0 ACID v. Cholic acid. 

DESOXT-CODElNE v. Codeine. 

DESOXT-CDHIKOlN v. Cuminoin. 

DS17TEE0.ALBDH0SE v. Proteids. 

DEXTEAEE C.H^aOa (at 130®). [a]o = 223®. 
A gummy substance occurring in unripe beet¬ 
root (Scheibler, J. T. C. 1875, 790). Formed 
also in the lactic fermentation of sugar (Ticg- 
hem, Jahres. d, Agriculturchemie, 1879, 544). 
Amorphous; v. sou water, forming a sticky li- 

2 aid. Insipid taste. Its cone, aqueous solution 
) ppd. by lead subacetate, and gives with Feh- 
ling's solution a light-blue sticky pp., no reduc¬ 
tion taking place. Boiling dilute H^SOa con¬ 
verts it into glucose. HNO, gives oxalic acid 
only. Iodine gives no colouration. 

Animal dextrane CaHiaOv [a]^ =: 157®. Se- 
areted by Schizoneura lanuginosa, a louse that 
forms g^s on elm trees. Amorphous. SI. sol. 
cold, more sol. boiling, water, insol. alcohol and 
ether. Fehling’s solution gives a gelatinous 
coagulum, without reduction. Iodine gives no 
ttilour. Boiling dilute H^O, gives a substance 
that reduces Fehling’s solution (L. Liebermann, 
Pf. 40 , 464 ). 

DEXTRIK nCijHMOio. Although this term 
has been in use for a long time, and a correct 
percentage composition stated for the body it 
npresents, it is only rqpently that its characters 
have been more accurately defined, and a place 
given to it among chemical compounds. Most 
of ^ substances to which the term has hitherto 
been given have many properties in common 
with datrin, but it is evident that many of these 
hold no relation to it, and many more of them 
are impure conditions of it. 

(k^rrince»-^{a) Dextrin is said to be present 


in the sap of plants and in most seeds. The 
evidence of this is, however, altogether unsatis¬ 
factory, other bodies possessing some of its pro¬ 
perties being in most cases mistaken for it.— 
(5) It is a constituent of the juice of horse-flesh 
•(Limprioht, J. 1865, 673), and it is probable, 
though not proved, that the body therein found 
is true dextrin.—(c) Keichardt {Ar. Ph. [S] 6, 
502) states that the urine of diabetic patients, 
under certain conditions, contains dextrin; but 
from his description it is impossible to say 
whether the body he had under observation was 
dextrin or not.—(<i) Dried starch, heated to 
210° and maintained at that temperature for 
some time, yields a product known as British 
gum or commercial dextrih.—(c) By moistening 
' the starch with dilute nitric acid, and drying 
before heating, this conversion is expedited.— 
j (/) Digestion with dilute acids, inorganic and 
I organic, converts starcli into dextrin und other 
' bodies. The commercial products from these 
j sources contain dextrin or dextrins, but there 
' are no analyses of them to show what dextrins 
they contain. For the action of heat and acids 
on starch see Biot and Persoz, ^4. Gh. [2] 62,72; 
Paycn, ihul 55, 225; Cl, 372; 65, 225, 334; 
Gu6rin-Vavr.ay, ibid: CO, GH; Jacquelnin, ibid. 

. [3J 8, 225 ; BOchamp, C. Ji. 51, 256; Anthon, 
D.P. J. 218, IH2; 210, 457; O’Sullivan^ C. J. 

I 25, 581.— {(i) Wiicn starch paste is submitted 
: to the action of the unorganised ferment found 
I in germinated grain, and known as diastase, 
dextrins, among other substances, are produced, 
t It is one of the bodies derived from this source 
j upon which we shall look as a chemical entity, 
j and describe ns dextrin ; and it is only in as far as 
the bodies hitherto called dextrin, and obtained 
I from the various sources above mentioned, agree 
: in properties with those we shall find this to 
possess tliat wo can consider them dextrin.— {h) 
Dextrin is found in beer, and is probably present 
in bread, btingtheproduct of theaction of diastase 
on starch.— (i) Cellulose is converted into dextrin 
I iiy the action of sulphuric acid (Branomot, A. Ch. 

: 12,172), but the identity of the body thus pro- 
; duced is not established.—(;) Dextrose is said 
' to be converted into dextrin (Musculus, Bl. [2] 
18, 66) by submitting the sulpho-glucosio acid 
to the action of spirit containing 95 p.c. alcohol, 
j This, from its optical activity, is not pure dextrin, 
i Preparafion .—100 grams of carefully purified 

potato starch (any other starch would answer, 

, but this is most easily manipulated) are stirred 
I up with 200 c.c. of water at 55 ^-60°, and as soon 
; as the granules are thoroughly dispersed through 
i the liquid 400 to 500 c.c. of boiling water are 
added with continual stirring. In this way an 
almost transparent (End perfectly homogeneons 
paste is obtained. This is cooled to 62®, and a 
solution containing, in 50 c.c., 1 to 1*5 grams 
i diastase,' or its equivalent in cold malt-extract 
! added to it, and the mixture maintained at 
C0®-G3® until the filtrate from a portion cooled 
no longer gives a colouration witli iodine, and it is 

' It Is iroiio’^albls to state an exact quantity of the pn- 
paration of diastase «t of cold malt-extract, because the 
uotirity of the extract from a definite quantity of malt^ 
end of the preparation of dlMtase, varies very consider¬ 
ably. A few expcrltn^ata will, however, be sufficient to 
j dcterniinc the quauticy of eltlier uecessary to tmn-fnrm 
I sUirch piMte into produuU Uavliig an optical aoUvUi 
! Wj*U7®- 
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found that the optical aotivitj ot the solid matter 
in solution (o. S&coHARxmsTBy) is [a]}»176*6° 
(O’SuUivan, J. 0. [2] 17, 125), 106*7° (Brown a. 
Morris, ibid. 47, 527). If the diastase is fairly 
active, and the proportion above given employed,, 
this point is reached in hve minutes' digestion or 
loss; but inasmuch as, if the diastase is not 
very active, no further conversion to any extent 
takes place in a moderate time, the digestion 
may be continued for 15 or $0 minutes without 
any injurious elSeot. The solution is then cooled 
and filtered, to remove a slight turbidity due to 
a little flocculent matter from the diastase and 
impurity from the starch or undissolved, because 
ungelatinised, starch. •The filtrate is then quickly 
boiled and evaporated, best under diminished 
pressure in a vacuum vessel, to about 200 c.o., 
and alcohol (S.G. *83) added until a precipitate 
begins to form; a little more alcohol is added, 
and the mixture allowed to stand until the syrupy 
layer collects at the bottom. The clear super¬ 
natant liquid is decanted off, and the syrup 
washed with alcohol. This is dextrin more or 
less contaminated with maltose and a constituent 
of the diastase; the former can be completely, 
but with diliiculty, separated by repeatedly die. 
solving in water, and carefully precipitating with 
alcohol in the least possible excess, until a 
portion of the precipitate, dissolved in water, 
no longer gives a reaction when boiled for three 
or four minutes with Fehltng's solution. The 
diastase bodies are separated also with dilHculty: 
the precipitate, freed from maltose, is dissolved 
in a little water and alcohol gradually added, 
until 5 to 10 p.c. of the whole is precipitated, 
pure dextrin remains in the supernatant liquid, 
and is precipitated from it by strong alcohol. To 
obtain it in the dry state the precipitate is 
treated with absolute alcohol, which extracts 
water from it, and renders it capable of being 
rubbed down to a white hygroscopic powder. 
Tho dextrinthus dried retains alcohol with much 
pertinacity, and if it bo required to obtain a pro- 
j)arRtu)n absolutely free from that body, the 
)>owdor must bo dissolved in a little water, and 
boiled in a vacuum vessel until all alcohol is 
eliminated, and the solution reduced to a thick 
syrup. It is then transferred, in small quanti* 
ties at a time, to an evaporating dish, and, while 
hot, placed under the bell glass of an air-pump 
over sulphuric acid and the air pumped out. If 
the syrup was sufficiently thick it swells up and 
blows out from loss of water. When this cools 
it becomes a porous, brittle, glassy mass, which 
can be rubbed down to a white powder if allowed 
to stand over sulphuric acid for a day or two, or 
in a few hours if tho temperature of the dish be 
maintained by a steam coil in the air-pump re¬ 
ceiver. BrovMi and Morris, acting ol! a suggestion 
of Wiley (0. N. 46,175), propose to remove the 
last traces of maltose by treating a solution of 
tho impure dextrin with a slight excess of a 
solution containing equal weights of mercurio 
cyanide and caustic soda until no further re¬ 
duction takes place. This product would have 
to bo purified from the materials employe^ 
from the decomposition products, &<i. This 
could probably be accomplished by neutralising 
with hydrochloric acid, evaporating to a syrup 
in a vacuum vessel, and submitting to dialysis, 
precipitating the dextrin in the concentrated 


solution with alcohol, and further purifying by 
partial precipitation with some reagent until the 
optical activity of the chief product becomes 
oonstant. 

Prop^ftes.—Dextrinis uncrystallisable; dried 
as described above, il^ is a glassy, colourless 
body, capable of being rubbed down to a white 
powder. It is without marked taste, and is 
colourless. Its solutions are neutral. It is easily 
soluble in water, and solutions containing as 
much as 80 p.c. of the body, although syrupy, 
are tbin-fiuid. It is slightly soluble in dilute 
spirit, but insoluble in spirit containing 60 p.o. 
alcohol. It is not coloured by iodine. Exposed 
to moist air, and then allowed to stand over 
sulphuric acid, its weight becomes constant, 
when it contains from 9*5 to 10 p.c. water. This 
is almost completely lost in a vacuum over sul¬ 
phuric acid, and completely in a current of dry 
air at 100°.* The quantity of water corresponds 
to the formula n(G,jH 2 eO,o 20 H,), and the amount 
of carbon and hydrogen yielded by the dry body 
agree well with the formula It is not 

precipitated by lime or baryta water, W it forms 
compounds with those earths which are insoluble 
in alcohol. It is precipitated by ammoniacal 
lead acetate, but not by the neutral or basic salt 
alone. Dilute sulphuric acid converts dextrin 
into maltose, and thence into dextrose, according 
to the equations C, 2 H^O,o + OHj«C„H„0„ and 
GijH^O,, -f OH.j = 2C^Il,.p,. The phases of this 
reaction have as yet not been fully worked out. 
Diastase converts it slowly into maltose. Nitric 
acid converts dextrin into saccharic and oxalic 
acids. With a mixture of nitric and sulphuric 
acids it yields a nitrate, G«Hg(NOj),Oi, dinitrate 
according to B5champ. By dissolving dextrin 
in aoetio anhydride, and beating to 160°, tri¬ 
acetyl dextrin is produced (Sohiitzenberger a. 
Naudin, C. B. 68,814), but these substitution pro¬ 
ducts require further investigation. A solution of 
10 grams dry dextrin in 100 c.c.—a vessel holding 
exactly 100 grams water at 16»6—has a S.G. 1*0896, 
and its apparent optical activity is [a3js322, 
* [a]u *» 200*4. These are good working factors; 
but a careful and accurate determination of 
them is yet required. Under the influence 
of ordinary sacoharomyces it is not converted 
into alcohol (fermented) in a moderate time; in 
presence of active ^astase and this organism it 
ferments easily. Besides the dextrin here de¬ 
scribed, there are other dextrins to be found 
amongst the products of the action of diasta^ 
and of acids upon starch (v. Starch), but experi¬ 
menters with these bodies are not yet agreed as 
to their number or properties. Most of the pro¬ 
perties just described are common to all tiic 
dextrins; but the distinguishing character of 
the dextrin of which we write is the action of 
diastase upon it. When a solution containing 
dextrin and diastase, in the proportion of 1 of 
the latter to 100 of the former, is digested at 
60°-63° no more maltose is formed in the first 
fijfe minutes than in the second five, in propor¬ 
tion to the amount of dextrin in solution, the 
conversion being a very slow and gradual process. 

It may be fairly said that the opinions of 
Bondoneau (G. B. 81, 972, 1210) and those of 
Musoulus and Gruber (Bl. 80, 54) have been 
shown to be untenable. The former describes 
thm dextrins with different optical aotivitiei 
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and {wwers of redaoing copper oxide; the latter j 
jnentione thret not coloured by iodine, ot different' 
optical activity, two having the samo reducing 
power, and the third a higher power. O’Sullivan 
jO. 85,770) isolated and described three, and 
indicated the existence pf a fourth dextrin, all 
possessing the same optical activity as that 
given above, and being witiiout reducing action 
on alkaline copper solution. Brown and Heron 
(C. /. 85,596)and Brown and Morris {ib. 47,527) 
maintain the evidence of eight dextrins without 
isolating any of them, but confirm O’SuUivan’e 
observations that all the dextrins have the same 
optical activity » 222, and that they are with¬ 
out action on alkaline copper solution. The 
^•dextrin-iii of O'Sullivan, and the final dextrin : 
of Brown and Morris, agree in properties; it is , 
the dextrin described. All the dextrins are white,, 
glassy, friable bodies, v. sol. water, and insol. | 
strong alcohol. O'Sullivan chart.'etcrises the | 
dextrins as follows :~a~dcxtrm, coloured by | 
iodine reddish-brown, unacted upon, or but 
slightly, by diastase at 69° 70°; at C6°-(>7°, 
17'4p.o., on transformed products, of maltose is 
produced in four to ten minutes, there being no 
increase in the next two hours if the diastase is 
not in excess and the temperature maintained; 
St 66°-66°, 34'6 p.c. maltose is formed; at r»3°“04°, 
61*2 p.c.; and below 62°, 67*8 p.c. This would 
indicate the molecule of this dextrin to be at 
least ^‘dextrin, not coloured by 

iodine. 8*aextrin-i is not acted upon, or but 
slightly, by diastase at 66°; at 63°-64° it yields ' 
in five or ten minutes 34*6 p.c. maltose; at 
64°>62° the same quantity is observed, and at 
58°-59° there is no increase in the yield ; this 
would indicate the formula for 6'dex- 

trin-i, if the formula of |8-dextrin-iii be taken as 
According to Brown and Morris (f.e.) 
there areeightdextrins,beginmngwithC,(,JI,g„OM, 
each differing from the one below it by the group 
OiyH^Oji, butthey do not appear to have prepared 
any one of the bo^es in a pure state. They deter¬ 
mine the position in tlio series of an unknown 
one of them by the amount of maltose that It is 
capable of yielding when acted upon by diastase 
at 60° (C. J. 47,548). All the high dextrins are 
acted upon in a fermenting solution, and yield 
maltose, and thence alcohol, the lowest dextrin 
being left. Although the researches referred to 
herein have thrown much' light on the nature 
and character of the dextrin bodies, much still 
remains to be done before we can consider our 
knowledge complete. 

Sl$tiimation.—lii substances from which dex¬ 
trin has not hitherto been isolated, and in which 
its presence is suspected from the optical acti¬ 
vity of their solution, or the nature of their 
source, before any attempt at estimation is 
made, it would be necessary to prove its presence 
by elii^nating the bodies with which it may be 
aooompanied by processes indicated above, and 
comparing the properties of the body isolated 
with those herein given for dextrin. The esti¬ 
mation may then be effected after the manner 
indicated below, attention being given to the 
nature of the bodies with which it may be 
accompanied. In products in which the presence 
of dextrin is well established, viz. the various 
commercial sugars obtained by the action of 
widf on starch, malt-extract, beer, and sooli 


products, dextrin is estimated as followsI 
the commercial starch sugars a known weight c 
the sugar (15 g. or thereabouts is a suitab) 
quantity) is dissolved in a small quantity c 
boiling water, the solution cooled and then mad 
up to 100 0 . 0 . This is submitted to fermentatioi 
with 0*5 g. yeast, and the fermentation pushei 
as far as possible. The alcohol is eliminate* 
by distillation, the residue filtered and made u] 
to 100 cc. with the washings; of this an optica 
activity is taken and E determined {v. Sac 
chaiumetry) ; if the latter indicates more that 
15 p.c. calculated on the solid matter unfer 
inented, the solution must again be submittec 
to fermentation, and the amount of reducing 
sugar further diminished; if loss, the reducing 
body may be taken as maltose, and the calcula¬ 
tion made accordingly. 

Example ,—15 g. glucose syrup dissolved to 
100 C.C., submitted to fermentation with 0*5 g. 
yeast, yielded 100 c.o. of residue of S.G. 1*0012 
= about 3*038 g. solid matter per 100 c.o. 18*57 g. 
of this solution yielded 0*087 g. CuO; this corre¬ 
sponds to *087*7256 * = *0631 g. maltose, and 
to a total amount of maltose in the 100 c.c. of 
10W|x ^0031 ^ .Qg, ^ ,^J35 


»*03y4g. dextrose, giving a total amount of 

dextrose in the 100 c.c. of “ *2121 g. 

18*57 

This is less than 15 p.c. on the solid matter in 
solution, hence the reduction found above is 
taken as maltose. The optical activity of the 
solution was 26*5 divisions of a Soleil-Ventzko- 
Scheibler saccharimeter; this corresponds to 

26 34xg02dextiin, and as the solid 
11*56 

matter was found to be 82*0 p.c. of the syrup the 
dextrin is 17*4 p.o. of the solid matter. In 
beer the estimation is made in the same way, 
only, as a rule, in a beer of any age the 
cupric oxide reduced may bo calculated as mal¬ 
tose without further consideration, a correction 
of *0008 g. being subtracted from the weight of 
CuO for every gram of beer taken for the reduc¬ 
tion. In malt-extract the estimation is effected 
in the same manner as described for sugar syrup 
above, the procedure after fermentation being 
the same as followed in the case of beer. Should 
active diastase be present in the malt-extraot, 
as is usually the case in the best preparations, 
the solution should be boiled before formeotation. 
According to Wiley (0. N. 46,175) dextrin can be 
estimated in the starch products by eliminating 
the reducing bodies by alkaline solution ot mer¬ 
cury dicyanide. He proceeds as followsThe 
mercury solution is^made by dissolving 120 g. 
HgCy, and }20g. NaOH in water, and making 
up to 1 litre. 1 g. of the sugar to be examined 
is dissolved in 10 c.o.; this is boiled for two or 
three minutes with an excess of the mercury 
solution, of which 25 o.o. will as a rule be found 
BufiioieDt. The solution is cooled, neutralised 
with HCl, and the bulk made up to SO o.o. An 
observation of the«optical activity of this solu¬ 
tion gives the dextrin. For example, the 
optical activity of a solution, prepared as 
described, and observed in a 200 mm. iube» 
was found to be 2*8 divisions of a 8.7.8* 


‘ OuOxO'7SM«2aaltoM oorrenpondlag to CuO. 
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iftOcliBrimeter—2'3 11'66 - 20 g. dextrin in 
100 O.O., ».«. •! g- in 60 c.o. 1 g. sugar yields 
•1 g. dextrin or 10p.o. (Further on this subjeot 
0. SiOOBABiuETBr.) H Bny of the higher dextrine 
■honld be present the quantity could be approxi-, 
mately estimated by the action of malt-extraot 
at the various temperatures indicated above, 
and the position and approximate quantity of 
the dextrin inferred from the amount of maltose 
formed in five to ten minutes. 0. O’S. 

SEXTRO-. Compounds beginning with this 
prefix, indicating a right-handed rotate^ effect 
on light, are described under the remaining part 
of the name; e.g. dextro-tartario acid under 
Tajitamo aoid. • 

DEXTEONIC ACID v. Gluconic acid. 

DEXTROSE V . Sdoabb. 

DI-. When this prefix is used in a numerical 
sense it is entirely left out of account in deter¬ 
mining the alphabetical position assigned to a 
compound in this dictionary. 

DIALDBIO ACID C,H,N,;0, i.e. | 

w. 144. 

Formation.—1. By passing H.,S through a 
boiling aqueous solution of ailoxan (Liebig a. 
Wbliler, A. 26, 276).—2. By treating alloxan 
with zino and HCh—3. By dissolving uric acid 
in dilute HNO, and adding ammonium sulphide. 
4. By treating an aqueous solution of alloxan 
with ammonium or potassium cyanide (Streoker, 

A. 113, 411).—6. By treating alloxantin with 
sodium amalgam (Baeyer, A. 127, 12).—6. By 
treating di-bromo-barbiturio aoid with HjS 
(Baeyer, .4. 130,133). 

Properties, —Needles, si. sol. water, acid to 
litmus. Oxidised by moist air to alloxantin. 
Combines with alloxan fonning alloxantin. 
Heated with glycerin at 100“ it forms hydurilio 
aoid. 

Balts.—NH,A': silky needles; converted 
at 100“ into blood red murexide.—KA' (c/. Men- 
Bohutkin, A. 182, 70). Urea dialurate 
C0NjH,C,H,N,0,: stellate crystals (Mulder, B. 


6 , 1010 ). 


NII-C(OH) 


Iso - dialuric aoid CO^ ^COH. 

Nil-CO 

Iso-tartronyl urea. Formed by the action of 
bromine water on isobarbituric acid, amido- 
uracil, or hydroxanthine (Behrend a. lloosen, 

B. 21,1000). Prisms (containing 2aq). V. sol. 
water. Stable towards oxidising agents. Is 
converted by warming with urea and cone. 
ttjSO, into what is believe^ to be uric acid. 

DIALYSIS. The separation of certain sub¬ 
stances by liquid diffusion; V- UlrrusioN and 
PnrsiOAL METHODS, vol. iv. p. 172. 

diamond V. Cabbon, vol. i. pp. 686, 686, 
887. 

DIASTASE 0 44-33, H 6 03, N 8-92, S 1-07, 
0 82-91, ash 4-79. The substance that enables 
malt to convert starch into dextrin and sugar. 
Green barley malt is digestea with dilute alcohol 
(20 p.c.) for 24 hours; the extract is ppd. with 

Tols. absolute alcohol, and the pp. washed 
with alcohol and ether (O'Sullivan, C. •/. 46, 2; 
Lintncr, p\ [2] 84, 880; 80,481). 

^uriJicathtu—CajixiQi be purified by ppg. 


with basic lead acetate (L.); purified by repeated 
solution in water and ppn. with alcohol; the 
ash can be reduced by dialysis to less than 6 p.o. 
consisting of calcium phosphate. 

Properties.—Amorphous; has not been ob* 
tained pure. Its action on starch is prevented 
by strong acids or alkalis, by salts of Cu, Hg, and 
Ag, by alum, and by Fe^Cl,, but not by phenol. 
Hydroxylamine, formic aldehyde, and nitrous 
acid at 40® render diastase inactive (Loew./.pr. 
[2] 37, 101). Presence of CO, accelerates the 
power of diastase to convert starch into sugar 
(Baswitz, B. 11, 1443). Above 63® the ferment¬ 
ing power is weakened. 

Reactions.—1. Does not reduoe Fehling’s 
solution even after boiling with HCl.— 2. Does 
not give a violet colour with CuSO, and KOH.— 
3. Ppd. by boiling.—4. HCl gives a pp., sol. 
NaOil. - 6. HOAo a pp. sol. excess.—6. HgCl, a 
pp.—7. Baslfo lead acetate a pp.—8. HOAc and 
K,FeCy„ a pp. -9. Millon’s reagent gives albu* 
men reaction.—10. Warmed with fuming HCl a 
vioietcolour.—11. Guaiacum tincture mixed with 
a little HjOj gives a blue colour. 

References. —Payen a. Persoz, A. Ch. [2] 63, 
73; 66, 237; 60, 441; 61, 861; Gu6rm-Varry, 
A. Ch. 67,108; GO, 22; 61,22 ; Bouchardat, A. 
Ch. [3] 14, 61; Fankhauscr, Bied. Centr. 1888, 
205; Defresne, C. R. 89, 1070; Brasse, C. R. 
100, 454; H. Muller, Ann. Agronom. 12, 481; 
Bourquelot, C. R. 104, 676; Kjeldahl, 0. J- 38, 
502 ; Zulkowski a. Benner, C. J. 38, 561; B. C. 
1879, 929; Schartler, C. C. 1887, 634 ; Huppe, 
C. J' 44, 101; Schneider, C. J. 46,1366; Herz- 
field, B. C. 10, 203; Stutzer a. Isbert, H. 12,72). 

V. also Fermentation, Dextrin, Starch, and 
Sugars. 

Diastase of K6ji. Kdji is used in Japan to 
mako beer. It is formed by steaming rice-grains 
and leaving them till a fungus grows on them. 
An aqueous infusion of this K6ji acts somewhat 
like malt-extract, for it inverts cane-sugar and 
hydrates maltose and dextrin, and it liquefies 
starch paste, forming first maltose and dextrin, 
then glucose and dextrin (R. W. Atkinson, Pr. 
31, 623 ; 32, 299). Tlio diastase-like ferment is 
obtained from the albuminous matters in the 
rice through cliangos produced by the growth 
of the fungus. 

DIATEBEBIC ACID v. Teredio acid. 

DIATEBEBILElflC ACID v. Terebilenio 


acid. 

DIATEBPENYLIC ACID v. Terpknilic Aon>. 

DICHROlNS. A name given by Brunner and 
Chuit {D. 21, 249) to the fluorescent colouring 
matters obtained in Liebermatm’s reaction by 
treatment of phenols with cone. HjSO, and 
nitrous acid. They are obtained by the action 
of H.;SO^ saturated with nitrous acid on para- 
nitrosophenols; but only those polyhydrio 
phenols having the hydroxyl-groups m the meta¬ 
positions to one another yield dichrolns. The 
dichroinsare divided infb (a)-dichrolns containing 
the complex 0„.N:(O.OJ„ and (fl).dichroIn8 with 

the group C*.N<Q>Oe. The colouring matters 


C,,H,.NO from phenol, C,BH,,NO,andO,«H^,0,* 
from resorcin, and Cj,H„NO« from orcin belong 
to the («)-group, whilst the (iB)-groap moindea 
0. H,iNO, from orcin, azoresorcin, azoresorufln, 
an^ azoresorufin ether; the lost three are 





Kpeotively (Sj^moroin-, di*ji9)-resoroin-» and 
tetrs*(3)-re80roin-diohrolQ Brunner and 
P. Ghdt, B. 21,2479). 

Clttpint.—Ohroina are colouring matters re¬ 
sulting from the action of H,S 04 containing ni¬ 
trous aeid on nitroao-pbei^ls, which are analogous 

the quinoneoximes, and thev appear to 
tain the ( 0 ,)^- 0 -N:( 0 ,)j. 

O^chro'iiLS.—Oxyohroins are bodies bearing 
a similar relation to nitro-phenols as dichroins 
do to nitroso-phenols. They are obtained in 
most reactions along with the dichroins during 
the preparation of the latter. They are richer 
in ox ygen than dichroins and do not fluoresce. 

OICHBOlflII. The property exhibited by 
many doubly refracting crystals of showing dif¬ 
ferent ooloai ‘8 when examined in different direc¬ 
tions. 

DICHBOMATES. Salts of the hypothetical 
acid U-firfij o. Chbomiuu, acids op,'^. 154,157. 

DICONIC ACID [200«J. Formed 

by heating citric acid with cono. HClAq at 200^^ 
jHergt, J.pr. [2] 8 , 372); aconitio acid seems to 
De an intermediate body. Small crystals, y. sol. 
water, alcohol, and ether. Beddens litmus. 

Salts.— deliquescent. — (NH,)A": 

P5°]; deliquesoentcrystaliinemass.—BaA"Uaq: 
more sol. cold than hot water.—BaHjA'j.— 
SrA" 6 aq.—CaA"aq.—MgA"Caq: hard crystal¬ 
line crusts, V. sol. water.—re(OH) 5 HA" (?).— 
MnA''5aq: plates. — CoA" 6 aq: rose-coloured 
monoclinio plates.—NiA" 6 aq.—ZnA" 6 aq: mo- 
Doolinio plates. — ZnEjA'^j^aq. — GuA"3aq : 
bluish-green prisms.—SnA"Sn04aq : insoluble 
pp. 

Diethyl ether Oil. 

DIDYMITJM Di. At. w. 143 (exact value 
doubtful). Mol. w. unknown. S.Q. 6*544. S.H. 
*04563 ^illebrand, i\ 15$, 71). Melts above 
Ce and La. In 1842 Mosander separated a now 
metal from the mineral Cerite {P. 56, 503); as 
the metals Ce and La had already been found 
in this mineral, the«name didymium was given 
to the now metal to suggest its close relationship 
to lanthanum (SiSv/ios «two-fold). Becent inves¬ 
tigation has succeeded in obtaining from certain 
Di salts what seem to be two classes of com¬ 
pounds distinguished by their absorption-spectra 
and colour; these compounds in all probability 
are salts of two distinct elements {v. infra) ; the 
name didymium is therefore a singularly happy 
one. In the present state of knowledge of the 
rarer elements it seems well to describe the body 
regarded until recently as a single element, and 
the compounds of this body. 

Occurrcnce.—ke silicate in various Scandi¬ 
navian and Siberian minerals, CeriU, Qadoli- 
nite, Orthite, <ftc., accompanying Ce and La. 

Pr^ration.—The mixed oxides of Ce, La, 
and Di are separated from Cerite by treatment 
with HfS 04 , Ac.,as described under CxBnju^vol.i. 
p. 728); Ce is then separated as basic nitrate 
^ one of the methods described under Cebzum. 
The solution of Di and La nitrates may then be 
treated in different ways: Bunsen a. Jegel fi’. 
156,877) recommend ppn. of the hydrated oxides 
of and La by solution in E^SO^Aq, 

evaporation, and crystallisation of the sulphates; 
the sulphates are then dried and powdered, 
1 part is dissolved in small successive portions 
in 6 parts water at 3^-8^ the solution is heated 


to c. 40*, when IiAjSSO, separates, the rao^r- 
liqaor is siowiv evaporated by standing in a 
warm place, when rosb-ooloured rhombohedru 
of DiySSO, separate; thin violet plates generally 
also form on the sides of the dish, these are a 
mixture of the two sulphates, they are easily 
distinguishable from the DL^SO, crystals; the 
rose-coloured crystals are picked out, and puri¬ 
fied by re-cryst^Iisation (Mosander, P. 56,503, 
or P. M. 28, 241). The crystals thus obtained 
usually contain a little La^SO^; Hermann 
(tT. jpr.82,385) evaporates the solution of D^dbO, 
containing some La.^ 8 S 04 to dryness at about 
18'=*-20‘*, adds a little cold water to the residue 
which dissolves Di^SSO^ wkh very little La^3SO„ 
evaporates to dryness at 18®-20®, treats with 
cold water, <&c., and repeats these operations so 
long as there is any residue not quickly sol. in 
a little cold water. To complete the separation, 
Hermann (Z.o.) dissolves the Di^fiSO^, wWch may 
contain traces of La.^dS 04 , in water, divides the 
solution into two parts, ppts. one part by NHaAq, 
washes the pp. thoroughly, mixes it while moist 
with the other part of the solution, and allows 
the whole to remain at a moderate temperature 
for some days; basic La sulphate thus dissolves 
completely and basic Di sulphate separate^; 
after a few days the crystals which separate 
are collected, washed, dissolved in E^SO^Aq, and 
again crystallised {v. also Erk, Z. [2] 7,104). 

Other methods for separating Di salts from 
La salts are based on the relative solubilities of 
the oxalates and nitrates of the two metals; 
V . Marignac, A. Ch. [3] 27, 226; Holzmann, 
Zeitsehr, fUr Chem. und Pharm. 1862. 668 ; 
Zschiesche, J. pr. 107, 65; Freriohs a. Smith, 
A. 191, 331. Frerichs (B. 7, 793) describes a 
method of separation founded on the reaction 
between DiCl, and LaOCI, whereby Dl^O, and 
LaCl, are produced. 

According to Clove (C. J. 43,362) the Di^SSO, 
prepared as described may stillcontain samarium 
salts; samarium oxide is separated by long con¬ 
tinued fractional ppn. with cold dilute NH,Aq, 
the earlier fractions are rich in samaria, the 
later are chiefly didymia; by solution of the 
later portions in HNOjAq and repeated fractional 
ppn. by dilute NHjAq, didymia is at last ob¬ 
tained free from samaria. (Cleve’s paper con¬ 
tains a description of a method for the approxi¬ 
mate separation of the rare earths, which lie 
says is very convenient.) 

The Di^SO, purified as described is dissolved 
in water, and NH^Aq is added in excess, the 
ppd. hydrate is washed, and dissolved in HClAq, 
the liquid is evaporated after addition of KH^Cl, 
and the residue is heated; nearly pure DiCl, 
containing a little DiOCl is obtained. The DiCIj 
may be reduced by heating with K in a porcelain 
tube: on washing with water small particles of 
Di are obtained (Marignac, A, Oh. [ 8 J 88,148); 
the reduction is better effected by mixing with 
NaOl, melting, and electrolysing (Hillebrand a. 
Norton, P. 155, 638). 

Properties and Beaetions. — White metal, 
malleable and ductHe, harder than Oe. Oxidises 
in air; when finely divided it burns in a flame 
with production of much light; dissolves readily 
in dilute HClAq, HNO,Aq,h«id H.S 04 Aq; de- 
oom^ses cold water slowly and hot yrater 
rapidly. 
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Tl\eatomro weight of Di has been determined 
(1) by analysing the salpliato (Marignao, A. Ch. 
[8] 27. 231; Erk, Z. [2] 7,106); (2) by analys¬ 
ing the chloride (Marignac, A. Ch. [3] 38,153); 
(8) by transforming the oxide into sulphate, or 
vice vcrsd-(Hermann, J. jtr. 82, 387; Erk, Z, 
[21 7, 108; Zschieeche, J. pr. 107, 65; Cleve, 
lil. [2] 21, 216; 30, 280; C. J. 43, 362; Bran- 
ner, C. J. 41, 68, and (later) W. A. B. 3,141, 
490) J (4) by determining S.H. of Di, Hillebrand 
a. Norton (P. 158, 71). The numbers obtained 
for tile atomic weight of Di vary from c. 145 to 
e. 142; Cleve thinks that the value 142‘124 ± 
•0328 may be accepted; Brauner thinks that 
Di-146-2 to 146’4 (C.V. 43, 288). 

S^aration of didyvtiuvi into different con- 
Btituente. —La-NH^ nitrate is more sol. HNO,Aq 
than Di-NH, nitrate; when a long process of 
fractional crystallisation is conducted with a 
mixture of these salts, the La salt may be com¬ 
pletely removed, and at the same time the Di 
salt separated, according to v. Welsbach, into 
two perfectly distinct compounds {Sitz. W. 92 
[2nd part], 317). A large quantity of the mixed 
nitrates of La and Di obtained from cerite after 
separating basic Ce nitrate (u. vol. i. p. 723) is 
mixed with the necessary quantity of NH,NO„ 
about part cone. HNOjAq is added, and the 
liquid IB evaporated until small crystals appear 
on the surface, a little water is added, and crys¬ 
tallisation is allowed to proceed for about 21 I 
hours; the crystals are drained and washed with 
a little HNOjAq which is added to the mother- 
liquor; the mother-liquor is evaporated and 
crystallised ; the liquor from this is again eva¬ 
porated, and 60 on until 6-8 fractions have been 
obtained; those fractions are then systemati¬ 
cally refractionated by crystallisation from 
HNO,Aq several thousand times. Two nitrates 
are finally obtained, one forming a palc-grecn 
solution, the other forming a rose-coloured solu¬ 
tion ; these Solutions give different emission- 
and absorption-spectra, the sum of the two 
spectra is the same as the spectrum of didymiiim 
nitrate. Erom each solution salts are obtain¬ 
able, one series is green, tlio other is rose-co¬ 
loured ; by decomposing the green nitrate by 
heat a brownish-black oxide is obtained, and by 
decomposing the roso-red nitrate a bine-grey 
oxide is produced ; analyses of the oxides and 
salts are not given in the original paper. For 
the element which forms green salts v. Wcls- 
bach proposes the r\ame praseodi/miim, and for 
that which gives rose-coloured salts he proposes 
the name neodyiniuvi; he assigns the atomic 
weight 113‘6 to praseodymium, and the atomic 
weight 140*8 to neodymium,^he oxides having 
the composition M.^0,. When a salt of praseo¬ 
dymium is mixed in certain proportions with 
a salt of neodymium, the spectrum of the mix¬ 
ture is the same as that of didymium. 

Bccquerel (0. JR. 104, 1091; 777) has ex¬ 
amined the absorption-spectra of Di salts, and 
concludes that these salts are mixtures of at 
least two substances. Braunqf (C. J. 43, 281) 
got indications of the complex nature of Di by 
careful fractional ppn. of Di3NOs solution by 
NHjAq.. Crookes (N.M, 266) did not succeed 
in separating v. '^Isbaoh’s praseo- and neo- 
dymiui}) from didymium; he thinks that these 
aamH mav represent .two different groups of 


moleouloB into which what is called didymium 
is separated by one particular method of 
tionation. 

Chemicalrelations ofDidymium.-^UthihoAj 
•called didymium is an elementary substance, it 
must be placed in Grou|S V. with N, P,...and Bi. 
Di forms the oxide Di^O„ and probably DijO}, but* 
only one class of salts Di.^3X where X S 04 , 2 N 0 „ 
Ac .; one class of Imloid salts is known, DiX,, 

I where X*F, Cl, Br; the oxychloride DiOCl has 
been prepared. Di is more closely analogous to 
Bi than to any other element of Group V. 

Didymium arsenate v. vol. i. p. 308. 

Didymium bromide DiBrg.GHjO. Violet, 
deliquescent crystals; S.G. 2*81 (C)ove, BL 
[2] 39, 289); obtained by dissolving Di,0| in 
IlIBrAq and evaporating over H^Of. Forms 
double salts (Frerichs a. Smith, A. 191, 342): 
2 DiBr,.3NiBn.l8H20; 2DiBr,.3ZnBr,.86H,0 

(*24H^O according to Cleve, BI. [2] 39, 289), very 
deliquescent; DiBr8.AuBr,.10Hp (Cleve, i.c.). 

Didymium chloride DiClj.GHjO. Violet, de¬ 
liquescent, monoclinic crystals; very soluble in 
water or alcohol; S.G. 2*286 (Cleve, lx.). Ob¬ 
tained by dissolving DijO, in IlCLAq, evapora¬ 
ting, and crystallising ; when the solution is 
^ evaporated to dryness after addition of NH,C1 
and the residue is heated, or when the residue 
obtained by evaporating Di^O, in HClAq to dry¬ 
ness is heated in a stream of HCl, nearly pure 
DiClj, containing a little DiOCl, is obtained. 

Double salts.—2DiCis.3AuCl,.2HyO: bril¬ 
liant yellow deliquescent plates, by evaporating 
a solution of the mixed chlorides (Frerichs a. 
Smith, A. 191, 340); 2DiCl,.9HgC424HjO; 
2DiCl3.3PtCl4.24HjO (F. a. S.); 
DiClvPtCVlO^H^O, deliquescent prisms; S.G. 
2*689 (Cleve, BI. [2] 39 289); DiCl,.SnCl4.10iH,O 
(Cleve, BI. [2] 31,196). 

Didymium fluoride 2Dir,.H5,0; reddish pp. 
by adding HFAq to solution of Di acetate 
(Cleve). According to Frermhs a. Smith (A. 
191, 343) the pp. formed by adding HFAq to 
Di^3SO,Aq is 2DiF,.3HF; this is denied by Cleve 
{B. 11, 910). 

Double salts.—Obtained by treating Di^O, 
with KF.TTF (Brauner. C. J.il, 68); 
2DiF,.3HF.H,0; 3DiF,.3KF.H20; 4DiFj.3KF. 

Didymium hydroxl^^s v. DrpTMXUM, oxipes 

AKD BVPBATED OXIDES OF. 

Didymium iodide. Not isolated. Frerichs a. 
Smith (^. 191, 343) obtained the double salt 
2DiIs.3ZnIj.24HjO as deliquescent yellow plates. 

Didymium, oxides and h;drated oxides of. 
Di forms the oxide Di^Oy*, another oxide DiyOi, 
and another intermediate between these, Di^O^or 
Di^Of, probably exists. The hydrated^ oxide 
DijOa.3H,() seems not to have been obtained in 
a state of purity; DiaOj.SHjO has probably been 
isolated. The oxides and hydrated oxides of Di 
are basic; the higher oxides react with acids 
as peroxides, forming salfs of the series DyiX 

Didymium oxide Di^Oa. S.G. 7*18 (Cleve, BL 
[2] 89, 289); S.H. *081 (Nilson a. PettersMD, B» 
18,1459). Obtained by ppg.DiCl,Aq by KOHAq, 
and strongly heating the hydrat^ oxide thus 
formed; also by strongly heating Di(NO^n 
D4(C^OJ„ or Di«(COt),; it is advantageous to 



daoxidieo any higher oxide torme^ , 

h/ae ^iMfOlere, Bl. [2] 39, 289} i wiutO WltllOUt 
toy blue tinge aaooriiing to Hermann (J. jpr. 82, 
885). Unoh&nged by heating in H; probably^ 
oombineB with 0 whe^ heatod in that gas (v/ 
in/ra). Emits white light when very strongly 
heated, the lines in the spectrum oi the light 
emitted are the same as the dark lines in the 
absorption-spectrum of dilute Di salt solutions. 
Dissolves in acids to form salts Di;3X where 




Insoluble in water, but in 


hot water forms a hydrate probably Dip,.3Hp. 
In ordinary air forms Di;3COs; decomposes hot 
solutions of KHf salts, evolving 

Hydrated didymicm oxidr ?Dipj.3HP 
(«I>i(OH),). The pp. obtained by adding 
kOHAq or NaOHAq to solutions of Di salts is 
gelatinous, pale roie-red, insoluble in excess of 
thepptnt.; it always contains a little carbonate'. 
NH,Aq ppts. basic salts from solutions of Di 
salts. Thomsen gives the heat of neutralisation 
of didymium hydrate [Di'O*.xH-0,BlI-SO‘Aq] 
-77,ld0 (27i. 1, 375). 

OXXDES or DIDYMIUM OTITRR THAN DiD,. Ac- 

oording to Frerichs a. Smith (^. 101, 314), Dip, 
prepared by gently heating DifNOj), absorbs 0 
when heated in that gas, forming a chestnut- 
coloured powder approximating to the composi¬ 
tion Dip,. The same chemists also obtained 
Dip, by heating Di,(Cpj, in a stream of 0. 
Hermann {J. pr. 82, 385), by heating Dip, inO, 
obtained a product with only c. *8 p.c. moro 0 
thanDLO,; Cleve (B. 11, 910) states positively 
that Dip, cannot be obtained as described by 
Frerichs a. Smith. Brauner (C. J. 41, 08) says 
that the oxide obtained by carefully heating 
basic Di nitrate to dull redness in a stream of 0 
has the composition Dip.; he describes this 
oxide as an amorphous chocolate-brown powder, 
soluble in dilute HNO^Aq or dilute H^S 04 Aq 
without evolutioft of gas, but soluble in more 
eonc. acids with evolution of 0, insoluble in 
HFAq, decomposed when strongly heated with 
production of 0; reduced in II at low red heat; 
S.G. at 15®=»6'308; reacts with acids to foini 
soils Di;{3X, and must therefore be classed as a 
basic peroxide. Brauner (/.c.) ppd. a solution of 
DiSNO,, containing Hp„ by dilute KOHAq and 
dried in vacuo, he thus obtained a light rod 
powder to which he assigns tho formula 
Dip,.3H.p. It IB still uneortain wliether Brau- 
ner's peroxide can be obtained from a specimen 
of Di3NO, perfectly free from samarium. 

Didymium oxyhaloid compounds of. The 
only one of these compounds definitely known 
is the oxychloride, DiOCl; it is a greyish powder, 
S.G. 5'761 (Cieve, Bl. [2] 39, 151), obtained by 
heating DiCl,.6H,0 and treating the residue with 
water (blarignac, A. Ch. [3] 38,148), or, accord¬ 
ing to Frerichs a. Sm^b {A. 191,341), by heating 
DijO, in a at 200^ 

Didymium oxysulpbide. Marignac (Af Ch. 
fS] 88,148) describes a greyish powder, insolublo 
ln>water, obtained by beating Di^O, with S and 
KaOH; he gives it the formula Di^O^S. 

Didymium, salts of. Di forms one class of 
salts, Di^X, whore X = NO,,^*, §PO„ Ac.; 


several double salts, but w/ few 
[ basic salts, are inown. The ohiet salts are 
l6ora£et hromUs carbonate, chlorate, iodate, 
molybdate, nitrate, oxalate, phosphates, selenate 
and selenite, sulphate and sulphite, tungstate, 
vanadate ; v. CAUBOMATEg, Kituaxes, Sulpuates, 
&o. 

Didymium sulphide DIB,. A brownish- 
green powder; obtained by heating Di,0, in H 
charged with CS^ vapour. Decomposed easily 
by acids with evolution of Hp; decomposed by 
heat to Dip, and basic Di sulphates (Marignac, 
A. Ch. [3j 38, 148; Frerichs a. Smith, A. 191, 
345h 

bidymium sulphocyanido v. SunPHcoYANinES 
under Cyanides, p. 350. M. M. P. M. 

DIFFF8I03J. The mixing or mutual inter¬ 
penetration, by reason of tho movements of tho 
minute particles of the fluids, of gases or liquids 
whicli do not chemically interact, is called di/- 
fusion, whether the fluids are in immediate con¬ 
tact or are separated by porous partitions. Wlien 
a liquid passes through a membrane into another 
liquid the process is generally called osmotic 
diffusion or simply osmose; when the diffusion 
of a liquid is accompanied by a separation, 
partial or complete, into two or more chemically 
different bodie'?, the process is generally known 
as dialysis. Substances which when in solution 
pass freely through a porous membrane, or 
readily diffuse into another liquid in contact 
with them, are generally called crystalloids, 
while those substances, solutions of which do 
not diffuse, or diffuse very slowly, are usually 
called collOds. For an account of diffusion and 
tho applications of this process to chemical 
questions v. Physical methods, vol. iv. p. 172. 

M. M. P. M. 

DIOIXALIN C 5S-2 pc.; H 3*7 p.o. 

S (cold 90 p.c. alcohol) 84; (boiling 90 p.c. al¬ 
cohol) 17. Occurs in the leavos of tho common 
foxglove {Digitalis purpurea). It may be ex- 
tvactc<l from the leaves by dilute (50 p.o.) alcohol; 
tho solution treated with basic lead acetate, and 
the filtrate, freed from excess of lead by 
Na^CO,, ppd. by tannin. Tho digitalin tannato 
is then decomposed by lead oxide and tho 
liberated digUalin crystallised from alcohol 
(Lcfert, 7. Ph. [5] 6,424; cf. Nativollo, 7. Ph. 
[4J 9, 255; 20, 81; Ph. [3] 2, 8C5; Le Boyer, 
Bibl. Univ. 2C, 102 ; Lancelot, A. 12, 251 ; 
Trommsdorff, A. 24, 210; Ar. J'h. 10, 113; 
Homollo, J. Ph. [3] 7, 67 ; 0. Henry, 7. Ph. [3] 
7, 460; Homollo a. Qaovenne, Mdtnoires sur la 
Digitaline, Paris, 1851; lidpert. Phaiin. [8] 9, 2; 
Walz, 7aAr6.pr. P/ia?vtt. 14,20; 21,29; 24,80; 
26, 296; Gcrli. 4,286; N. Jahrb. Phann. 8, 332; 
9, 302 ; l(h 319 ; 7.1817, 645 ; 1851, 567 ; 1852, 
C79; 1853, 663; 1857, 520; 1853, 528; Delffs, 
N. Jahrb. Pharm. 9, 26; 7. 1858, 628; Koss- 
mann. 7. Ph. [3] 33, 6; [4] 20, 427; C. 7. 28, 
650; Fliickiger, N. Jahrb. Pharm. 39,129; C. 0. 
1873, 371; Goerz, 7. 1873, 815; Schmiodeborg, 
Ph. f33 6,741; Morin, 7. Ph. [8] 7, 294). 

Properiies.-^Xendet needles grou^ around 
a common axis (Nativelle) or small minute pjates 
(Fliickiger). Insol. water and dilute alkali, t. b 1. 
sol. etW, V. sol. chloroform, cbloroform-aloohol, 
and aoetic acid. Hydroel;iloric acid dissolves it, 
fonuing a y^owish solution, slowly becoming 
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emorald-green. Cono. ^S04 and H3PO4 also give 
green oolours. Digitalin has no smell bat a bitter 
taste. It ia poisonous, acting on the heart Split 
up by boiling dilute acids into glucose, digitaliretin 
(0. 66 p.c.; H. 4*6 p.o.), and other bodies {Koss* 
mann). Treatment with H-^SO, (1 pt.) and alco¬ 
hol (1 pt.) containing a fow drops of aqueous 
FcjCla gives a groenish-bluo solution (Lafon, Bl. 
[2] 44,18). Digitalin, being a glucoside, colours 
a hot mixture of bile and H^SO^ red (Petton- 
kofcr’s reaction; cf. Brunner, B. 6, 96). 

Digitalein 0 63’2; H 8-1 p.o. An amorph¬ 
ous substance occurring in the leaves of Digitalis 
purpurea and D, lutea. V. sol. water and cold 
alcohol, si. sol. chloroform, insol. ether. Ppd. 
from its aqueous solution by tannin or lead sub- 
acetate. Split up by dilute acids into glucose 
and digitaliretin. Narcotic poison. 

Digitin (CJIaO^)*? Occurs in foxglove 
leaves. Stellate groups of needles, insol. water, 
chloroform, and benzene, v. sol. ether and al¬ 
kalis (Goerz, J. 1873, 814). 

Digitonin C 53-4 p.c.; TI 7'6 p.o. A white 
amorphous substance occurring in foxgloves. 
Besombles saponin and melanthin. V. sol. 
water, forming a solution that froths on 
shaking. Ppd. from its aqueous solution by 
alcohol, baryta-water, or lead subacetatc. Gives 
a red colour when boiling with dilute acids 
(Greenish, Pft. {3] 10. 909; 1013). 

Digitoxin 0 63-G p.c.; H 8*1 p.c. Occurs m 
the leaves of the foxglove. Needles or tables, 
insol. water and benzene, si. sol. ether, v. sol. 
alcohol and chloroform. Boiling dilute acids 
convert it into amorphous soluble toxirosin. 
Both digitoxin and toxiresin are very poisonous. 
According to Kopp digitoxin is eight times as 
poisonous as digitalin. 

DILITITItlO ACID v. Nitbo-baubitdrio Acn>. 

DELL OIL. S.G. *9. (o. 190°). The volatile 
oil of Apmm (or Anethum) graveclcns. It con¬ 
tains carvene and carvol (Wallach, A. 227,292; 
cf. Nietzki* Ar. Ph. [3] 4,317; Gladstone, C. J. 
17,1; 25,1). 

DIMORPHISM and TEIMOBPHISM. These 
terms arc used to denote the existence of the 


hot, aleo^l (80-85 p.o.). The diosmin isobtained 
by heating with ammonium carbonate, and 
finally washing with alcohol and ether (P. Spioa, 
G. 18,1). 

Properties.—"WhitB or yellowish-white crys¬ 
tals, insol. most solvents, but sol. hot alcohol 
(80-85 p.o.). In cofhposition it is practically 
identiesd with hesperidia (Patemb a. Briosi, Q. 
6,169). Reduces Fehling’s solution. Dissolves 
in concentrated acids and alkalis, but is reppd. 
on neutralisation. Heated with concentrated 
I mineral acid it is decomposed into a glucose and 
I an orange-yellow orystadline substance [145*^. 
Shimoyama {Archiv der Pharm. 1887) considers 
the similar glucoside hesperidia to be present 
in the leaves of various species of the Barosma. 

DIOBPHEKOL [82°]. (0. 220°). 

The stearoptene in oU from buchu leaves (Spica, 
G. 16, 196; Shimoyana, Ar. Ph. [3] 26,403). 
Monoclinm crystals (by sublimation); v. sol. 
alcohol, sf sol. ether, insol. water. Smells like 
camphor. FeCl, gives a green colour. 

Reactions.—1. Alcoholic KOH partly con¬ 
verts it into diolio acid G,oH„0,aq, which 
forms the following salts: BaA'j 5aq. 8. l‘f at 
17*5°; 6 at 100°.—AgA'.—2. Reduction in alco¬ 
holic solution by sodiumamalgam forms 
[159°].—8. Bromine gives 0,oH,4Br,Oj [43°]. 

Methyl derivative OuHijMeOj. (234°). 
S.G. *985. From diosphenol, KOH, and Mel. 

Ethyl derivative 0,4H,jEt0a. (271°). 

S.G. 15 -967. 

Acetyl derivative 0,4H,jAoOj. (270°). 
S.G. -1032. 

DIPPEL’S OIL. An oil obtained by rectify¬ 
ing the oily product of the destructive distillatioa 
of bones or other animal matter. Recommended 
as a medicine by Dippel, an apothecai^ of the 
seventeenth century; v. Bonb-oil, vol. i. p. 622. 

DISACRYL V. Aorolbim. 

DISPOLINE 0„H„N. (282°-304°). Anal- 
kaloid homologous with quinoline found among 
the products obtained by ^stilling oinohonine 
with potash (Greville-WilUams, Laboratory, p. 
109; Z. 1867,428). Oil.—B'jHjPtCl,. Not de¬ 
composed by boiling water (De Coninck, BL [2} 


same chemical substance, elementary or com¬ 
pound, in different crystalline forms. The two 
kinds of crystals of a dimorphous body, or the 
three kinds of crystals of a trimorphous body, 
may belong to different systems, e.g. carbon crys¬ 
tallises in the regular system as diamond and in 
hexagonal forms as graphite; nickel sulphate 
crystallises in trimetrio prisms, in dimetrio octa- 
hedra, and in monoclinic prisms; or the different 
crystals of the same body may belong to the 
same system, and yet so differ in their corre¬ 
sponding angles that they«oannot bo reduced to 
the same form; mono-sodium phosphate, for in¬ 
stance, NaHjP04.!cHjO, crystallises in two differ¬ 
ent trimetrio forms. Di- and tri- morphism is 
usually accompanied by differences of S.G., 
colour, hardness, or other properties (v. Crxbtii.- 
XJSATION and Isomorphism). M. M. P. M. 

DIOSMIN C 63 p.c.; H 6-1 p.o. [243°]. 

Occurrence .—In the Icavps of Barosma cfe- 
nata aii betulina (Cape of Good Hope). 

Preparation.—The leaves are first extrwted 
yith petroleum to remove the essential oils to¬ 
gether with chlorophyll, a wax and a J®sin j then 
they aia extracted with cold, and finally with 
Ton. n. 


DISSOCIATIOH. A term proposed by DeviU. 
for the purpose of partioolarising a certain olasa 
of reactions chiefly studied by himself and by 
those whom he inspired. * 11. 

Many facts now studied by the method of the 
theory of dissociation have been known from 
days. The observations of Gay-Lussao on 
decomposition of chalk by heat, and of Avogadro 
in 1811, and Ampere in 1814, on the abnormal 
vapour densities of gases may be motioned. The 
starting-point of the modem doctrine is Grove s 
Bakerian Lecture (T.1847), in which the decom- 
position of gases by heat, and especially the de- 
composition of water by fused platinum, la an- 
nounoed and explained. The following e^^raota 
will show that the theov “I tbe decompoaition of 
water was oorreotly stated by Grove, tho^h toe 
t Ams in which he expresses it are now obsolete. 
After describing the action of a hot piatinnm Wtte 
on dry and wet oarbonio oxide respeotivAy, he 
continues:— 


■ I tlioniht nwoh upon this umrlmMit; It apiMrrf to 
mo ulUiMtolr tost too Ignltod ptatomm lad bo op®^ 
effect in preduolng oltoet oompefitlso or docoa^toii el 
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water, bat that It elmply rendered the ohemleal eqnllibrlaa 
nnetable, and that the gases then restored themsolTes to a 
stable equilibrium according to the oiroumstanoesln which 
they were placed with regard to surrounding affinities; 
that If the state of mixed oxygen and hydrogen gas were, 
at a certain temperature, more stable than that of water, 
Ignited platinum wire would decompose water as it dues 
ammoala.’ ' It now appeared to me tbatltwas possible to 
effect the deoomposiuon of witer by ignited platinum; 
that, supposing the atmosphere of etoam in the Immediate 
rioi^ty of Ignited platinum were decomposed, or the affi* 
nities of its constituents loosened, If there were any moans 
of suddenly remorlng this atmosphere I might get the 
mixed gases; or secondly, if, as appeared by the last two 
experiments, quantity hod any ^duenoe, that it might be 
poMlble BO to oivlde the mixed gases by a quantity of neu¬ 
tral Ingredient as to obtain them by subsequent separation 
(or as it were filtration) from the neutral substance. Both 
these were realised.' 


He then relates bow on heating platinum in 
steam he got a small bubble of gas, which deto¬ 
nated when all was cold; and then says 

*Tbe experiment was then repeated, continuing tho 
ignition for a longer time, but the gas oould not bo in¬ 
creased beyond a rery liiffited quantity; tiAileed, It was 
not to be expected, as, eupposlng it to bo a mixed gas, re- 
oombination of the excess would have token place.’ 

The matter was taken up by Deville in 1857, 
who repeated Grove’s experiments on a large 
scale. Advantage was taken of an old observa¬ 
tion of Eegnault concerning the action of molten 
silver on steam, and an equivalent method, in 
which silver is replaced by fused litharge, was 
described. 

This is the first of the many ingenious 
methods invented by Deville for the study of 
dissociation-phenomena, and to him and his 
pupils we owe much of our knowledge on the 
subject. The appended bibliography (u. end of 
this article) will indicate the further history of 
the matter, as well as the more important 
memoirs which have appeared on the subject. 

Before defining the meaning of the term 
dissociation it wiU be well to become in some 
measure acquainted with the simpler facts and 
arguments of the subject. Let a b be a tube 

.^1 1 
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made of some material capable of resisting a 
high temperature, such as glazed porcelain. Let 
0 be a porous septum, e.g. a plate of porous 
earthenware, fitted into the tube a b, so as to 
be air-tight in the ordinary signification of the 
term. Let there be means of placing the end b 
of the tube in connexion with an air-pump and 
gas-analysis apparatus.,^ The end a can be 
closed by a non-porous stopper, and the tube is 
to be so placed that it can be raised to any 
d^ired temperatnre. The space oa can be 
filled with any gas or vapour, and the stopper 
at A tomished with such arrangements as to 
allow the pressure of the vapour in ca to be 
kept constant, whatever the temperature may 
be. Though such a combination of appari>4Q8 


as this has never been put together, and though 
it would be exceedingly inconvenient in prac¬ 
tice, it is easy to understand, and will serve to 
establish the main principles of dissociation. 

The part of the tube oa is supposed to be 
filled with saturated wator-vapour, and is placed 
on the heating apparatus, b c is kept vacuous, 
or as nearly so as possible, by means of tho air- 
pump. In now studying the changes produced 
in the water-vapour by the action of heat, let us 
direct our attention solely to tho part of tho 
tube 0 A. Then we know that, as the tempera¬ 
ture increases from 100°, the dry steam in c a 
will expand at almost exactly the same rate as a 
permanent gas. In fact, if wo made two air- 
thermometers at constant pressure, and tilled 
one with dry air And one with unsaturated 
steam, they would keep together approximately 
till a very high temperature is attained --say, up 
to a red heat. After that we should observe 
that the expansion of tho steam becomes greater 
than the expansion of air, and continues w# 
increase, at all events up to the highest tem¬ 
perature we con reach experimentally. If we 
replaced the steam by the vapour of acetic acid 
tho same plienomena would be observed, except 
that wo should finally be able to reach a point 
where the coefficient of expansion of the acetic 
acid vapour attained a maximum ; and it would 
decrease from that point till it again became 
the same as for air. The apparatus with the 
porous plate will enable us to give an explana¬ 
tion of the change in tho coefficient of expansion 
of dry steam. We know that when wo mix two 
volumes of hydrogen and one volume of oxygen 
and keep tho mixture at a temperature a little 
over 100°, and then explode the gases by means 
of an electric spark, so that they may form 
wnter-vapour, and finally allow the temperature 
to become tlie same after explosion as it was 
before explosion, then the three volumes will 
become reduced to two volumes. In other words, 
oxygen and hydrogen when combinetl together 
only occupy two-thirds of tho space they occupy 
before combination. 

Now, suppose that we heat the water-vapour, 
and let us assume that the lieating in some way 
undoes tho combination of the hydrogen and 
oxygen, so that we no longer have pure water- 
vapour, but a mixture of water-vapour, oxygen, 
and hydrogen. If we further assums that the 
ratio of the weight of the oncombined gi^es to 
the weight of the steam increases as ^e tem¬ 
perature rises, we shall have a hypothetical 
explanation of the change in the coefficient of 
expansion. This hypothetical explanation may 
be converted into a real explanation by experi¬ 
ments performed with the apparatus described. 
Tho rate ofd\^usion of different gases through 
porous septa is very nearly inversely proper 
tional to the square roots of the densities of the 
gases. Hydrogen, ^^orofore, passes through 
porous septa four times as fast as oxygen and 
three times as fast as steam. If, therefore, the 
steam in the part of the tube a o be really de¬ 
composed, we shall jio able to detect the decom¬ 
position by means of an analysis of the gases 
diffused into the part bc. In order to make 
the proof complete we must still show that no 
other change takes place in tho steam in ao; this 
would be very difficult to do directly, especially 
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(or steftm which only decomposes at very high 
temperatures, and therefore we must adopt a 
rather different method. If we can show that 
the change in the coefficient of expansion is 
proportional to the amount of steam decomposed 
at all temperatures, then we can deduce tha( 
the most important part of the change at all 
events is to be traced to the decomposition, or, 
as we shall say for the future, to the dissociation, 
of the steam. This may be done by moans of 
our apparatus. Since the pressure in ao is 
kept constant, the * partial pressure ' produced 
by the hydrogen and oxygen will be proportional 
to the ratio of the weights of the uncombined 
gases to the weight ci steam per unit volume. 
Wo know from experiment.that the weights of 
gases diffused per unit time, under otherwise con¬ 
stant conditions, are proportional to the pres¬ 
sures, within the limit that the pressure is above 
some very small value depending on the kind of 
gas and the size of the pores in the septum. 
In all ordinary experiments the pre.ssuro is well 
above the limit. In order to simplify matters 
we will arrange our furnace so as to keep u o at 
the same temperature as ao, and let the air- 
pump work so fast that, however much gas 
comes through the plate, the vacuum is not 
perceptibly impaired. For a reason to be given 
further on, we will also allow the gas coming 
from BO to cool slowly, ao that the hydrogen 
and oxygen may recombine. This will leave us 
with a mixture of water-vapour and hydrogen 
in our analysis apparatus. Wo have therefore 
to keep our diffusion-tube at different constant 
temperatures, allow the diffusion to go on slowly, 
and measure the amounts of hydrogen coming 
through per unit time. From what has been 
said, &ose quantities will be proportional to the 
dissociation at the temperature considered; and 
we have only to compare them with the co¬ 
efficients of expansion at those temperatures to 
test our th 9 ory. 

In no particular case does the evidence in 
favour of the hypothesis stated above amount 
to a complete demonstration. Thus in the case 
of bodies like sal-ammoniac, which decompose 
into substances chemically different from them- 
selves, and therefore recognisable by chemical 
methods, no experiments have been made to 
show that the abnormal vapour density is evr 
Hrely accounted for by the dissociation. Again* 
in the case of substances like nitrogen tetroxide 
and acetic acid, where the vapour-density is a 
function of the temperature, experiments have 
indeed shown that the quantities of heat absorbed 
at different temperatures, less the quantities of 
heat required to raise similar supposed less de- 
oompopable gases through Ihe same range, are 
proportional to the rate at which the coefficient 
of expansion deviates from the normal. Unfortu¬ 
nately, in both these cases (the only ones specially 
studied as to this point) we have no chemical 
means of testing whether the supposed molecular 
decomposition takes place or not. In fact, some 
chemists consider it does not, but that we have 
in these cases merely a change comparable with 
that fron; the liquid to the gaseous state, and 
which does not take place at a definite tem¬ 
perature, but goes on gradually even though 
the liquid as such may have disappeared 
fo. Berihelot a. Ogier, A. OK [5] 86, 882). In 


other words, these chemists are inclined to at* 
tribute the change which takes place in the co» 
efficient of expansion merely to the molecules 
of the gas increasing their mean distance from 
each other faster in these cases than in the 
standard cases. This ^iew, however, would lead 
to a very serious modification of all our views 
as to the physical signification of the gaseous 
state. Avogadro’s law would have to be aban¬ 
doned amongst other things. On the other hand, 
if we consider that nitrogen tetroxide and acetic 
acid vapour suffer molecular decomposition, 
then we must allow that all other gases which 
are formed from their elements with condensa¬ 
tion—like nitrous oxide, for instance —may also 
undergo a molecular decomposition, since their 
spcciilc heats have small positive temperature- 
cooffioionts (liegnault). There is nothing sur- 
prising in this, in fact it is in complete accord¬ 
ance with Ihe views of Clausius and Williamson 
and physicists generally on the meaning of the 
definite convposition of gases. Bamsay and 
Young [G. S. 49, 790) have shown that the 
specific gravity of acetic acid vapour decreases 
as temperature rises, whether the pressure be 
large or small, and that the specific gravity also 
decreases as pressure falls, whether the tem¬ 
perature be high or low, but that the speoifio 
gravity of a normal vapour, such as that of 
alcohol or ether, increases as temperature falls 
until a limit is reached, after which the speoifio 
gravity remains unchanged. 

The hypothesis of dissociation sketched above 
will therefore be adopted in what follows, for 
not only is it in complete harmony with every 
experimental fact observed, but it serves to co¬ 
ordinate and bring into the same field of view a 
very great number of experimental results, at first 
sight very unlike each other and inexplicable 
separately. It will be noticed that we have as 
yet said nothing as to the mechanism by which 
dissociation takes place; this is a very obscure 
subject, and indeed very often seems to depend, 
amongst other things, on the form and material 
of the containing vessel (Menschutkin a. Kanona- 
low). 

The effect of porous surfaces, however, pre- 
sonts little difficulty to tho kinetic, and still less 
to tho vortex-ring, theory of gases. Pri^tioally 
it may be taken to ipean that an experimenter 
attempting to reproduce any of the experiments 
described below will most probably fail to repro¬ 
duce the numerical results unless he carefully 
copies the original experimenter’s apparatus. 
Particular instances will be found in their proper 
places. 

There is no reason to suppose that dissocia¬ 
tion is limited to gases, or that a rise of tempe¬ 
rature is the only physical condition capable of 
bringing it about. It is a matter of common 
experience that chalk, when heated, decomposes 
into quicklime and carbonic acid; and if the 
operation be conducteef in a closed chamber so 
thskt the carbonic acid cannot escape, it is found 
that the decomposition of the chalk is never com¬ 
plete, and that recombination occurs, to a certain 
extent, when the temperature falls. There are 
many other substances which behave like chalk 
as far as their decomposition by heat is con¬ 
cerned ; that is, their degree of decomposition 
in closed vessels is almost entirely a function of 

003 





388 

fhe temperature, and is reversible. The oonstl* | as weJI as the violence of tbeie fionisions, ffiiini 
fation of solutions of many saJts in water or in / also increase. When the atoms of ox wen and 
otier solvents also appears to be dependent on hjdrogen are nncombmed they ndU be called 
the temperature. Aii these phenomena are col- free atoms; when combined thej will he oaik-d 
Jected together as cases of thermolysis, ox de- ‘paired’atoms. The‘mean time’during which 
oompoBitiou by heat alone, and their stud/ the atoms are free is called the ‘mean free 
forms the larger part of the subject of dissocia- time/ and the time during which they are paired 
which also embraces oases of decomposi- is called the ‘ mean paired time.’ If in the case 
tion by other physical processes, such as expo- of a system of oxygen and hydrogen whore we 
sure to light or eleotiioal discharges. may have molecules of oxygen, hydrogen, and 

There are many substances which undergo ateam, as well as atoms of the two former, the 
A complete and non-reversible chemical change actual state of combination at anv instant will 
under the action of heat; these decompositions depend on the ratio of the paired to the froe 
may be regarded as cases of unlimited dissocia- time. If the time during which the atoms of 
tion, and are generally called decompositions oxygen and hydrogen are paired together is long 
simply. Such unlimited changes are, however, ; compared with the time during which they are 
best stuped by themselves, and will not be froe, or paired with atoms of the same kind as 
dwelt upon in this article. For convenience of themselves, then wo aro considering what is 
treatment we may define dissociation as fol- equivalent to a volumo of steam. If, however, 
lows:— the paired time is comparatively short, then the 

Let there be a chemical system consisting of state of the system approximates move to that 
atoms of kinds, A, B, 0, 4©., capable of combi- of a mixture of oxygen and hydrogen. If we 
ning together in any way; and let their actual assume that the ratio is altered by a variation 
state of combination at any instant depend par- of the frequency of collisions, or of their vio- 
tially on the physical conditions to which the Icnoe, or by any other variation produced by a 
system is exposed at the instant considered; rise of temperature, then wo shall have increased 
and let the state of combination be called the decomposition if the ratio of paired time to free 
state y when the physical conditions aro denoted time decreases as the temperature increases, 
by X. Then if y changes when x changes, in When the temperature falls, on the otW hand, 
Buoh a way that y always returns to its original we shall get recombination, 
value when x retunu to its original value. We oan, therefore, form a mental imago of 
the system is called a dmociahle system. In a purely mechanical character as to the way in 
fact the value of x must be independent of which dissociation may take place. We should 
the ‘ previous history ’ of the system; this neoes- expect that the effects would be modified at the 
sarily implies that in dissociable systems the boundaries of the gaseous system; and that 
change of state of combination must be rever- some of the phenomena observed might be 
Bible. Dissociation, therefore, is the doctrine traced to the influence of the state of the walls 
of reversible chemical reactions. Dissociation- of the containing vessel; and so, in fact, it is. 
processes are but special cases coming under The presence of porous bodies in particular 
the general laws of chemical equilibrium; seems to exercise a profound influence on the 
as suoh they will be considered in the article chemical state of gaseous systems exposed to 
EguiiiiBBtDH, CBSUiCAL. their action. The above hypothesis^of the me- 

The changes wh^ch take place in the energy chanics of dissociation is at present to be re- 
of the system as its chemical constitution varies garded as a mere hypothesis of the most arbi- 
must necesBarily exert a veiy great influence on trary character: if we oan justify it afterwards 
the readiness with which such variation can by cumulative evidence that is another matter, 
occur, it is obvious, for instance, that the state It will also be convenient to take advantage 
of combination oannot change by itself from a of a very simple method of regarding the phe- 
condition of less to a condition of greater energy nomena of dissociation first put forward by 
unless that energy be supplied from without. Pfaundler in 1867. We are to regard a system 
A supply of energy has therefore to be provided in which dissociation is taking place as a field 
in order ^at many dissociation reactions may in which two tendencies are at work; on the 
take place. In consequence of this, the thermal one hand a source of energy from without the 
changes taking place during some cases of dis- system is tending to produce decomposition; 
Booiation have been carefully studied (Berthelot); and on the other the ‘ chemical nature ’ of the 
and much valuable information has been drawn, ' component parts of the ’’.ystem is tending to pro¬ 
in other cases, from a consideration of theavail- | duce recombination. Without committing out- 
able energy of the electric field (J. J. Thomson), j selves to explain in any way the modus operandi 
Before treating special cases in detail it will j of these tendancies, we can see that it is possible 
be well to form a simple working hypothesis : for the system to attain a state such that the 
of dissociation, in order to shorten, as much as amount of decomposition and recombination 
possible, the treatment of the experimental re- per unit time is the same. When this state is 
suits. Such an hypothesis is ready to hand if reached the * limit of the reaction ’ is said to be 
we translate the results of, say, our experiments attained. If by raising the temperature of the 
onsteam, into the language of the kinetic theory system, or by any other means, we dter the 
of gases, and the ordinary molecular and atomic potency of one of the tendencies, we shall have 
theory of ohemistiy. Taking the case of steam, anew equilibrium or limit. The idea is that 
we may sum up the results arrived at by saying for eveiy given set of conditions we shall have 
(hat as the temperature rises the kinetic energy a definite equilibrium, which will alter when the 
of the molecules increases, and in consequence conditions alter, and which is therefore called a 
(he number ol molecular oo^ons per second, ‘ mobile equilibrium*' 
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The-ratio of the weight of the uncombined 
part of the system to tho weight of the whole 
system which is capable of combination is called 
the 'fraction of dissociation,’ and is a very con* 
tenient quantity in discussing dissociation phe* 
nomena. Thus in a system of hydriodio acid, 
weighing say 10 grams before dissociation takes ^ 
place, we might arrive at a temperature such 
that 1 gram became decomposed; then the frac¬ 
tion of dissociation would be denoted by and 
would be expressed by the same number wliether 
we added iodine or hydrogen in excess, or, in¬ 
deed, any inert gas. 

If the external conditions change, then a 
period of time, short or long, is required for a 
new equilibrium to be established. DilTerent 
writers have adopted different methods of ex¬ 
pression for the rate at which the new equi¬ 
librium tends to become established, and various 
arbitrary rules have been given for finding the 
velocity of the reaction, depending of course on 
special definitions of the expression ‘velocity of 
reaction.’ In some cases the velocity of the re¬ 
action has been defined as the weight of sub¬ 
stances combined or decomposed per unit time 
in a system of arbitrarily chosen weight. The 
most exact method would bo to define 
* velocity ’ as the rate at which tho fraction of 
dissociation changes. The particular definition 
which wo may happen to adopt is not of any 
very great importance, since it is from a com¬ 
parison of velocities, and not from their abso¬ 
lute value,that useful information is most readily 
obtained. 

The object of experiment is to determine tho 
relation existing between tho fraction of disso¬ 
ciation, when the limit is attained, and tlio other 
quantities involved. Tlie most important of 
theso are temperature, pressure, and proportion 
of reacting substances. The velocities of tho 
reactions must also be studied experimentally. 

We fottow Lemoino in his distinction between 
the reactions which take place in homogeneous 
systems, and those which occur in non-homo- 
geneous systems. ■ If we start with a homo¬ 
geneous system and by dissociation convert it 
into a system which is not homogeneous, we 
should expect a corresponding modification in 
the reaction, and such is the case. The most 
valuable results will bo obtained when the ex¬ 
perimental conditions are as simple as possible; 
and therefore more attention ought to have been 
devoted to the dissociation of systems which 
remain homogeneous than to thoso which are 
non-homogeneous to start with, or which be¬ 
come 80 by dissociation. Unfortunately, how¬ 
ever, it is difficult to expcrjpient on homogeneous 
systems. 

Qualitative experiments wherSby the exist¬ 
ence of the dissociation of compounds was 
established.—Begnault describes sorao experi¬ 
ments under the article * Chaux ’ {Course 
inmtaire de Chimie [1854], 2,2,3,5) which show 
that some solid bodies, decomposable by heat 
into one or more solids an^ a gas, give off the 
gas more freely when in presence of a foreign 
gas than when exposed to the products of their 
own decomposition. Chalk loses its carbonio 
acid more freely in ordinary air than in an at¬ 
mosphere of carbonio acid. Hydrated salts lose 
iheir water of hydration more readily in an 


atmosphere of dry air than in one of water 
vapour. Grove, as we have seen, demonstrated 
tho decomposition of steam by heat, and pointed 
out that the condition that the decomposition 
shall be sensible is that the products of decom¬ 
position must be ra^iidly cooled, or in some 
other suitable way removed from the sphere of 
action before recombination can take place. 
From a theoretical point of view it is immaterial 
whether we hinder recombination by preventing 
the atoms from getting to one another through 
admixture with an inert gas, or whether we 
lower the temperature so rapidly that it falls 
below the combination point before all the atoms 
are recombined. 

Dcvillc first laid down these principles with 
great clearness, and practically invented all the 
apparatus requisite for the realisation in prac¬ 
tice and on a largo scale of the necessary con¬ 
ditions. fiis apparatus is of three kinds. 

I. For raising gases to a high temperature, 
and removing, at that temperature, the pro¬ 
ducts of dissociation, by taking advantage of the 
laws of gaseous diffusion. 

II. For raising gases to a high temperature 
and preventing recombination by admixture with 
an inert gas. 

III. For raising gases to a high temperature 
and preventing recombination by sudden cool¬ 
ing. This apparatus took two forms 

a The hot and cold tube. 

$ Apparatus for sucking the hot gases into a 
tube through which water is circu¬ 
lating. 

Exact information may be obtained from 
Deville’s papers (-y. Bibliography); and espe¬ 
cially from his Legons sur la Dissociation pro- 
fess6e en 1864 devant la SociiU Chimique. 

I. A glazed po*‘celain tube is fitted with good 
corks at each end; through these corks, and 
concentric with the axis of the porcelain tube, 
another tube of unglazed earthenware is passed. 
Tho porcelain tube can ber heated, by means of 
a suitable furnace, to a very high temperature. 
The gas to bo decomposed is made to circulate 
through the annular space between the two 
tubes. A current of an inert gas continually 
passes through the tube of unglazed earthen¬ 
ware and sweeps away with it the products of 
diffusion (v. fig. 1)., 

Deville decomposed steam by means of this 
apparatus, using carbon dioxide as the inert 
gas; the carbon dioxide was subsequently ab¬ 
sorbed by potash, leaving a mixture of oxygen 
and hydrogen. 

II. A porcelain tube is filled with pieces of 
porcelain in order to expose a large surface. 
The gas to be decomposed is mixed with a much 
larger volume of some inert gas and passed 
through the tube which is heated as before. This 
apparatus is not so powerful as the one last de¬ 
scribed. In an experiment in which a mixture 
of steam and carbon dfoxide was passed through 
the apparatus, the yield of explosive mixture of 
oxygen and hydrogen was much smaller than 
when the porous tube was used; though of 
course in that case the mixture was chiefly hy- 
drogen. This method is less applicable to quan¬ 
titative experiments because of the complication 
introduced by the action of the large extent of 
porcelain surface exposed. 
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nifl. Tht hot and cold tube : this was used an aooidontal phenomenon connoted with th 

Srst for demonstrating the decomposition of rapidheatingandooolingof portions of the JaT 
carbonic oxide into carbon and carbon dioxide. J. J. Thomson (P. M., Jane 188B) haa, however’ 
/f resembles form I. with the modification that given good reason tor behaving that deoomposi.* 
the porous central tube is replaced by a tube of tion is a necessary condition for the passage of 
silver through which a stream of cold water is electrical discharges; that in fact a spark can 
kept constantly flowing. The decomposition of no more pass through an atmosphere of water- 
the carbonic oxide gas was proved hy the depo -1 vapour without resolving it partially into oxygen 
sition of carbon on the silvered tube, and hy the | and hydrogen than an electric current can pass 
presence of carbon dioxide in the stream of gas I through copper sulphate solution without de» 
which passed through the tube. composing it into copper and sulphuric acid. 

1110. An apparatus of the same kind as the Whether Faraday’s law of electrolysis extends 
last, but with the important modification that a to gases is still an open question; the pro- 
small hole of *2 mm. diameter is bored in the Lability is that it does not. However the de- 
side of the metal tube. The result is that when composition is produced, there will probably bo 
a stream of water is allowed to flow through the a certain amount of recombination as soon as 
tube, air is sucked in at the small hole after the the gases cool sufficiently. Since the products 
manner of a velocity pump. This apparatus of decomposition are in general diluted with a 
was employed by DeviUe to examine the con- large proportion of undecomposed gas, the tern- 
stitution of the gases in the middle tf a candle peraturo of the decomposed portions will often 
flame; and was afterwards employed by Cailletot fall below the minimum temperature of com- 
for extracting the gases from a blast furnace bination before complete recombination has had 
(C.i2.62,891). time to take place. This will leave a balance of 

By means of these various forms of ap- decomposition at each spark. As soon, how- 
paratus the dissociation of the following gasos ever, as the products of decomposition have 
was demonstrated;— accumulated to a small extent, they, as well as 
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Water vapour by I. and II.—Carbon dioxide the undccomposed gas, will be acted on by the 
by n.—Carbonic oxide by III.; carbon deposited spark, and a certain amount of recombination 
on the tube.—Sulphur dioxide by III.; tube will take place. It must be noted, however, that 
blackened, and deposit of sulphur trioxide on the decomposition produced by each spark is 
it.—Hydrochloric acid by 111.; surface of tube very small, since the energy of the electric field 
being previously amalgamated, and chloride of is in general small compared with the amount 
meroory and sUver formed by the dissociation, of energy required to produce even a small de- 

It will also be convenient to notice hero the composition. After a certain length of time the 
dissociation of gases produced by electrical dis- decompositions and recombinations will become 
charge. There is no real difference between tho equal, and the limit of the reaction will be at- 
spark discharge and the so-called silent dis- tained. The production of a limit in the experi- 
charge. The silent discharge is merely a spark ment of ozonising oxygen is well known, and tho 
discharge in which the sparks are very numerous production c< ozone at all shows that oxygen 
aud very small. In the cases where a limit has molecules must be previously electrolysed into 
not been observed, the explanation is to be found oxygen atoms. This is also proved by an ex¬ 
in the fact that one or more of the products of periment of De la Rue and Muller, repeated and 
decomposition is either Squid or solid, and is so modified by Thomson and Threlfall, whereby a 
removed from the sphere of action. This ^ is large increase of volume is observed to take place 
notoriously the case with acetylene and hydro- in a tube through which a spark passes, and 
carbons generally. Where a limit is attained, the which is much griater than can be accounted 
reaction may generally be made complete by in- for by the expansion due to heating. In oxygen, 
trodacing a substance capable of absorbing at if the sparks are vei^ small so that the heating 
least one of the products of decomposition. It is insignificant, a dimination of volume is ob- 
WBS formerly believed that the decomposition of served to take place owing to the production of 
gases by electric sparks was, so to speak, merely ozone. The action of the spark on gases seems 
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to be dependent on the natare of the spark, and 
this in turn depends to a great extent on the 
pressure of the gas. Much work still requires to 
be (lone in this direction. At present the fol¬ 
lowing list of gases which have been decsom- 
posed will suffice: Oxygen, nitrogen (?), carbon 
dioxide, methane, ether, acetylene, ammonia, 
acetic acid, phosphorettod hydrogen, carbonic 
oxide, hydrocarbons generally, sulphuretted hy¬ 
drogen, seleniurotted hydrogen,cyanogen,(ko. De¬ 
composition of the fluorides of boron and silicon 
and chlorine has not yet been observed, but 
there islittledoubtthatthedecomposition of these 
bodies will ultimately be demonstrated. Most of 
the above observatiqns have been made by P. and 
A. Th^'uard {0. H.) and by Berthelot An ac¬ 
count of the extremely valuable researches of 
Berthelot and Vicille on dissociation during ex¬ 
plosion, as well as of the observations of Dixon, 
will be found in the article Explosion. 


tures have to be made, and these are snbjeot to 
the almost unavoidable experimental uncertainty 
attendant on that very difficult operation. A 
judgment as to the trustworthiness of the re¬ 
sults obtained can in general be formed only 
from a study of the observer’s own account of 
his experiments. • 

The methods of thermal chemistry have been 
applied by Berthelot to the solution of many in¬ 
teresting questions. 

Dissociation in non-homogeneoua 
systems.—Wo shall consider first the allotro- 
pic change produced by heat in ordinary phos¬ 
phorus. When yellow phosphorus is heated 
in a closed space it is partially changed into red 
phosphorus; and when red phosphorus is 
heated it is partially converted into yellow phos¬ 
phorus. It is found that neither reaction is 
complete, but that the same limit is attained 
whether start from red or from yellow pho8» 


Curve representing the pressures of ordinary phosphors which limit the allotropio 
transfm'^nation of the phosphorus at different temperatures. 


mill. 



Sciiles: 1 inin. for 1 mm. of vapoar-pressure, uad 0*3 mm. for 1 degree of temperstoiSt 


Em. 2. 


Quantitative Experiments on Dissociation.— 
It is now our business to discuss the quantitative 
experiments which have been made on particular 
cases of dissociation. From a theoretical point 
of view these experiments fall into two classes: 

fo) Those made on the determination of the 
limit, and its dependence on pressure, tem^ra- 
ture, (ic. 

(fi) TJiose Tiferring to the velocity of the 
reaction. 

From an experimental point of view very 
difleront methods have to be adopted in different 
oases. In one class of experiments the obser¬ 
vations take the form of determinations of va¬ 
pour density at different temperatures and pres¬ 
sures. Experiments on velocity usually depend 
on the ordinary methods of analysis; and of 
course involve observations by the chronometer. 
In many oases observations of high tempera- 


phorua. If we start with yellow phosphorus, and 
heat it to a definite temperature in a closed 
vessel in connexion with a manometer, a 
transformation into red phosphorus will take 
place. Yellow phosphorus has a considerable 
vapour-pressure; the transformation will go on 
till the pressure inside the vessel reaches a cer¬ 
tain value; this value will be less than the 
maximum vapour-pressure of red phosphoms 
corresponding to the temperature, and is called 
the' limiting pressaj^e.’ If, on the other hand, 
we start with red phosphorus, the vapour- 
*presBure will diminish from the maximum to 
the limiting pressure. This pressure is found 
to be the same in both oases, provided the tem¬ 
perature is the same. Analysis of the residue 
gives the proportions of red and yellow phos¬ 
phorus. Each temperature has its definite 
limiting pressure. It we start with a small 
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qnantitT ot yellow phosphorus, and heat it in 
a vessel so large that it is not able to produce 
the limiting pressure corresponding to the tern* 
perature, no red phosphorus will he formed 
The phenomenon is, therefore, quite analogous 
to the yapourisatlon of a liquid according to the 
two oases when the conditions are such that the 
vapour is (a) saturated, or (fi) unsaturated. 

The accompanying curves (figs. 2,3,4) and 
numbers will give the results obtained. (The 
results are chiefly taken from Lemoine’s Etudes 
sur les ^jguilihr6& Ohimiques.) 


Ordinary phos- 

duoed* Quantities of ordinary phosphonu 

^ persisting at 440° at the end of: 

litre. 


Grams. 

gr. 

gr. 

gr. 

gr. 

gr. 

gr. gr. 

gr. 

S'9 (Lomolne) 

— 

— 

— 

2*9 



— 

6-9 id. 

— 


— 

6*3 


— 4*9 

4*f 

18-0 id. 

_ 


_ 

8-0 

— 

— ~ 


S4*0 (Hittorf) 
80*6 (Lemoine) 

16-5 

11*1 

70 

4*4 

_ 


— 

— 

— 

5-4 

4*0 

3*7 

3*« — 

— 


The comiuon limit Is 3*6 gnn. 


Curves representing the weights of ordinary phosphorus remaining at the end of different times, for 
a similar weight P of ordinary phosphorus introduced (Lemoige). 


Pafi‘8 gr. of ordinary 
phosphoras per litre. 





Pset4 gi;. of ordinary 
pboiphorBB per litre. 



Pw80 gr. of ordinary 
phoflptaoniB per litre. 



Fia. 3. 


1*8 gr. of red photphonu per litre. 




Fis. 4i 
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We may acooant for these same differences 
by calculating, according to the preceding data, 
Uie mean quantity of red phosphorus produced 
in one hour:— 


Ordinary phoipho- 
rus introduced par 
litre. 


Bed phosphorus formed in * 

in one hour at 440®. 


Time. 

from 0 to Sh.from 2 to Sh.from 8 to 32h. 


6*9 -f- 0075 ^ 0*015 

800 12*30 0*233 0*018 

Temperature 440®. 


Rad phospho¬ 
rus employed 
per litre. 


Quantities of ordinary phoaphorcis 
iu grams produced at the end of: 




ihT 

2h. 

81i. 23h. 

82h.'' 

30h. 47h. 

83b. 

1*8 

1 

0*80 

1*33 

— 


1*7 

— 

— 

4*9 

. 

_ 

1*62 

2*9 

_ 

— 

3*5 


8*32 

16 

1 

_ 

3*87 

4*6 


4*0 

— 


— 

30 


4*54 

4*76 

4*4 

3-9 

874 

— 

3-72 

— 

100 


_ 

_ 

4*2 




— 


1000 



— 

5*6? 

— 

— 

— 

— 

— 


It will be noticed that in some of the velo¬ 
city experiments, starting from red phosphorus, 
the vapour-prossure at first produced is higher 
than the pressure of the limit; this is explained 
by the previous history of the red phosphorus, 
of which it appears there are several allotropio 
modifications depending on the temperature at 
which they have been produced. This has been 
studied by Troost and Ilautefeuille and com¬ 
pletely explained. 

Cyanogen is slowly transformed into paia- 
cyanogen on heating. The velocity is very small, 
but appears to be greatest at about 500®. The in« 
verse reaction has a comparatively great velocity. 
There is a limiting pressure of transformation 
just as in the case of phosphorus. Observations 
are complicated by a continual slow decomposi¬ 
tion of the cyanogen into nitrogen and carbon. 
An analysis has, therefore, to be made of the 
residue before the correct limiting pressure can 
be obtained* The following are the numbers of 
Troost and Ilautefeuille: 


Temperaturea 

Frcsiiure. of tbe oy 

502® 

64 

506 

56 

559 

123* 

675 

129* 

687 

157 

699 

275* 

601 

318 

629 

868* 

640 

1310 


The numbers with a&toi'ii.ks have beeu cbtAtuedwltb 
paiacyaiiogeu prepared from cyanide of silver. The others 
nave been furnished by paraoyaoogeu prepared from 
oyanide of mercury, and perfectly freed from the metal. 


Cyanic add is converted into cyamelide and 
vice v&rsd. The velocity depends oh the tempe¬ 
rature i and it is by no means the same for the 
two reactions. A complication is introduced, 
because above 150® gaseous oyanio acid is trans¬ 
formed into solid cyanic acid; and below 150® 
cyamelide is produced. The production of a 
maximum vapour-pressure limiting the decom¬ 
positions is perfectly clear and definite. The 
numbers are— 


Temperatures 

X60® 170 180 195 215 227 251 380 350 


Transformation-pressures 
56mm. 68 94 125 157 180 285 740 1200 


Allotropio transformations of homo¬ 
geneous systems. Acetic acid. The vapour 
of acetic acid has long boon known to possess 
a vapour density greater than the theoretical 
density. This diminishes, however, as the tem¬ 
perature rises, or, in oiher words, the coefficient 
of expansion of acetic acid vapour between cer¬ 
tain temperatures is greater than it is for most 
gases. A discussion of the explanations ad¬ 
vanced to account for this has been already 
given. The data for the dissociation of acetic 
acid are given on p. 394 (Ramsay a. Young, C. J. 
49, 790). 

Nitrogen tetroxide (Deville and Troost, C. R. 
64, 237). The relation between the vapour- 
density and temperature of nitrogen tetroxide 
under ordinary pressures shows that at about 
150® the change of tetroxide into a gas of the 
molecular formula NOj is complete. The num¬ 
bers are as follows 

Dissociation of nitrogen tetroxide N^O,. Sp. 


gr. ol N,0, 

=3-18; 

of NO,NO.=1-59; (aii-l). 

Temp, 

Sp. gr, of 
gas 

Percciitai'o 

dissociatiou 

Mean Increase in per¬ 
centage dissociation 
for lO'* rise of tem¬ 

26-7° 

2-65 

19*96 

perature 

... 6*6 

... 8*1 
. . . 11*0 

. . . 12*1 

... 13 
. . . 10-4 

... 8*8 
... 4*4 
... 3*1 

. . . 8*b 

... 1-8 


2-68 

25*65 

SO-O" 

2-46 

29-23 

49-6'> 

2-27 

40*04 

60-2=‘ 

2-08 

62*84 

70° 

1-92 

65*57 

80-0° 

1-80 

76-61 

90° 

1-72 

84-83 

1001° 

1-68 

89-23 

111-3° 

1-65 

92-67 

121-6° 

1-62 

96-23 

135° 

1-60 

98-89 

164° 

Troost, 

1*58 100 

continuing the experiments in 1878 


at very low pressures, finds that at temperatures 
as low as 27® complete dis^ooiation may take 
place. 

Naumann gives a large series of numbers, as 
in the case of acetic acid vapour, between tem¬ 
peratures of — 6® and + 22’5® and pressures of 
84 to 301 mm. Another determination of the 
density of nitrogen tetroxide vapour has been 
made with extreme care by E. and L. Natanson 
{W. A. 1886.164). 

As has been already stated, Berthelot and 
Ogier have measured the specifio heat of acetic 
acid and nitrogen tetroxide vapours. The method 
adopted was l^gnault’s \ care was taken in the 
case of nitrogen tetroxide tohave all the apparatus 
made of glass. The specifio heats were of course 
measured under constant pressure. Through the 
range of temperature over which it undergoes 
change, the specifio heat is enormously greater 
than the mean speoifio heat of permanent gases 
formed from their elements with condensation. 
For the latter Begnaultegives, for nitrous oxide, 
fo{ instance; 

Molecular specifio heat 8‘76-f00554 

And for carbon dioxide 8*23 •01177<j 
while for gases formed without condensation we 
have practically the same value without a tem¬ 
perature-coefficient, at least up to 200®. For 
some organic substances the speoifio heats are 
much greater. Wiedemann gives as follows •-** 
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Uoldonlar spociflo beat 

Ethyl bromide.... 14*76 + -dZHSt 
Acetic ether. .... 24*1 +*0765i 
Benzene. 17*45 + *0798^, 

while for acetic acid and nitrogen totrozide tiio 
Bpecifio heat rises abovi 60“, and the tempera- 
tare-coefficient is itself a fnnetion of the tempe¬ 
rature. The following numbers will make tlie 
results of Berthelot and Ogier clear:— 


Temperatitre latorvwl 

Total heat 
absorbed by 

1 gram, 
molecule of 
N,0. ex¬ 
pressed io 
gram- 
degrees 

ileitn mole- 
oularspf’clfto 
lioiit for 
the raii;rc 
specified 

27° to 67° (40 degrees 


2988-0 , 

74-7 

67° „ 103° (36 „ 


2050-8 

57-0 

103° ,,150° (47 „ 


1271*1 

27*0 

160° „ 198° (48 „ 


4.16*1 

9*1 

198° ,, 263° (56 „ 


463*4 

8*9 

253° ,,289° (36 „ 


594*2 

12*9 


This table shows that the heat absorbed is 
very great, even at 27®, and the specitic heat di¬ 
minishes till the temperature of 150'^ is reached. 
From there it remains fairly constant till the 
temperature rises to 253'^, and above that it in¬ 
creases. Berthelot subtracts from the values 
given above, the heat which would be taken to 
raise the temperature of a non-dissociable gas 
through the same ranges, adopting Begnault's 
formula, moleo.sp. heat * 8*76 + *00o5t. The re¬ 
maining heat is probably taken up in dissocia¬ 
tion-work; assuming this to be the case, Berthe¬ 
lot oaloulates the amount of dissociation which 
shonld take place, and compares the result with 
the numbers obtained by Naumann and Salet as 
deduced from observations on the vapour density. 
It will be seen tha^the numbers agree as well as 
could possibly be expected, bearing in mind 
the nnavoidable experimental errors of such a 
difficult operation as a determination of the 
specific heat of a gas. 


Decomposition between 
diCTci-cnt temperatures aa 
deduced from heat absorbed 

DeoompMitlon between 
different temperatures de¬ 
duced b; Naumann and 
Salet from vapour density 
observation 


Decompo- 


Dteompo- 

Range of tom- 

eltloii in 


eition iu 

perature 

tapes of 

perature 

tapes of 


total 


totid 

27° to 07° 

mm 

Below 26° 


67° „ 103° 


26° to 70° 

35*6 

103° „ 150® 


70° „ 100° 

23*6 


mu 

J00“ „ 136° 

9-5 


79-5 


68-7 


The agreement will bo better seen from the 
curve (fig. 5). In order to compare the two 
effects the ordinates are proportional to the 
quantities of heat absorbed for one curve, and 
proportional to the decomposition in the other. 
The abscisste give the temperatures. It will be 
seen that the agreement is very close; if it were 
complete the curves would coincide. It is still 
closer, however, for acetic acid vapour, for which 
Berthelot and Ogier have made similar experi¬ 
ments and calculations. The curves will explain 
this; for the actual numbers v. the original 
paper. An extension of Gibbs* tbermo-dynamio 
theory has been made to embrace these variations 
of specific heat by Duhem {J. dc Fh., July 1886). 
The calculated and observed variations seem to 
agree fairly well. 

Iodine .—The vapour-density of iodine varies 
with temperature and pressure. A very fall and 
complete study by Grafts and Meier has been 
made of the vapour of iodine (v. curves, fig. 6 ). 
The results may be summarised by saying that 
from 300° to 700® iodine vapour behaves like a 
perfect gas; at 700® the relative density of the 
vapour begins to diminish under all pressures, 
and this continues till the temperature reaches 
a value of about 1,500®, when the vapour again 
conforms to the gaseous laws. The two states, 
below c. 700® and above 1,500®, correspond to the 


Acetic acid. Theoretical vapour-density (11= 1 ) 29*92. 
Pressure in mm. 


sr 

e 

-H- 

10 

40 

100 

300 

too 

1000 

2000 

6000 

10000 

16000 

20000 

24000 

40° 

60° 

60° 

70° 

80° 

100° 

120° 

140° 

160° 

180° 

200° 

220° 

240° 

260° 

260° 

64-22 

60-62 

47- 04 

48- 65 
40-46 
86-63 
82-76 
81-32 

63-61 

60-38 

47-12 

43-86 

87-92 

84-01 

32-12 

61-21 

48-08 

41-81 

36-50 

8*-72 

82-10 

81-17 

48-60 

42-79 

38-05 

34-77 

32-66 

46-71 

41-42 

36-88 

34-01 

40-81 
, 41-80 
87-39 

47-81 

42-58 

88-64 

86-82 

84-00 

82-89 

82-21 

47-99 

42-39 

38-79 

86-39 

34-66 

. 

47-60 

42-80 

89-10 

63-00 

46-46 

61-34 

CO-70 
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lormulffi I, and I reapeotiyely. Considering the 
rate of dissociation and its relation to pressure 
we may say that the rate of dissociation per 
degree of temperature becomes greater as the 
pressure diminishes. These changes are aocom* 
panied by a change of the absorption-spectrum* 
(Salet, BL 1873. 674). 

Dissociation of compounds. 

I. Systems that are not homogeneous. 

Carbonate of calcium. 

Bibliography.—(0. B. 64,603); Wein- 
hold (P. 149 ; J. 1874.119); RaouU (0. R. 1881. 
189); Birnbaum and Maher {Bl. 1880. 88); 
Wiedemann (P. Jubelbd. 1874. 474; J. pr. [2] 9, 
338). ' • 

Debray made the first research on this sub¬ 
ject. His method consisted in heating Iceland 


Debray found it, and that the variations of pres¬ 
sure are never regular. RaouU finds that, start¬ 
ing with quicklime and COj, combination takes 
place with incandescence at about 550^. The 
compound formed has, however, the formula 
(Ca0)2C02. This compound is capable of ab¬ 
sorbing more carbon dioxide, though the velocity 
of the reaction is very small; in twelve hours 
after a continual passage of a stream of GO, 
over the compound, analysis shows that a body 
of the composition 4Ca0.3C02 is produced, 
and an extremely slow absorption still goes on. 
Kaoult also finds that the amount of carbon di¬ 
oxide absorbed depends on the previous history 
of the quicklime and that it is much less ab¬ 
sorbent if it has been previously heated to a 
high temperature. Wiedemann finds that much 



For the acetic acid ourvea the temperatare scale is 
puppoeed to be Increased by 100®. The heat a»)sorl>Gd 
l>etween 120® and 280® ia divided into 100 parts, as is the 
change of vapour-density. 


For the iiitrog<-n tcti oxi'le the amount of heat abwrbed 
botA’con 127° to IDS® divided into 100 parts, as is the 
dlssoji.ition as given by Kaiiaiauo and Salet. 


FlO. fi. 


spar in a vessel connected with a manometer 
and air-pump; an arrangement providing for the 
introduction of carbon deoxide was alsoattached 
to the apparatus. Decomposition of the calcium 
carbonate begins at 440®, the crystals becoming 
opaque owing to changes j^t the surface. Above 
this point the phenomenon of limiting pressure 
depending on the temperature ia cfbserved. Ac¬ 
cording to Debray the limit is the same whether 
we start from calcium carbonate in a vacuum, or 
from quicklime in an atmosphere of carbon di¬ 
oxide. If in any case the pressure is kept below 
the limiting pressure corresponding to the tem¬ 
perature, the Iceland spar^will be completely 
decomposed. 

Vapour-pressure at 860®- 86 mm. of mercury. 

„ 1040®-620 mm. 

Weinhold, repeating these experiments, finds 
that the pressure of CO, is always greater than 


(lopcnds on the crystals of Iceland spar selected 
being previously carefully dried. Debray ia 
probably substantially correct in his general de¬ 
ductions, but not in his experiments. 

Hydrated saZ^s.--Efflorescence (Debray, C.B. 
1868. 194). In general, the same phenomena 
are observed in heating hydrated salts as in 
heating calcium carbonate. There ia a definite 
limiting pressure for every temperatare; this ia 
the same whether the water-vapour exists by 
itaelf or in presence of air. In fact the hydrated 
salts act very much Hite liquids in their appre- 
Qtatlon of ' partial pressures.’ The phenomena 
are modified in accordance with the fact that 
each salt is generally capable of forming more 
than one definite hydrate. 

The numbers observed by Debray for orya- 
tallised sodium hydrogen phosphate will 
serve as examples. (Na2HP04-t-24H,0) and 
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(Na,HPO| + 14H,0). / is maximum vapoaT* 
pressure of the salty F Is pressure of water- 
vapour at same temperature:_ 


Xemperatarei 


o 

12-3 

163 

20- 7 

21- 9 
31-6 

86'4 (the (alt melted) 
400 


Phosphate of Phosphate of 
Bodiuxn ooQ- Bodiom contalQ- 
Islotngfrom IngalittleleBS 
l4toS4H.O tWl4H«0 


mUUmetrtt miUimetres 

7-4 0*694 4*8 0*462 

9*9 0*717 6*9 0*500 

14*1 0*776 9*4 0*517 

18*2 0*777 12*9 0*661 
80*2 0*819 21*3 0*618 
39*5 0*877 30*6 0*678 
60*0 0*901 41*2 0*760 


Wiedemann has observed the relation be¬ 
tween l im i ti n g pressure and temperature for the 
following salts* 


MgS04.7H,0 


Temp. 

Pressure. 


mra. 

24-3 

17-8 

35 

35-6 

40 

47-2 

40-3 

46-8 


Temp. 

Preaeuree 


mm. 

60 

75-7 

60 

122-6 

70-4 

190-3 

80 

276 



CoSO,.7H,0 


Temp. 

PressQres 

Temp. 

Pressuree 


mm. 


mm. 

22-1 

115-9 

66 

168-2 

86 

34-6 

76 

262-6 

36 

35-6 

76 

254-7 

45 

02-3 

85 

377-4 

46 

06 

90 

447-9 

66 

106 




NiSO,.7H.O 


Temp. 

Pre-esurea 

Temp. 

Pres.iiroa 

° 

mm. 

0 

Him. 

26 

19*3 

66 

163-8 

35 

30*4 

66 

165-9 

35 

.38*4 

• 75 

261-6 

46 

03*7 

83 

312-6 

66 

105*0 




Sulphate of iron FeSO*.7H.p 
(The crystals melt at about 90^) 


Temp, 

Presauree 

Temp. 

Preasures 


mm. 

o 

mm. 

20 

10-9 

66 

163-4 

30 

20-3 

65 

160-9 

40*2 

40-1 

76 

263-9 

50 

74-8 

86 

397-7 

65*2 

103-5 

93-5 

648-9 

60 

131-3 




ZnSO<.7H,0 

(The crystals melt at 70*5°) 


Temp. 

Pressures 

Temp. 

Pressures 


mm. 


Dim. 

16-6 

113-9 

60 

116-6 

80 

20-3 

70 

170-8 

40 

44-3 

75 

221-2 

40 

43-6 

86-6 

376-4 

60 

73-1 

90 

427 

60 

74-5 




Naumann has studied the efflorescence of 
sulphate of copper very carefully, and it is 
chiefly through his researches that the influence 
of previous history and the precautions neces¬ 
sary in observing the eqnilibrium of slow velocity 
changes have been brought to light. Those ex¬ 
periments show very clearly how the velocity 
depends on the state of the salt with respect to 
the size of its particles. In the case of crystals 
a sloyr progressive change goes on as the inner 
portions become dehydrated, and it is only when 


Oiave r^esenting the density of iodine vapour at different temperatures and at differefK preuures 
according to the experiments of Crafts and Meier (Lemoine)* 



Fto.e. 
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the oomposition of the crystals is uniform Oxide of Widium (H. 6t. G. Deville and 
throughout that the equilibrium is obtained. Debray, C. R. 1878. 441).—A clear example of 
Carbonates of manganese and silver (Joulin, dissociation. Limit at 823'^ is 5 mm., and at 
A. Oh. 1878.276).—The velocity of the reaction is 1189®, 743 mm. At 1000® the limiting pressure 
very slow; and the influence of the previous is greater than the partial pressure of oxygen in 
history is even more marked than in the case o^ the air at atmospheric pressure; it follows from 
carbonate of lime, so much so that the author this that at temperatums below 1000® the iridium 
considers that allotropio modifications of the oxide can decompose in air, and at temperatures 
salts exist, and that these have different vapour above this iridium is non-oxidisable. 
pressures. Carbonate of silver appears to be Compounds of metallio chlorides with am- 
oven more irregular in its behaviour than oar- tnoma, studied by Isambert (O. B. 1878).—The 
bonate of manganese. Lemolne has summed curves (taken from Lemoine) will suffice to ex- 
up those experiments as follows. After laying plain the matter sufficiently (fig. 7). 
down the simple principles as deduced from ex- Chloride of sulphur^ and the compound 
perimonts on carbon 9 ,to of lime he says: * Mais formed by the combination of cuprous chloride 

Cui-vcs representing the p-essures of ammonia-gas which limit the dissociations of 
ammoniacal chlorides at different temperatures. 


20 40 eo too ISO 160 180 200^ 



Tempersturea* 

Bo&Ies: 0'6 mm. for 1 degree of tomperatore, and 6'0 mm. for 100 mm. of preenra. 

Fio. 7. 

11 pout BO presenter dos oas oh la oombinaison, and carbonic oxide, appear to dissociate, and 
tout en se faiaant en m8me temps que la ddoom- have given rise to some discussion (Berthelot, 
position, soit si lente queHoutos sortes de cir- A. Oh. [8] 46, 48; Michaeils, A. 170; Isambert, 
Constances aooidentelles influent ^ur elle t il 0. B. 1878). 

pent se faire que les 4l4ments mis en liberty Metallic hydrides (Troost a. Hautefeuille, 
^prouvent des modifications allotropiques, au C. B. 1874 a. 1875).—These researches have 
moins commenpantes, qui gfinent leur combi- shown that hydrogen may be associated with 
naison nouvelle. Dans tons ces cas, I’dtablisse- metals in three differegt ways1. By simple 
ment d’une tension limite, tout en 6tant I’ex- condensation as in the well-known case of 
pression g6n4rale du ph5nomMe, se manifestera platinum black. 2. By solution. 8. By obemi- 
moinsnettement, parce quekioiestcompliqu5e cal combination. Heating the substance in a 
par diff6rentes oirconstances aocessoires.' closed space in connexion with a manometer and 

Mercvaic oxide (Myers, Bl. 1871).—The air-pump will at once show whioh of the three 
experiments are so complicated by the vapour forms of combination is exhibited in any special 
of mercury set free that no useful information instance. It the gas is simply condensed 
has yet been drawn from them. there will be no definite relation between the 
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prossQie &nd Uie temperature. It generally 
happens that the second and third order of 
phenomena are exhibited together. In this case 
the gas that is dissolved will be simply evolved 
on heating, and will leave a more or less definite 
compound having a definite limiting Association' 
pressure. • 

For instance, potassium hydride KM ‘ dis* 
solves ’ forty times its volume of hydrogen, so 
that on heating and exhausting this gas is 
evolved. It would probably, however, be more 
accurate to say that two or more hydri As may 
be formed of Afferent degrees of stability. On 
raising the temperature we get a definite dis¬ 
sociation of the potassium hydride which re¬ 
mains. The numbers are:— 

Preasom of Pressoroa of 

Temi)craturea dissociation Temi>crature8 dLssooiation 
® mill. ® mm. 

830 46 390 , 363 

340 63 400 648 

360 72 410 736 

360 93 420 916 

370 122 430 1,100 

880 200 


Palladiutn hydride giTMl 

Pressures of FressurM of 

Temporaturea dissoclatioo Temperaturu dluociaUoa 

® mm, ® mm , 

20 10 120 467 

40 25 140 812 

60 60 160 1,475 

80 106 170 1,840 

100 232 


The compound formed by chlorine and water 
dissociates very readily, giving the curve shown 
in fig. 8. 

Hydrogen sefenufe.—The dissociation of this 
gas has been studied by«Ditte (0. i2. 1872. 
980). It apparency presents the extraordinary 
anomaly of the olssooiation-pressure not in¬ 
creasing continuously with the temperature. It 
must be noted, however, that below the tempera¬ 
ture of 270° the velocity of the reaction is so 
small that the composition of the gaseous mix¬ 
ture has to be determined by a sudden cooling 
of the sealed tubes containing the gas, and a 
subsequent analysis of their contents. It may 
be very fairly asked how, in the first place, this 


JHsiociation of chtorine hydrate^ 



Tomiver*t*irci. 

goalcs: 6 mm. for one degcree of temperstore, 6 mm. for 100 mm. of presenr*. 

Fio. 8. 


And for sodmm hydride, in which hydrogen is 
much less soluble, the numbers are:— 

PreMnrMof Preesnrea of 

rewperaturM dissociation Temperatures dissociation 
® mm. ® uim. 

830 28 390 284 

840 40 400 447 

350 67 • 410 698 

860 76 420 752 . 

370 100 430 910 

880 160 


procedure gets over the velocity difficulty, and, 
in the second place, whether it is likely to give 
any information at a^l seeing that no cooling 
can take place in an infinitely short time. The 
following numbers will give an idea of the 
velocity of the reaction when selenion is heated 
with hydrogen 

Temperature of 850°. 

Proportion per Proportion pM 

Number of lOOofH^o Number of lOOofH-Se 

boors formed hours formed 

10 31*4 63 87*6 

24 33*1 74 87 

26 84*8 M 87*8 

44 86*8 



MSSOOIATIOTf. 


Kambcr of 
hoars 

15 

21 


Temperature of 440°. 

Proportion per I 


100 of H.So 
formoil 

46-8 

48-8 


Kmnbcr of 
hours 
69 
165 


Proportion per 
100 of n,8a 
formed 
60'6 
61-5 


The effect on the velocity of changing the 
pressure of the hydrogen is small, and acts so 
as to diminish the velocity when the pressure 
increases; but the limit of the reaction was 
probably never attained in these experiments. 
The effect of porous bodies has also been studied 
by Ditte, and the result is that a small but 
dcfuiite increase of velocity is due to their 
action, which is less marked, however, at high 
than at low temperatures. 

Ammonia a'nd carbon dioxide (Naumann, 
A. 84; Horstmann, A. 1887).—The limiting 
pressures of dissociation of ammonium carba¬ 
mate are given by Naumann as follows;— 


Tempera¬ 

Pressures of 

Tempera¬ 

Pressures of 

tures 

dissociation 

tures 

dissociatiou 

o 

imn. 


mm. 

-15 

2*6 

20 

97-5 

-10 

4*8 

30 

124 

- « 

7-6 

30 

J91 

0 

12-4 

40 

248 

6 

22 

40 

354 

10 

29'8 

50 

470 

1C 

46-5 

55 

600 

20 

62-4 

60 

700 


The velocity is small and increases with the 
temperature; it also largely depends on the 
extent of surface exposed by the carbamate. 

Naumann and Uorstmann have studied the i 
effect of the presence of an excess of ammonia , 
or carbon dioxide. They find that the effect of j 
an excess of either gas is to hinder the dissocia- | 
tion. In other words, the limiting pressure is ' 
diminished by the presence of an excess of 
cither gas. This does not appear to be the : 
same for the same excess of either gas. With a 
given excesi the limiting pressure is greater . 
in carbon dioxide than in ammonia. I 


Case in which carbon dioxide is in excess :— 


t 

o 

« 

a 

I 

Total 
pres¬ 
sure ob¬ 
served 
after 
mixture 

V 

Partial 
pres¬ 
sure of 
the gas 
added 
in 

excess 

P 

s 

g 

!§ 

fl 

P-tr 

Vapour. 
prcf-Hiire of 
the i'arba- 
mate iu a 
vacuum at 
temperature 
considered 

P 

Ratio 

P 

- 

Ratio 

J», 

P 

o 

intn. 

mm. 

mm. 

mm. 



20-4 

78-9 

33-6 

45*4 

00-2 

0-52 

0-71 

21-8 

105*8 

69-9 

36*9 

.71*0 

0*98 

0-81 

18*3 

112*4 

87-4 

25*0 

65*0 

1*50 

0-45 

18*3 

145*4 

122*3 

23*1 

65-0 

2*22 

0-42 

17-9 

167-9 

148*9 

19-0 

53-3 

2-79 

0-36 

18-6 

203-4 

185-5 

17-9 

66-3 

3-28 

0-32 

17-9 

193-3 

176-7 

17-G 

68-3 

3-30 

0-33 

17-8 

226*3 

208*4 

16-9 

63*0 

3*93 

0*32 

17-6 

248*6 

228*5 

15*1 

62*3 

4*37 

0*29 

18C 

302*9 

288-3 

14-6 

66-6 

6*10 

0*26 

17-7 

297-6 

285*6 

12*9 

62 ’Q 

6-43 

0-24 

17-7 

328*8 

316-8 

13-0 

62-6 

6*99 

0-26 

18'4 

853-7 

340-7 

13-0 

66-6 

6-14 

0-23 

18-4 

426-4 

416-8 

9-6 

66-4 

7-62 

0-18 


Case in which ammonia is in excess :— 


.1 

A 

i 

Total 
pres- 
Bare oth 
served 
after 
mixture 

w 

Partial 
pres¬ 
sure of 
the gras 
added 
in 

excess 

P 

1 

" ft 

P-ir 

=P> 

Vapour- 
pressure of 
the carba¬ 
mate in a 
vacuum at 
-eniperatiu’e 
coiibidurcd 

P 

Ratio 

P 

P 

Ratio 

Py 

P 

0 

ram. 

mra. 

mm. 

mm. 



21*8 

69-6 

24*4 

45-1 

70-9 

0*36 

0*67 

20*6 

75*2 

35*4 

39*8 

66*3 

0-64 

0-61 

20-8 

86-9 

57*1 

29-8 

06-2 

0-86 

0*45 

17*7 

68-9 

48*6 

30*3 

62-6 

0-92 

0-39 

20*8 

88*5 

66*1 

22*4 

66-2 

1*00 

0*34 

22*0 

103-5 

89*1 

14*4 

72*1 

1*24 

0*20 

20*8 

108*1 

93*4 

14-7 

66*2 

1*41 

0*22 

20-4 

111*8 

92*6 

19*2 

64-3 

1-44 

0-30 

17*3 

99-7 

• 86 0 

13-7 

61*2 

1-68 

0-27 

21*7 

132*1 

125*2 

6-9 

70-4 

1-78 

0*10 

20-7 

164-6 

141*6 

12-9 

65-8 

2*16 

0-20 

17-3 

128*0 

1100 

9-0 

61*2 

2*33 

0-17 

21*7 

168*1 

165*8 

2*3 

70*4 

2-36 

0*03 

17*4 

166 5 

146*4 

9*1 

51*5 

2*84 

0-18 

21*6 

203*3 

201*2 

2*1 

69-9 

2*88 

0-03 

21*7 

235*0 

232*9 

2*1 

70*4 

3-31 

0*03 

17*1 

180-3 

173*3 

7-0 

60-6 

3*43 

0-14 

20-6 

231*1 

226*4 

4-7 

66-3 

8-47 

0-07 

21*8 

293-6 

292*2 

1-6 

70-9 

4-16 

0-02 

20*8 

296*6 

289-2 

6*4 

66-2 

4*43 

0*10 

21-6 

325*9 

324*8 

1-1 

69-9 

4-61 

0*03 

21*9 

374*5 

372*2 

2*3 

71-6 

6-24 

0*03 

20*5 

417*4 

416-2 

1*2 

64-8 

6-42 

0-02 

17*8 

359*8 

355*3 

4-6 

63-0 

6-71 

0-08 


11. Dissociation in homogeneous sys‘ 
terns. —Tlieoretically hy far the simplest cases; 
numerical results are, however, obtained with 
greater difficulty than in the oases last con¬ 
sidered. 

Amylenc bromide (Wurtz* 0. B. 60, 729). 
CjH,|Br dissociates when heated into amyiene 
and hydrobromic acid; the dissociation is com¬ 
plete at 360*^. Wurtz measured the thermal 
changes produced by mixing amyiene vapour 
and hydrobromio acid, and found that at 860® 
the change was zero, and became increasingly 
positive as the temperature fell {C. B. 72). Here 
then we have for the second time a proof of 
dissociation; the heat of combination of amyl- 
eno and hydrobromio acid bears a simple relation 
to the amount of dissociation as deduced from 
the vapour density observations. Want of agree¬ 
ment, however, was noticed in some experiments, 
and attributed by Wurtz to the limit^ not 
being obtained in all cases since the velocity is 
small. 

Phosphorus pentachloride PClj. Owing to 
the researches of Wurtz on the vapour density 
of this body we may oonsider that, subject to 
the application of Avog*Iro’8 law, ffissooiation 
has*in this case been demonstrated. The pri¬ 
mary object of Wurtz’s experiments was to find 
whether the vapour of phosphorus pentaohloride 
conformed to the law of Avogadro; assuming 
this to be the case, it follows that dissooiation 
must take place in the observed oases of ano¬ 
malous vapour density. Applying the prinoiplt 
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of ihe aotion of mass, Wurtz hit on the notion 
of measuring the Tapour density of the penta- 
ohloride when it was Taponrised into an atmo¬ 
sphere of phosphorus trichloride vapour. From 
the analogy of other experiments the effect of 
the trichloride should be to prevent dissociation,, 
supposing it to take p^ce under ordinary oir- 
oumstanoes. This was found to be the case, 
and thus it was proved that phosphorus ponta- 
chloride does obey Avogadro*s law; or if we as¬ 
sume that Avogadro’s law expresses the very 
nature of the gaseous state under all circum¬ 
stances whatever, then the dissociation of the j 
pentaohloride under ordinary circumstances may 
be considered to be demonstrated. 

The experiments of Gabours were made at 
ordinary pressures; of Wurtz and of Troost and 
Hantefeuille at low pressures; the low pressures 
were produced by Wurtz by the method of mix- 
ing air with the vapour, and by Troost and 
Hautefeuille directly by means of an air-pump. 
The numbers are:— 


Ea^riments of Calwun at atmospheric 
pressure. 


1 

Oi 

I 

frt 

Vapour 

Dcuslty 

Batio 

X 

of PCI, combined 
to ^1, possible 

Ratio 

1—X 

of PCI, ilH.-.ocialcd 
to PCI, po-^sible 

« 

182 

6-078 

0-58 

0-42 

190 

4-987 

0-65 

0-45 

200 

4-861 

0*51 

0*49 

230 

4-302 

0*32 

0*68 

260 

8*991 

0*20 

0*80 

274 

8-840 

0*12 

0-98 

288 

2*67 

0-03 

0-97 

289 

S-69 

0-04 

0-96 

800 

8-664 

0*02 

0-98 

327 

3-666 

. 0-02 

0-98 

336 

8-656 

002 

0-98 


Experiments of Wurte. 

Law pressures obtained by the diffusion of 
the vapour into air. 


I 

Ft 

Partial pres- 
eore sus¬ 
tained by 
thediflufi^ 
vapour 

Density of 
the vapour 
of the 
per- 

oblorlde 

Ratio 

X 

of PCI, 
combined 
to PCI, 
possible 

Ratio 

1 —X 

of PCI, 
dissociated 
to PCI, 
possible 

0 

mm. 




129 

170 

6-63 

0-91 

0-09 

129 

166 

6-31 

0-86 

0*14 

129 

191 

6-18 

0*83 

0-17 

137 

148 

6-47 

0-88 

0*12 

137 

248 

6-48 

0-88 

0-12 

137 

234 

6-42 

0-87 

0-13 

187 

281 

6-48 

0-89 

0*11 

187 

239 

6-64 

0-90 

0*10 

146 

311 

6-70 

0*92 

0-08 

146 

807 

6-33 

0-86 

0-14 

146 

391 

6-65 

0-90 

0*10 

_ 


Experiments of Troost and Hautefeuille, 
Low pressures obtained directly by a parinaX 
vacv/im. 


Temperatures 

Pressure of 
the 

vapour 

Density of 
the vapour 
of tbe 
per- 
chloride 

Ratio 

of PCI, 
combined 
to PCI, 
possible 

Raiio 
l-r 
of PCI, 

dissoriutt'd 
to PCI, 
possible 

o 

mm. 




144-7 

247 

6-14 

0-82 

0-18 

148-6 

244 

5*064 

0-79 

0*21 

160-1 

225 

5*880 

0-77 

0*23 

151*7 

221 

6-619 

0*72 

0*29 

167*6 

221-8 

6-418 

0*67 

0*33 

175*8 

253*7 

6*235 

0-62 

0*30 

178-5 

227*2 

5*150 

0-60 

0-40 


The results of Troost and Hautefeuille are 
probably the best, because there is reason to 
suppose that the limit was not always reached 
by Wurtz, and he had no right to treat the 
vapour as accurately fulfilUng the law of Boyle. 

Lemoine has calculated the influence of an 
excess of trichloride vapour from the experi¬ 
ments of Wurtz and Cahours. 

Hydriodic acid (Lemoine, C, B, 1876 and 
1877 ; A. Ch. 1877).—Hydriodic acid was chosen 
by Lemoine as the subject of an exhaus¬ 
tive series of experiments for the following 
reasons. The chemical constitution of hydriodic 
acid is the simplest possible for a compound; 
the products of its dissociation are gaseous at 
manageable temperatures, and the thermal 
changes undergone during dissociation are very 
small; the velocity of the changes is large 
enough to bo manageable. 

Velocity of formation or decomposition of 
hydriodic acid varies enormously with the tern- 
perature. At 440'^ equilibrium is restored 
almost in an hour; at 350*^ days aie required; 
while at 260° the period is one of months. The 
decomposition of hydriodic acid at 260° appears 
to be much slower than the combination of 
hydrogen and iodine vapours. 

Ration of free to total hydrogen at the end 
of 8 hours, beginning with (a) hydriodic acid, 
(6) mixture of hydrogen and iodine. 

Temporatorw Hy(Jriodlo sold 

360° 0-03 0*69 

440° 0-22 0*25 

Again, the velocity depends on the pressure, 
being greater the greater the pressure. Thus, at 
the end of 8 hours — 

At a pressure of 4 atmospheres 0*44 free, 
leaving 0*66ucombined. 

At a pressure of 2 atmospheres 0*69 free, 
leaving 0*31 combined. 

At a pressure of 1 atmosphere 0*97 free, 
leaving 0*03 combined. 

At the end of 84 hours we shall have— 

At a pressure of 4 atmospheres 0*29 free, 
leaving 0*71 combined. 

At a pressure of 2 atmospheres 0*48 free, 
leaving 0*62 combined. 

At a pressure of 1 atmosphere, 0*61 free, 
leaving 0*39 combined. 
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The relation of velocity to pressure is rendered 
clearer by the curves shown in figs. 0,10» and 11. 

The horizontal lines represent the time in 
days. The vertical lines represent the relation 
of the free hydrogen to the hydrogen introduced 
(free hydrogen persisting if we begin with iodine* 
and hydrogen; set at liberty if we start with 
hydriodio acid). 

The value of the limit varies with the tern* 
perature and pressure, but varies much less than 
the velocity. The variation appears to be regular. 
The effect of pressure is very small but real, and 
more marked at high temperatures than at low 
ones. Compression appears to make combina¬ 
tion more complete. « Special care was taken to 
insure the attainment of the limit. A small 
correction has to bo made for the action on the 
glass, this has been determined experimentally 
and found to mako the corrected value of the 
limit greaterthan the uncorreotod value: a very 
curious result. The ratio of free to total hydro¬ 
gen at 4'5 atmospheres is increased about 4 p.o., 
and at 9 atmospheres about 14 p.o., but these 
actual values can hardly be considered quite 
satisfactory. The curve shown in fig. 12 indicates 
the relation between the limit and the pressure. 


Hydrogen and iodine vapour heated to 440® 
in variable pro^tionSt the presatire remaining 
constant (Lemoine). 


Duration of 

Pressure at 

Ratio of the 


the experi¬ 

440® of the 

eqalToIents 

Ratio of frM to 

ment in 

hydrogen 

mf iodine and 

total hyilrosea. 

hours 

alone 

atm. 

hydrogen 

n 

2-20 

1-000 

0-240 

5 

2*33 

0-784 

0-860 

4 

233 

0-627 

0-647 

22i 

2-81 

0-258 

0-774 

26 

0-87 

1-860 

0-124? 

(Hautefeuille) 

tt 

0-45 

1-000 

0-260 

8 

0-41 

0-628 

0-676t 

14 

0-45 

0-580 

0-614t 

n 

0-4G 

0-561 

0-600 f 

22 

0-48 

0-626 

0-568 

225 

0-48 

0-266 

0-7947 


t Tho?o fKree experiments, which lasted respectively 
S, 14, and hours, were nob suffloiently prolonged, and 
the limit was not reached. 


In considering the gaseous volumes for a 
point, wt, in the curve (fig. 13), pm is the volume 
of hydrogen remaining free, mr is the volume of 


Curves representing the proportion of gas remaining free in a mixture of hydrogen and iodine 
vapour in equal volumes, or in hydriodio acid heated to the temperature of 350® (Lemoine). 
Prossuro = 4 atmospheres. 

Hydrogen and iodine. 



Prcsniro = 2 atmopphercs. 
Bydrogoii and iodine (descending oarre)» 
HyUriedio acid (ascending curve). 



The ordinates marked *by points represent 
the relation of the free bydrogen^to the total 
hydrogen calculated when the action of the 
glass is neglected; the ordinates marked by 
crosses represent the same relation, taking this 
action into account, for eight hours’ heating. 

Excess of one of the elements has the same 
effect as diminishing the pressure as far as 
velocity goes, that is, velocity diminishes with 
an excess of either element. 

The infiiience on the value of the limit is 
much more marked. * An excess of either element 
gives stability to the compound.’ This is shown 
by the curve (fin. 13) and the following table 
VOL. II. 


hydrogen combined, and consequently also the 
volume of iodine vapour combined; me volume 
of iodine vapour introduced •"•Arsirij; (since AB 
is inclined at 45 degrees); mq is therefore the 
volume of iodine uncombined. The ratio of the 
hydriodio acid dissooia^d to the hydriodio acid 
possible is therefore that of the lines mq and rq. 
If*all the iodine combined, the curve would be 
reduced to the straight line AB. If with an in¬ 
finitely small quantity of iodine there was no 
dissociation, the curve would be tangential to AB; 
this, however, does not occur. 

We may take from the curve the ratio of the 
hydriodio acid dissociated to the ‘ possible' by* 

DD 




402 


DISSOCIATION. 


driodio aoid, that U to say, the amount of hy- 
driodio acid which would be formed were all the 
iodine taken up by the hydrogen. In the case 
where the temperature is 440*^. and the partial 
pressure of the hydrogen is 2*3 atmospheres, we 
get the following « 

Batlo of the number Ratio of III d!8> Ratio of HI per* 
of equlraleats of sooiatod to HX slstent to U1 
Iodine and hydrogen possible possible 

VOOOH + I 0-24 0-76 

1-OOOH +0*7841 0*17 0*83 

1*000H +0*6271 014 086 

1-000H+0-2581 0*12 0-88 

Again, if we cause 1 equivalent of iodine to 
aot respectively on 1, 2, 3, &o., equivalents of 


I alter the volooity^enormously, but have only a 
small influence on the limit. The action of 
sunlight appears in some oases to destroy the 
limit entirely, and to oauso perfect oombina. 
tion. 

Methyl ether and hydrochloric acid (Fricdel, 
C, R. 81).—When a mixture of methyl ether 
and hydrochloric aoid is passed through well- 
cooled tubes a liquid is formed whose composi¬ 
tion is variable, and may bo considered to be 
represented by the formula x{CH,).p + yHCl. 
If the gases are merely mixed a dissociable 
system is obtained, behaving in many ways like 
j the one last considered, but differing from it in 
that a contraction of volume takes place during 
the combination of the ether with the hydi'o- 


Preoure = 1 atmosphere, 
Hydiogcu uud iuihue. 



Fw. 11. 


Curve r^etenting the relation of the free hydrogen to the total hydrogen, that is to say the limii 
of decomposition of hydriodic acid, at 440® for different pressures. 



Beales: 10 mm. for ooe atmosphere, and 10 mm, for 01 of hydriodlt icid decomposed, 
Fio. 12. 


hydrogen, we get the following relations, which 
may Iw put in a curve {fig. 14) 


Oomporltlon of tbe 
system iotroduced. 

H+I 
2H+I 
3E + I 
4E+I 


Ratio of HI div 

Ratio of HI per- 

sooiated to HI 

lUtenttoHl 

possible 

po'isible 

d'26 

0-74 

0-16 

0-84, 

013? 

0-87 

012 

0-88 


Lemoine considers it probable that an indoti- 
nite increase of one of the reacting bodies would 
never tend to produce total combination of the 
. other. Berthelot doubts this. 

Porous bodies, and especially platinum black, 


ohlorio acid. This facilitates observation, but 
makes the‘^application of theory more difficult. 
The velocity of the reaction is so great as to be 
unobservable. 

The condensation amounts to onc>half the 
volume of the mixed gases. 

Vapour density oxide of methyl is . 1*61)2 
„ „ hydrochloric acid is . 1*2I>3 

„ „ compound if com¬ 
pletely formed is . 2-iS51 

„ „ mixture of equal vo¬ 

lumes of methyl 
oxide andUCl is 1-43 
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I. Tlis6 o/i6W|)eratWffiifacrea8G8 dissooia- 
tioD. Numbers are:— 


If the combination be total 
At the temperature of . ^ 


If the decomposition bo total 


Vapour density 
2-884 


with the gaseous mixtnre employed by Frie* 
del. 

11. Influence o/^^ressitre.-Dissociation 
diminishes with increasing pressure, thus:— 

Vapour density 

'If the decomposition were total . . . 1*430 
At the pressure of 670ntm. of mercury » 1-637 


36° 

1-516 

M 

750 


45° 

1-506 

• • 

850 


56° 

l-dOS 

• » 

050 


G5° 

1-48H 

*» 

1050 


75° 

i-wa 


1100 



L-474 If the combination weie total .... 2-864 

1-407 III. Influence of an inert such as 

1-430, orl-442 air, is the same as that of a reduced pressure. 


Curve representing the ratio 'of free hydrogen to total hydrogen in a mixture of hydrogen and 
iodine vapour heated to 440° in variable proportions, 

. The TOlume of hydrogen OA = OB is constant, and iu excess with respect to the iodine. 



Numbers of equivalents of iodine for one equivalent of hydrogen. 

Bcalee: 7-6 mm. represent 0*1 equivalent of Iodine for one equivalent of hydrogen; 7‘6 mm. represent 0*1 of hydrogen 
remaining free for 1-0 of hydrogen introduced. 

The carve nnitiug the points represents the experiments at high pressures. 

The crosses represent tlio experiments at low pressures. 


Fw. 13. 


Curve representing the ratio of the hydriodic acid dissoeMted to the hydriodic acid jiossible in a 
gaseous system, in which one equivalent of iodine vapour is heated to 440° inpreamce of t^ari- 
able quantities of hydrogen, 

oJ 


03 


0-3 


9-1 


Niiml>or of ocpilvnleiits of hydrogen for one equivalent of iodine. 

Ckiates; 20 m>u. for each equivalent of hydrogou: 7*5 mm. for O'l of hydriodic acid dissociated. 

Fja. 14. PS? 
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17. Eject ef excess iatho aame aa for hy- 
(fr/odio seid. When the temperature is about 

20° and lie pressure 1 atmosphere, the munbers 
are the following:— 

Bxoeu ol oxide of metbyV Ooatractlon (with respect 
(with respect to the to donbJe the Toliune of 
total folutoe of the lolxtiire) the less abmiilant gas) 


• 0 
0-10 
0-20 
0-40 
0-60 

Kxoess of hydroohlorlo sold 
(with cespeot to the total 
TDlome of the mixture) 

-0 

010 

0-20 

0-40 

0-60 


= 6-8 

7- 7 

8- 0 
10-8 
H'8 


6-8 

7- 7 

8- 6 
104 
11'2 


By a aimpU oalonlation the traction of j- 
eooiatioa may be obtsinad from fbe 

, densitrobserv^. V pis tie weight of eowpZd 

j dissociated, and j) is tie total weight per litre, 

I we find that the fraction ? may be oaloulated 

I y 2’8d 

from the equation ? = -1, where d is the 

jP ® 

observed vapour-density. Thus the influence 
of temperature is given by the numbers;— 
ratio H diasooiatcti at 


These may be put in a curve thus 


Tciiiiicr.ttare 

6® 

15 

25 ■ 

35 

45 

55 

65 

75 

85 

96 


duVerciit toinpciatwre* 
0*75 

• 0-84 

0'88 
0’90 
002 
0*93 
0*94 
0-95 
096 
0-97 


Curve representing the contraction of a mixture of hydrochloric acid and oxide of methyl, in 
which one of the two gases is in excess. 



Excess in ratio of the total volume of the mixture. 

Seales: IT mm. for a coutraotionof 10 per cent, with respect to double the volume of the leas abundant gas: 
7'6 mm. for 0*1 of one of the gases In excess in a volume of the mixture equal to 1. 

Fig. 16. 


Curve representmg the fraction of dissociation ^ in a mixture of hydrochloric acid and oxide of 


methyl, when one of the bodies is in excess. 



Excess with respeot to the total volume of the mixtiue. 

8m1« : i mm. for 0*1 of the poHible combination dissociated; 7'9 mm. for 01 of one of the gases in ezocse 
to. a total volume of the mixture equal to 1» 

Fio. 16. 
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The infiaenoe of pressure is given by the 
numbers 



Batlo t diattoofatoil at the 

Fressore 

totne temperature ami at 

nun. 

diiXerent preaetiree 

670 

0-88 

760 

0-86 

860 

0-84 

960 

0-82 

1,060 

0-80 

1,100 

0-79 


When the combination takes place between 
two gases, of which one is in excess, the reduc* 
tion is more complicated. However, it is not 
difficult, and is given by Lepioine, page 89 of 
his book. The ellect of an excess expressed in 
this way is given by the following numbers, and 
in the curve, fig. 16:— 

Oxide of methyl in excess. 


Coiitraotion 


EzDoss with 
respect to 
the total 

with reispect 
to Uouble the 
Volume of 

Excess n 

Fraction of 
dissociation 

Tolume of the 

the lean 

expressed la 

y 

Qilxturo 

abuudaiit gas cqulvuieute 

V 

0 

0’058 

0 

0-884 

0-10 

0077 

0*222 

0*846 

0*20 

0*089 

0*500 

0*822 

0*40 

0*108 

1-333 

0-784 

060 

0T18 

3*000 

0*704 

Hydrochloric acid in excess. 

0 

0*058 

0 

0-884 

0-10 

0*077 

0-222 

0-846 

0-20 

0*086 

0-600 

0-828 

0-40 

0-104 

1-333 

0-792 

OCO 

0-112 

3-000 

0-776 


The calculations involve an assumption of 
the applicability of Boyle’s law, which is, how¬ 
ever, only Vstifiable in a limited degree, espe¬ 
cially with respect to the ether vapour. 

Amongst other dissociable systems which 
have been more or less studied we may notice 

Calomel, by Debray (C. B. 83, 30). 

Ammonium chloi^e, by Deville {Lemons); 
Pebal {A, Ch, [3] 77, 93); Marignao (Bl 1867. 
vol. 2). 

Pebal’s researches have been already com¬ 
mented on. 

Ammonium sulphide, —Among others, by 
Bineau {A, Ch. 70, 26); Deville and Troost 
{G.li. 66, 891; 88,1239); Horstmann {A.Suppl. 
1863); Salet {C. B. 86, 1080); Mortessior a. 
Engel {C. B. 1879). 

Chloral hydrate.— subject of much 
discussion by Troost, Wurtz, Devillj, Borthelot, 
Kaumann, &o. Bemarkable for an ingenious 
tost introduced by Troost to determine the 
presence or absence of water-vapour, as well as 
its pressure, in the vapour of chloral hydrate. 
The method consists in exposing hydrated salts 
of known vapour-pressure to the action of the 
vapour and observing whether they become 
more or less hydrated. This method, how¬ 
ever, appears troublesome in practice, and has 
hitherto led to contradictory results (v.Lemoine, 
^Xudts, 93). 

Dissociation of salts in solution v, Solution. 


Dissooiation produced by eleotrloal agency 
A rough and provisional theory has already been 
given of the action of the electrical discharge in 
producing dissociation 

Methods employed. 

I. A aeries of sparks may be caused to pass 
between the terminate of a eudiometer-tube 
containing the gas to be experimented on. In 
this case care must be taken to prevent the 
heating of the terminals, otherwise the rise of 
temperature produced in their neighbourhood 
will influence the effects to be observed in an 
unknown manner. 

II. The most powerful arrangement yet de¬ 
vised is the apparatus of Siemens. This consists 
essentially of two concentric glass tubes; the 
outer surface of the larger tube and the inner 
surface of the smaller tube are both coated with 
some conducting material. The gas to be ex¬ 
perimented on passes through the annular space 
between thi two glass tubes. Let the two con¬ 
ducting surfaces be kept at diflerent potentials; 
then it can be shown that there will be an elec¬ 
trical distribution over the surfaces of discon¬ 
tinuity of the dielectric. That is, there will be 
a distribution over the inner surface of the outer 
tube, end over the outer surface of the inner 
tube. The difference of potential between those 
two surfaces will increase as the difference of 
potential between the conducting surfaces in¬ 
creases. A point will finally be reached when 
the difference of potential of the distribution 
between the glass surfaces becomes sufficient to 
produce a breaking down of the insulation of the 
dielectric, and an ordinary discharge will be the 
result. The electric field in the instruments 
generally sold is fairly uniform, and the apparent 
electric strength of the insulating layer of gas 
is proportionately large. The discharge, when 
it docs take place, consists of an enormous 
number of small sparks. It is to this fact that 
the efficiency of the apparatus is doubtless to 
be traced. 

Ozone.—The subject of fnany experiments. 
Hautefeuille and Chappuis (0. B. 1880) give 
the following numbers, for the proportion of 
ozone formed, as representing the limits at dif* 
ferent temperatures and pressures:— * 


Proportion of ozone by weight. 


Pressure 

-23« 

0° 

20® 

lOO" 

760 mm. 

0-214 

0-149 

0106 

0-0117 

380 „ 

0-204 

0-152 

0-126 

300 „ 

0*201 

0-153 

0-112 


225 „ 

0-191 

0-163 

0-104 

0-0118 

180 „ 

0-181 

0-137 

0-089 



The slow resolution of the mixture of ozone 
and oxygen produced in any of these experiments 
into pure oxygen would form a convenient field 
for experiments on velocity. A certain number 
of such experiments has been made by Berthelot 


(C.J7.1880):— 

« 

Proportion 
ofoBone 

• At the oommencement 

6-3 

Ate 1 daj 

2-9 

2 dajTB 

2-1 

6 „ 

1-2 

14 „ 

0-4 

61 „ 

traces 

60 „ 

Kero 
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NUrogm and Oxygm.— l&ay he caused to 
combine under the influence of the eioctric 
epark. This experiment is chiefly interesting 
historically. 

Nitrogen.—“It has already befen pointed out 
that the efficiency of the spark in producing 
dissociation of an observable character will de¬ 
pend greatly on the form of the discharge. This 
IS a very obscure subject and cannot be treated 
here. The reader is recommended to consult 
a paper by J. J. Thomson on the eiectrio dis¬ 
charge in gases (P. M. 1883). It is there shown 
that the pressure must exercise a very important 
influence on the phenomena to be observed. 

At pressures of about 0-8 mm. a discharge of 
a peculiar kind obtained from an induction coil 
by inserting a large resistance in the circuit was 
observed by Thomson and Thrclfall (Pr. 188fl) 
to produce a contraction in an atmosphere of 
pore nitrogen. On heating the reculting gas 
the original volume was recovered. This effect 
probal^ points to the production of an allotropic 
form of nitrogen. 

Ammonia foims a dissociable system: the 
limit is here very high: that is the ammonia 
may be almost completely decomposed. On the 
other hand, of course only a very slight combi¬ 
nation is produced if we start from nitrogen and 
hydrogen, though this may be made indefinitely 
great by removing the ammonia formed. Some 
peculiar views have been put forward in this 
connexion by Johnson (P. P. 188b, No. 2; v. also 
Pamphlet, Elementary Nitrogen, and on the 
Synthesis of Ammonia, by Johnson [Churchill, 
1885]). 

Carbon dioxide is decomposable with a very 
low limit. If a bit of phosphorus be placed | 
in the tube to absorb the oxygen as fast as it is 
formed the reaction becomes unlimited. The 


I It will be noticed that the relation I'e not con. 
tinuoua, this is probably to be traced to the fact 
I that the products of decomposition depend on the 
! kind of spark employed, and this is itself con* 
ditioned by the pressure of the gas. 

Hydrocyanic acid.—This is formed from 
acetylene and hydrogen by the action of the 
spark. The reaction Is complicated by the 
production of other and more complex 8ub< 
stances. 

Theories of Dissociation. 

A. Theories which endeavour to account for 
the phenomena of dissociation and give results, 

I numerically comparable with experiment, based 
j on the principle of the action of mass ; Lemoine, 
Guldberg a. Waage, Van’t Hoff. 

B. Theories based on the kinetic theonj of 
gases ; Clausius and Lemoine. 

C. Theories based on the generalisation of 
the principles of thermodynamics ; Willard 

1 Gibbs, Horstmann, PesUn, Van der Waals. 
i D. Theory based on the vortex^atoms hypo¬ 
thesis ; J. J. Thomson. 

E. Theory deduced from general equations 
j of dynamics; J. J. Thomson. 

Tueoby ov the action or mass simply 
(Pfaundler and Lemoine).—Let two gases A and 
; B in a system be in circumstances permitting 
' combination. Lot there be N molecules of 
A, and N' molecules of B, in a certain closed 
' space. Other things being equal, the chance 
I of a molecule of A combining with a molecule 
: of B will be greater the greater the number 
of molecules of B in its immediate neighbour¬ 
hood. Similarly the chance of combination 
of a molecule of B will depend on the number 
of molecules of A in its immediate neighbour¬ 
hood. If dy is the amount of combination in 
time dt we shall have 


inverse case of carbonic oxide and oxygen is 
curious. Theoretically, from the experiments 
on carbon dioxide,combination should take place 
easily, or rather the should be high. How- 
ever, in an experiment continued for six hours 
verv little carbon dioxide was produced, if any. 
This may be accounted for if we assume the 
velocity of the reaction to be extremely slow, 
thot^h there is no other reason for such an as¬ 
sumption. 

Watifr-wipowr, decomposed with difficulty. 

Acetylene.—ks the products of decompo¬ 
sition are liquid the reaction is unlimited. If 
the sparlu are large, carbon is deposited and the 
reaction goes on till the gas consists of about 
seven volumes of hydrogen to one of acetylene. 
In this case there is an approximate limit. 
Berthelot has examined its relation to the pres¬ 
sure, and gives the following numbers 


Presfureia 

Umitiiig proportion 

metres 

of acetyleuo 

of meroory 

per 100 Tolumos 

816 

11-9 

0-76 

« 12 0 to 12 5 

0-43 

11-9 

0-41 

120 


~fr6 

0-23 


0-18 

81 

0-10 

81 


|f=6/(N)<.(N'). 

If we assume that the functions are identical, 
which amounts to supposing that an excess of 
either gas would have the same influence on tbo 
result, this becomes 

If the gases do not combine in equal volumes 
the violent supposition is made that a combina¬ 
tion takes place first of all by equal volumes, 
and that then a further combination goes on 
with the other volumes step by step. Taking the 
case of a combination of one volume of A with 
two of B first of all in timedf we have an amount 
of compound formed given by the last equation, 
viz.:— 

dl/-b/(N)/(N') dt. 

This then combines with another volume of 
B or 

g-4'/(K0/[6/(N)/(N')]. 

A further assumption, that the amount of 
chemical change is simply proportional to the 
masses in presence, reduces our first case to 

tUN' 
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w# 


and ora second to 

bm\ 

wlioro 6 is a constant. 

This, however,oxcopt in a few cases, is louncl 
to be iusunicient to account for experimental re¬ 
sults, and Lemoino, therefore, introduces a new 
constant, thereby abandoning the theory of the 
action being strictly proportional to the masses 
in presence, and writes 


and 


dv 
df 
dji _ 
dt '' 






for the two cases rospectivefy. 

The same result may bo arrived at from a 
study of tlic kinetic theory of gases. Although 
owing to the assumptions necessary no real 
knowledge can be gamed from the theory in 
question, still it may bo useful to give a sum¬ 
mary of it here. The reader will notice the con¬ 
fusion between atoms and molecules. 

Let A and A' be two gases tending to com¬ 
bine in equal volumes, N and N' the number of 
‘ free molecules ’ or atoms (?) per unit volume. 
Let A, and A' bo the mean distances of the two 
kinds of molecules ; then wo have 
Nas=* N'A'*- 1. 

We have to find tlie chance of combination 
between the molecnb'S of A and A'. To do this 
Clausius assumes Ihattwo ‘ molecules ’ will com¬ 
bine when their centres approach to a distance 
smaller than where I is called the ‘ radius of 
chemical activity ’ of each molecule. The mole¬ 
cules of bollr gases arc supposed to bo in motion 
in accordance with the well-known laws of the 
kinetic theory, the whole of which as far as 
principles go is here assumed. Instead of ex¬ 
plicitly considering the velocities of both sys¬ 
tems, Clausius shows that matters are simplified 
if wo consider the molecules of A at rest, and 
the molecules of A' endowed with a velocity of 

tt= -- if Rnd« = u' + ?r % if V; 

V and V* being the velocities of mean square of 
the two systems. The probability of a molecule 
of A' ‘penetrating tlie sphere of action’ of a 
molecule of A during its passage between two 
planes perpendicular to one another, and at a 
small distance H apart, is found by Clausius to 

bo ~S. During a time dt, however, a molecule 

of A' will go over a space udt with respect to the 
molecules of A supposed to be at rest. The 
chance of combination during this time is there¬ 
fore or substituting for,A", 

Therefore, the number of molecules—dN** — 
combined in time dt is - NN'wfhmlt. 

Let dy be the number of molecules of the 
compound formed in time dt, then we have 

ttJ'mNN' 
dt • 

or ooUeoting constants, remembering that * u Ms 
a fuDctioD of the temperature only, 

- km' 
dt 


which we got before. But we know that this 
formula is only approximate, and therefore we 
may as well admit at once that the theory is 
insufficient. At best, however, the idea of a 
‘ radius of chemical affinity * is only a dia- 
grammatio way of regarding the process of com¬ 
bination. If wo consider the action of tempe¬ 
rature and pressure *the case is still worse, 
for in default of any information at all we are 
obliged to regard the radius of chemical activity 
as remaining constant when the temperaturo 
changes. This, of course, again leads to incor¬ 
rect results, and, therefore, I is supposed to vary 
in a manner to satisfy the experiments, leaving 
us exactly where we were before. Again, taking 
Lemoine’s form of expression involving the con¬ 
stant 0, we find that to account for the behaviour 
of hydriodic acid the ‘ constant ’ has to be made 
to vary; thus, at a temperature of it has a 
value assigned to it of '8, and at 440*^ it is re¬ 
duced to *£5S or *6 as seems most convenient. 
Other people (Guldberg a. Waage for instance) 
avoid the difficulty by putting several ^nstanta 
in to begin with. Wo may also note W|foliow- 
ing hints which are given us by the kinemo theory 
of gases, and which do not involve any special 
theory of the mechanism of chemical combina¬ 
tion. Change of combination-phenomena with 
change of pressure ought to be slow.sincethemean 
distances of the molecules vary inversely as the 
cube root of the pressure. Since the kinetic 
theory gives a tolerably reasonable account of 
the mechanical meaning of rise of temperature, 
any information as to what chemical combina¬ 
tion really is will most likely be drawn from a 
study of the dependence of chemical action on 
the temperature. 

Tho action of pressure and temperature has 
been investigated by Clausius, but here again 
special assumptions are made. 

GOLDBEim AND WaAOE’S THBORV OT DKSOCU- 

TioN is sufficiently indicated in the articles Affi¬ 
nity and Chemical change (voI. i.; o. especially 
pp. 70, 73, 737, 746; v. al§o Equiubbidu, che¬ 
mical). 

TuEOBIES based on THEEUODINAUIO OON- 
siDERATioNfl.—Certain very important ideas ap¬ 
pear to have been put forward by Clausius in hi». 
discussion of the term ‘ Disgregation.’ We shall 
have to consider them when we come to the 
formal theory of Horstmann. At present it will 
be more convenient to take a very simple case, 
which seems first to have been deduced at some 
length from Clausius’ results by Feslin (A. Oh, 
1871). 

Peslin considers the case of carbonate of lime 
and its decomposition by heat. According to 
Debray the changes which take place are per¬ 
fectly reversible, and Peslin applies the general 
equation of Clausius for reversible systems to 
this particular case. For information of this 
general kind o. Clausius’ Mechanical Theory 
of Heat (translated by W. B. Brown), and Max¬ 
well's Theory of Heat 

» Assuming the reversibility of the reaction in 
question (on which point v, supra), we may 
consider a reversible engine driven by the pas¬ 
sage of heat from a mixture of oarbonio acid, 
carbonate of lime, and lime, in a hot vessel, to 
the same mixture contained in a vessel at 
lower tempeiaturei 
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Let T bo the absolute temperature of the 
hot ressel. 

Ijet T-e be the absolute temperature of the 
eold vessel. 

Let It he the volume occupied hy unit weight 
of calcium carbonate before Association; u' the 
rolame oocapied by the mme weight after die- 
Bodatiott. 

Let L 1» the ‘latent heat ’ of dissociation, 
which in this case is positive; p is the maximum 
pressure of dissociation at the high temperature; 
j is the meohanical equivalent of heat. 

Then u’-u is the volume developed by the 
motion of the piston of the machine during 
the dissociation of unit weight of substance, and 
dp 

^-c is the difference o! pressure on opposite 
sides oi the piston. 

The work done, therefore, during this pas* 
B&ge is ^ 


( Now we' mav get all these values from ei. 
I periment, and thoroforo choose one to oalculate 
j say I! and then compare with eiperiment.’ 
1 Jeslin, however, uses a rougher method by oon- 
! sidering the engine worked with steam, and 

! faking the expression 1 - as the same for both 

i 

! water and steam on the one hand, and carbonate 
1 of lime and the products of its decomposition on 
I the other. KegnauH's value for L for water at 
: 09*1® is 668*2 cal., and the comparison will be 
I made at such temperatures that 69*1 is the mean 
I of T,«48*4, and Tj« 89*8, corresponding to the 
vapour pressures P', = 85 mm. and P', =* 620 mm. 
This gives for the latent heat of dissociation 
of carbonic acid, if.A^ is the density of steam 
corresponding to 5o. 

f 1 11 


L = 658-5 


l + aj, 

1 


1 + ufj 
1 


U + oT, l + aT,. 


By Oarnoi’s principle the beat transformed 
into work is 



therefore the equation oi heat transformation is 


whence L = y(«' - 


dt 


Now 




where a is the coefficient of expansion, and this 
will be nearly that of a perfect gas, and 5^ is 
the density of the carbonic acid of dissociation 
reduced to 0° and pressure Substituting 
this value for u' and rearranging, we have 


dp J 



\ ait 1 


Now -i is constant; is nearly so. 


snffioiently nearly for onr present purpose 
where we do not intend to deal with any very 
great range of temperature. In fact between 
* 1040® and 860° the expression does not change 
in value more than *2 per cent. 

If the engine works from a presanre P, to a 
pressure P| we have 



where T, and T| correspond to Pj and P, re- 
^i^tivcly. 

^ Solving this equation 



iTSer l + aTj’ 


Putting in values, L = CCC-7; finally comparing 
this with the value deduced from Favre and 
Silbermann’s results, we find that it is 5 p.c. 
smaller than it ought to be. Considering the 
assumptions made as to the applicability of 
Boyle’s law, <&c., this is at least as good as one 
can expect, and may be tiiken as some evi¬ 
dence that the dissociation process in question is 
really a reversible operation. This example has 
been dwelt on at more length than itintrinsically 
deserves, because it affords a very instructive ex¬ 
ample of the methods pursued in theories based 
on thermodynamic considerations. We pass 
on to 

Horbtminn’b THKouy {A. 170).—Clausius has 
thrown Thomson’s views on the degradation 
of energy into the following form: ‘ The entropy 
of a system will always tend towards a maxi¬ 
mum defined by the other conditions j,o which 
the system is exposed.’ 

There is no reason why this should not 
apply to systems undergoing dissociation. 
During dissociation some of the changes tend 
to increase, and some to diminish, the entropy of 
the system; according to the theory, equilibrium 
will be attained when the entropy has arrived 
at its maximum value, i.e. when its variation 
vanishes. Clausius has introduced the term 
• disgregation of a system,’ and define- it as a 
quantity depending on the arrangement of the 
parts of a system, in so far as it is the value of 
the entropy for the state of the system which it 
thus defines. 

* Let X be the proportion of a body expressed 
in molecular weights which decomposes or com¬ 
bines with another.’ This quantity x may then 
be regarded as a measure of the degree of disso¬ 
ciation. All the other quantities which vary 
during dissociation may then be regarded as 
functions of Xe Eorstmann’s condition of equi¬ 
librium is thus — *0 where $ is the entropy. 
dx 

Let Q be the quantity of heat which is concerned 
in the dissociation of an amount of the body 
equal to the formula weight expressed in grams; 
then Q, for instance in the cas;) of hydroobloric 
acid, would be the heat required to dissociate 
36*6 grams. To produce the reaction in ques- 
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tion we ehouM require Q® units of heat. If T 
is the absolute temperature, and Z the disgrega- 
tion of the system, we have 
s = ^ + Z 

tnd the condition of equilibrium is found by 
difierentialion of 


* 0 . 


dz TV «dz) dx 

As an example, wc may apply this equation 
to the special case of a body decomposing into 
two others. Let there be one equivalent at the 
beginning of the process, and suppose there re¬ 
mains undecomposed at the instant considered a 
quantity x, then the rdsult is to give r molecules 
of one and s of the other, and let m bo the weight 
of one of the substances in excess; then the 
three bodies in presence are:— 

X 

r(l~x) + m 

S{1-'X). 

If Zj, Z^, Z,are the disgregationscorrespond¬ 
ing to one equivalent of each of the three states, 
we have 

Z’=•xZ^ + [r{l—x) -I m]Z2 + s(l —a;)Zj. 

Suppose further that the system is one like 
carbonate of limo wliero one of the products is 
solid and one gaseous ; then Z, and Z.. are inde¬ 
pendent of Xt and Z 3 depends only on the volume 
available. If u is the volume of one equivalent 
of the gas generated, Clausius gives 

Z, = Z', + ARIog“ 

where Z', is the disgregalion corresponding to ! 
the same mass of gas reduced to standard con- j 
ditions, i.6. to a volume u^. It is the well-known 
constant used by Clausius to express the gaseous 


laws, i.e.'?^^wherea=»273; andAisJoule’sequi- 
a 

valent. If 2 ? is the pressure of the gas wo have 
, tip • ET. 

Q in this case consists of two parts, of the heat 
taken up in producing the chemical change, and 
Q-q required to do external work, in this case 
to the extent Apu or ART. 

The equation of equilibrium therefore reduces 

to ® -AR1 or“ +C = 0, 

T 

where 0 = Z, — rZ^-sZ,, the change of disgrega- 
tion which would take place if the gas had the 
volume Uq ; this therefore is independent of x ; 
u only varies as the action proceeds, and the 
equation therefore expresses the fact that the 
pressure must be determinate for the condition 
of equilibrium. 

The rncUiod has been applied by Horstmann 
to calcuUto the pressures produced by the disso¬ 
ciation of amylene bromide and •phosphorus 
pontaohloride. 

Phosphorus pentacliloride .—The agreement 
is fairly satisfactory, as may be seen by the fol¬ 
lowing curves (fig. 17) which aro given by the 
theory; the points correspond to observations, 
two of which are used to calculate each curve. 

Lomoine has calculated thfi values of x by an 
appropriate modification of the above equation 
for liydriodic acid, and finds that the agreement 
is within 6 p.o. 

It may he noticed about this theory that if 
the quantity of heat absorbed or given out during 
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the reaction was zero, the limit would be inde¬ 
pendent of the temperature; this actually occurs 
very nearly in oases of etherification, and the 
conclusion coincides with experimental results. 

A difficulty is that dissociation, according 
to the theory, would go on to absolute aero, 
while as a matter of fact it is generally supposed 
only to begin at a certain point. As to this it 
may be said that below a certain point the dis¬ 
sociation has hitherto avoided detection. 

The influence of an excess of one constituent 
is extremely well and concordantly brought out 
by the theory. The influence of the pressure 
will be zero as far as the limit is concerned if 
no condensation or expansion occurs; as for 
instance in the dissociation of hydriodio acid. 




No information is given by the theory as to the 
progress of the reaction, i.e, we get no informa¬ 
tion from it as to velocity. 

Theoet op Gif.HS {Am. 8. 18). —This theory 
has many points of resemblance with that of 
Horstmann, as will be seen by the following 
statement of the principles 

1. For the equilibrium of an isolated system 
it is necessary and sufficient that in all the pos¬ 
sible variations of the state of the system, the 
energy being maintained constant, the variation 
of the entropy shall be zero or negative. 

2. Similarly, if the entropy bo constant the 
variation of energy must be zero or positive if 
equilibrium is to bo pr^erved. 

, Applying these principles to a mixture of 
gases obeying Boyle's law, <kc., we have for the 
energy of the mixture 

• M,(0,t-fE,)-hM,{0,f+E,) +. 

M, and Mj are the masses of the different gases. 
C, and Oj are the sp. heats at constant volume. 
E, and E^, are other constants, and t is the ab¬ 
solute temperature. 
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Similarly the entropy is given by E, and h. Natanson have discussed the theory 

M,\ in their paper on nitrogen tetroxido (TT. A. April 

Mi{n, + C.loget - a,log y 1 1880). 

V If the thermal changes accompanying disso- 

+ M2(H2 + 02logct — XT I +.elation are s;nall, then the tlieory indicates that 

’ ^ the change of dissociation \Yith temperature will 


wnere v is me Toiunio,^i,,tt.i, n.,, Aj are cun- 
slants depending on the nature of tlic gas such 
that a, and a, are inversely proportional to the 
densities. 

Gibbs assumes that these equations will also 
apply to a system of gases in which chemical 
change takes place. If we consider a system in 
which the energy does not vary, and in which 
the entropy has its maximum value, then we 
have one casG where equilibrium is established 
according to the principles laid down. The con- 
flition for maximum entropy comes to be the 
condition that no variation of entropy shall occur 
when the energy and volume are constants; 
these two conditions together will g-ve the fol¬ 
lowing :— 

+ C,!os( - a,log y')dm, 

+ + C,log( - ojog 

+.&C.-0. 

This equation leads to the result that when 
the gaseous compound is capable of being formed 
without condensation, the limit of dissociation wil 1 
be independent of the pressure. In other cases 
the dissociation will bo a function both of tem¬ 
perature and pressure. Comparisons with ex¬ 
periment in the two cases (hydriodic acid and 
methyl ether and hydrochloric acid) show that 
the experimental and calculated results agree 
very well. A comparison with nitrogen te- 
troxide, formic acid, acetic acid, and phospho¬ 
rus chloride vapour, has been made by (hbbs; 
as an example of the agreement of theory and 
experiment, we give the following table referring 
to phosphorus pentachloride 


Tempe¬ 

rature 

Pres¬ 

sure 

]3cn-iy 

Calcu- Ob- 
latc'l serTcd 

Aiitliori cf tlic 

llti 

o 

mm. 




836 

760 

3 610 

3-050 

C.ihiiiu-s 

827 

764 

8-614 

3-650 


300 

7C5 

3-637 

8-C54 

,, 

288 

760? 

3-656 

3-69 

p 

288 

763 

8-659 

3-67 


274 

765 

3-701 

3-84 

„ 

290 

761 

8-862 

3-991 


230 

746 

4-159 

4-3U2 


222 

783 

4-344 

4-85 


208 

760? 

4-762 

4-73 

(Ailicurs 

200 

758 

5-018 

4-B51 



758 

6-308 

4-987 


178-5 

227-2 

6*053 

6-150 

Troo-t a. jl.iuteftuil'e 

176-8 

253-7 

6-223 

6-235 

„ 

1C7'8 

221-8 

6*456 

5-415 


154*7 

221 

5-926 

6-619 


150*1 

225 

6*086 

6-886 


148*6 

244 

6-199 

6'964 

„ 

145 

391 

6*45 

6-S5 

Wurtz 

145 

311 

6*37 

112 

„ 


307 

6-36 

0-33 

Troost a. IfaiitcfcuMe 

144*7 

247 

6*287 

6-14 

137 

281 

6*53 

6-48 

Wurtz 

137 

209 

6-61 

6-54 

„ 

137 

243 

6-48 

0-46 


137 

234 

6-47 

6-42 

,, 

137 

148 

6-31 

6-47 

t* 

123 

191 

6*59 

6-18 

n 

129 

170 

6*66 

6-83 

n 

128 

165 

6-56 

6-31 

« 


bo slow. No account is taken either in tins 
theory or in the theory of Horstmann of the 
supposed thermal change re<pu3ite before disso¬ 
ciation begins: both theories would point to the 
occurrence of dissociation down to absolute zero. 

Again these theories are not in any sense 
molecular. Entropy is a quantity referring to 
the changes of heat into ivork and viceversd, 
and a molecular theory to,bQ satisfactory must 
obliterate the distinction between heat and 
kinetic or potential energy. 

Theory of J. J. Thomson (P. ilf. [51 15, 427; 
17, 235). —In this theory the views of Clausius 
I a. Williamson as to chemical combination are 
expressed in terms of the vortex-ring theory of 
matter. The principles and methods adopted, 
however, arc applicable to any theory of matter, 
provided only that it involves the principle of 
discontinuity. The advantages of this theory 
are that, while it is as general in its application 
as the theories of Horstmann and Gibbs, it 
alfords a definitely meehanioal view of the mo- 
elianism by which an eiiuilibiinm maybe brought 
about. As has been pointed out several times, 
any theory based on the kinetic theory of gases 
is open to the same objection as that theory 
itself, viz. that even supposing it were brought 
into harmony with every conceivable experiment, 
wo should really be no further advanced in real 
' knowledge than we are at present, since the 
! assumptions on which it is based themselves 
require explanation. Tlio vortex-ring theory, 

I however, docs not involve such assumption ; its 
' premises arc merely those of dynamics, and any¬ 
thing we get from it is a real gain since it 
cannot be twisted about to save appearances. 

The account of the theory as given by Thom¬ 
son is BO exceedingly terse that it cannot well 
be abstracted, and we therefore refer the student 
to the original papers. 

In the article Equilibrium, cuf.mical, will 
bo found a treatment of dissociation-processes as 

Bpccial-^ases of chemical equilibrium. ^ 

Bibliography. 

1. Am'v.m, A. Ch. IBM (Vapour densities). 

2. Avouadiu). a. Ch. ISM (Vapour densities) 

3. Bbcquerel (a. Fbeuy), A. Ch. [3] 35 (Limit 

of ozone); 0. B. 1877 (Vapour densities). 

4 Brutuelot, Essai de mAcanique chimique. 
A. Ch. [5] 12,“and [5] 20 (Heat of forma- 
tion cf chloral hydrate vapour); A. Ch. 
1869 (Electric discharge in gases); A. Ch. 
1862 a. 1863 (Etherification); A. Ch. [6] 
17 (Amylone bromide); A. Ch. 1869 (In¬ 
fluence of porous bodies); A. Ch. [6] 18. 
Bl. 11, G. B. 1868 (Carbon and sulphur 
compounds); C. i?. 1880 (Iodine); 
with Plan de Sf. Gillbs, A. Ch. 1862 (on 
Etherification); 

„ ViEiLLE, C. li- 1882 ct seq. (on Dissociation 
in explosions); 

„ OaiBB, A. Ch. [5] 30 (Specific heat of 
nitrogen tetroxide and acetic acid vapours). 





DISSOCIATION. 


411 


Bin«ao, ifoiwn. de Vlnstitut, 1848, A. Ch. 
[8] 49 (Vapour densities of sulphur and 
fiolenion); C. R. 1844, A. Ch, 1840 (Acetio 
acid); A. Ch, 1838 (Ammonia and car* 
bonio acid); A, Ch. 1838 (Ammonium 
sulphide (NH 4 ).S). 

6. Bibndaum (a. Maun), Bl. 1880 (Carbonate of 

lime). 

7. Boouski, B. 1876,1877 (Velocity of action of 

acids on marble, &c.). 

3. Boltzmann, W, 22, 1884 (Thermodynamical 
theory). 

9. Brodie, Calculus of Chemical Operations. 

10. Bunsen, P. 131^X. [2] 9 (Explosions, etc.). 

11. Gauouks, C. B. 1844 a. 1805 (Acetic acid); 

A. Ch. [3] 20, C. II'21, 28 (Phosphorus 
pentachloride). 

12. Caillktbt, C. E. 18CG, Bl. 18CC (Furnace 

gases). 

13. Clausius, P. 105, A hhandlungen Saminlung. 

vol. ii. (Kinetic theory of gases); MecJiani’ 
cal Theory of Heat. 

14. Cbafets, C. It. 1880, Bl. 1880 (Iodine 

vapour). 

with Mkiku, Bl. 1880, C. R. 1880 a. 1881 (Iodine 
vapour); 

15. Debray, C. R. 1867 (Carbonate of lime); 

G. B. 1808 (Hydrated salts); C. P. 1873 
(Oxide of mercury and phosphorus penta¬ 
chloride); C. P. 1876 (Calomel). 

16. DeviujE, Legons fails d la socicte chimique 

de Paris, 1864, C.B. 1877 (Vapour densi¬ 
ties) ; C. R. 1862, 1863, and 1884 (Phos¬ 
phorus pentachloride); 
with Debrat, C. R. 1878 (Oxide of iridium); 
j, Troost, a. Ch. 1860 (Sulphur); C. R. 1803 
(Ammonium sulphide); C. R. 1867 a. 1878 
^Nitrogen tetroxide); C. R. 1879 a. 1880 
(Chloral hydrate). 

17. Dibbits, J. 1874 (Alkaline bicarbonates). 

18. DiTq;^, C. R. 1872 (Hydrogen selenide). 

19. Dixon, T. 1884 (Chemical change in gases). 
SO. Duhem, J. de Pk. 1880 (Application of 

Gibbs’ theory). 

21. Dumas, A. Ch. 1834 (Chloral hydrate). 

22. Enqkl (with Moitkssieb), C. R. 1879 (Am¬ 

monium sulphide); C. P.1878-1879,1880 
(Chloral hydrate). 

23. Favrb, 0. R. 1868, 1870, 1878 (Influence of 

porous bodies); 

with Valbon, C. R. 1872 (Cliromc alum). 

24. Fbaneland, T. 1861, C. R. 1868 (Luminosity 

of flames). 

25. Fbemy, V . Beoquerel. 

26. Friboel, Bl. 1875 (Oxide of methyl and 

bydroohlorio acid). 

27. Oat-Lussao, a. Ch. 63 (Carbonate of lime). 

28. Gautueb, C. R. 1876 (Alkaline^bicarbonatos). 

29. Gerkez, C. R. 1867 (Alkaline bicarbonates). 

30. Gibbs, Am. S. 1879 (Theory). 

31. Gladstone (with Tribe), Pr. 19, C. J. 5 

(Velocity of reactions, dkc.). 

82. Grove, T. 1847. 

88. Guldbero a. Waaos, Etudes sur les ajffinitis 
ehimiques (published by Brogger and 
Christie, Christiania, 1867) ; J. pr. 1879 
(Theory). 

84. Hamoubt a. Ebson, T, 1866 (Theory, <lkc.}. 

85. HautefbuilziB a. Ohappuis, C- R. 1880 

(Ozoneh For other papers v. Teoobt. 

86. HiTxoar, P. 126 (Phosphorus). 


37. HoRspiANN, A. 155, Bl. 1870, 1878 (Acetic 

acid); A. 1877 (Ammonia and carbonic 
acid. Theory); A. 1863 (supplement), Bl, 
1869 (Ammonium sulphide): A. 1873, 

1877 (Theory). 

38. Ibambert, C. H. 1378 (Dissociation of chlorine 

compounds, Ac.). 

80. JouLiN, A. Ch. 1873 (Carbonates of silver 
and manganese); A. Ch. 1881, C. R. 1880 
(Porous bodies). 

40. Lecoq de Boishauduan, C. R. 1874, 1875 

(Chrome alum). 

41. Lemoine, Etudes sur les iquilibres ehimiques, 

1881 (published by Dunod, 49 Quai dca 
Augustins); A. Ch. 1871 (Phosphorus. 
Theory); 0. R. 1875 a. 1877, A. Ch. 1877 
(Hydriodio acid); A. Ch. 1872 (Theory). 

42. Lieben, Bl. 1865 (Vapour densities); C. B, 

1879 (Iodine vapour). 

43. LockIer, 0. R. 1873, N. 1870 et seq. (Disso¬ 

ciation). 

44. MaHN, V. liiRNBAUM. 

45. Marionao, Bl. 1867 (Ammonium chloride). 

46. Mascart, Revue scienlifique, 1873 (Vapour 

densities). 

47. Meier, v. Craffts. 

48. Meyer (Victor), B. 1879 a. 1880 (Vapour 

densities). 

49. Myers, C. R. 1873 (Oxide of mercury); A. 

1871 (Hydrogen sulphide). 

50. Miohaklib, a. 170 (Sulphur chlorides). 

51. Mitscherlich, P. 1833 (Nitrogen tetroxide). 

62. Moitessier (a. Enqkl), C. R. 1878, 1879, 

1880 (Ammonium sulphide and chloral 
hydrate). 

58. Montirr, a. Ch. 1874, C.R. 1871,1873,1874 
(Theory). 

54. Muller, A. 1802 (Nitrogen tetroxide). 

65. Muib a. Wilson, Elements of Thermal 

Cncmistry. 

66. Natanson (E. a. L.), W. 1886 (Nitrogen 

tetroxide, and discussion of theory). 

67. Naumann, Grundriss def Thermockemie, 1869, 

B. 1874 (Hydrated cupric sulphate); B. 

1878 (Nitrogen tetroxide); A. 1871 (Am¬ 
monia and carbonic acid); B. 1876,1879 
(Chloral hydrate). 

63. Ostwald, J.pr. 16 (Theory). Also Lehrbuch 

der Allgemeinen Chemie. 
o9. Pebal, a. Ch. [3] 67 (Ammonium chloride). 

60. Peslin, a. Ch. 1871 (Theory). 

61. Pfaundler, P. 182 {Jubelba7id), 131, B. 

1876 (Theory). 

62. Playfair a. Wanklyn, Pr. E. 4 (Nitrogen 

tetroxide and acetio acid). 

C2a. Ramsay a. Yodno, T. 1886, 1887; P. if. 
1887 ; C. J. 1886. 

63. Raodlt, 0. P. 1881 (Carbonate of lime). 

64. Robinson, v. Wanklyn.^ 

65. Rose, P. 1839 (Ammonia and carbonic acid). 

66. Salet, C. R. 1868 (Nitrogen tetroxide). 

67. SouLOEBBiNo, C. 1872 (Bioarbonates ol 

calcium and barium). 

68. Tb^mard, C. R. 1872 (Discharge in gases). 

69. Thomsen, P. 1869, B. 1877 (Acids and bases). 

70. Thomson, J. J., P. M. [6] 15, 17 (Chemical 

combination in gases); 
a. Thbelfall, Pr. 1886 (Nitrogen). 

71. Tribe, v. Gladstone. 

72. Teoost a. Hauteeeuillb, Ann. acieniiitquei 

di Vicole normale, 1873, A. OK 1874, 



413 


DISSOCIATION. 


C* B. 1873 (Phosphorus); Ann, de V^ole 
iupirieurs, 1878, C. B, 1868 (CyanoKon 
and oyanio acid); 0. B, 1874, A. Ch. 
1874 (Metallic hydrides); C. B. 1871 a. 
1877 (Formation of compounds at high 
temperatures); C. 1876 (Pbospborus 
pentachloride). 

Tboobt, C.B. 1876 (Aoetio acid); C. 12.1880 
(Iodine); C.R.1877-1879 (Chloralhydrate); 
A. Ch, 1878 a. 1881 (Chloral hydrate). 

78. Urbain, C. B. 1876 (Alkaline bicarbonates). 
74. Van der Waals, On the Continuity of the 
Liquid and Gaseous Statee, 

76. Van’t Hoff, B. 1877 (Theory). 

76. ViEiLLE, C. 12.1882, 1883 et scq. (Explosive 

pressures and dissociation). 

77. VICAIBB, a i2. 1868, A. Ch. 1870 (Theory). 

78. Waaoe, V. Guldbero. 

79. Wanklyn (with Playfair, v. Playfair) ; 
with Bobinson, C. B. 66 (Sulphuric acM vapour 

and phosphorus pentachloride). ' 

80. Weimbold, P. 149, J. 1879 (Carbonate o! j 

lime). i 

$1. WiEOEMANN, C. B. 1878 (Dissociation of i 
salts); P. 1874 (Jubelband), J.pr. (2J 9, j 
(Hydrated salts); 

with SoBULZE, W. 6 (Chloral hydrate). | 

82. Williamson, C. J, 4, P. M. [3] 37 (Chemical | 

theory). 

83. WuRT 2 , 0. P. 1866 a. 1877 (Amylene brcm- ; 

ide); 0. B. 76, Bl 1873 (Phosphorus 
pentachloride); Lemons SocUU chimiquet 
1863, French Association, 1873 (Am¬ 
monium chloride); C. B. 1877-1879 
(Chloral hydrate). 

SUTILLATIOK. The conversion of a sub- 
•tanoe into vapour, and the condensation of the 


fully treated in Kopp’a BeitrUge der Geschiehte 
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Idndischen Qesellschaft, 32, 676. Various forms 
o| apparatus for fractional distillation are de¬ 
scribed by Konowalow, J5. 17,1631; Wurtz, A. 
93, 108; Glinsky, A. 176, 381; Linncmann, 
A. Ch. [8] 42,131; Le Bel a. Henninger, B. 7, 
1084; Hempel, Fr. 20, 502; Kveis, A. 224,269. 
Papers on the theory of fractional distillation, 
with experimental results, will bo found in C.J. 
35, 544 (Thorpe), and 647 (Brown). 

M. M. P. M. 

DITA BABE, Dita, tt^^ bark of Kchitet 
scholaris, a tree growing in the Philip 2 >iiio 
Islands, contains ditaine, accompanied by two 
other alkaloids, ditainiue and cehitonine, and by 
several indiHercnt substances echicaoulchin, 
echicerin, echitin, echitein, and echirelin 
(Gorup-Besanez, A. 176, 88; Jobst a. Ilcsse, A. 
176, 320; 178, 49; 203, 144; 11, 1646; B. 13, 
1841; Harnack a. Merck, B. 11,2004; 13,1648). 
It is used as a febrifuge. 

Bitaine C.-il 3 i,N.^O,. Echitamine. [206®]. 
Wd“ -28-8®ina 2p.c.solutioniny7p.c.Blcoliol. 

Preparation.—Bite bark is boiled with hot 
alcohol, the extract evaporated, and the residue 
treated with dilute NH, and shaken out with 
ether. The ether dissolves ditamine; the residue 
is treated with solid KOH and extracted with 
CHClj. The extract is evaporated and treated 
with cone. HClAq; ditwne hydrochloride sepa¬ 
rates while echitenine remains in solution. 

Properties. — Vitreous prisms (containing 
4aq). M. sol. water, CHCl„ and ether, v. sol. 
alcohol, V. si. sol. benzene, insol. ligroin. 
Strongly alkaline, except after removal of all 
vapoui into a liquid by cooling in another part j crystallisation. Cone. H,SO, dissolves 


of the apparatus, is called distillation. If the 
vapour 18 condensed to a solid the process is 
called eublimaiion. The object of conducting 
a distillation is usually to separate one body 
from another which vapourises at a higher 


it with purple-red colour; HNO, gives a purple- 
red becoming green. Decomposes NaCl, setting 
NaOIi free. Not ppd. from its salts by NH,. 
After boiling with dilute HCl its solution re¬ 
duces Fehling’s solution. On evaporating an 


temperature than the fifst. The name frac- ! atmospheric oxi- 

tion^ distillation is often given to the prioeeB ' formation of ‘oxydi- 

of separating two or more liquids by taking ad¬ 


vantage of differences in their boiling points. 
When a solid body is decomposed by heat, and 
the products, or some of them, are condensed to 
the liquid form and collected, the process is 
called dry, or destructive, disHUation; for in¬ 
stance, when coal is strongly heated in a closed 
vessel, ammonia, various gaseous hydrocarbons, 
many liquid and solid hydrocarbons, phenol, and 
many other compounds, are produced. 

The essential parts of all apparatus for dis¬ 
tillation are (1) a vessel in which the substance 
is heated, (2) a means for cooling the products 
formed by heat, and (8) a receiver to retain the 
condensed product or products. The ordinary 
form of distiilation-apparatus is a ffask con¬ 
nected with a tube, which passes inside a wider 
tube throngh which a stream of cold water oir-' 
eulates; a small flask or other suitable vessel is 
used at a receiver. Various devices are em¬ 
ployed in fractional distillation to insure as com¬ 
plete a separation as possible of the more vola¬ 
tile from the less volatile portion of the liquid 
distilled. 

Beferences.—Tht history of distillation is 


place with formation of ‘oxydi- 

taine.’ 

Salts.—B'HCl: crystalline, sol. water, sL 
sol. HCIAq and solutions of metallic chlorides, 
[ojp as —67®.—B'jH^PtClaSaq: yellow flocculeut 
pp.—B'HBr: prisms.—l<^aq : 
prisms or crystalline powder.— Sulphate: 
needles.—Picrate: golden flocculent pp.— 
Tannate: white flocculent pp.— 
powder, si. sol. alcohol, v. e. sol. water. 

Ditamine CjgHisNOj. [75®]. Occurs in dita 
bark to the extent of '04 p.c. Obtained as 
above. Ammonia ppt#. it from its solution in 
dilute acids ae amorphous flocculm. V. sol. 
alcohol, ether, benzene, and CHCi|.—B'sH^Cl*: 
pale golden flocculent pp. 

Echitenine C,«,H 2 ,N 04 . [above 120®]. Ex¬ 
tracted from dita bark as above; the solution 
of its hydrochloride is ppd. by EgOl,, the pp. 
decomposed by £LS, ,.EOH added, and the base 
extracted with chloroform. Brownish, very 
bitter powder. V. sol. alcohol, si. sol. water 
chloroform, and ether, v. si. sol. ligroin. Alka¬ 
line to litmus. Its solutions in oono. H,60« 
and HNO, are violet. Its salts are amor* 
phous.- B',H.^PtCl,: golden flocculent pp — 
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Christie, Christiania, 1867) ; J. pr. 1879 
(Theory). 

84. Hamoubt a. Ebson, T, 1866 (Theory, <lkc.}. 

85. HautefbuilziB a. Ohappuis, C- R. 1880 

(Ozoneh For other papers v. Teoobt. 

86. HiTxoar, P. 126 (Phosphorus). 


37. HoRspiANN, A. 155, Bl. 1870, 1878 (Acetic 

acid); A. 1877 (Ammonia and carbonic 
acid. Theory); A. 1863 (supplement), Bl, 
1869 (Ammonium sulphide): A. 1873, 

1877 (Theory). 

38. Ibambert, C. H. 1378 (Dissociation of chlorine 

compounds, Ac.). 

80. JouLiN, A. Ch. 1873 (Carbonates of silver 
and manganese); A. Ch. 1881, C. R. 1880 
(Porous bodies). 

40. Lecoq de Boishauduan, C. R. 1874, 1875 

(Chrome alum). 

41. Lemoine, Etudes sur les iquilibres ehimiques, 

1881 (published by Dunod, 49 Quai dca 
Augustins); A. Ch. 1871 (Phosphorus. 
Theory); 0. R. 1875 a. 1877, A. Ch. 1877 
(Hydriodio acid); A. Ch. 1872 (Theory). 

42. Lieben, Bl. 1865 (Vapour densities); C. B, 

1879 (Iodine vapour). 

43. LockIer, 0. R. 1873, N. 1870 et seq. (Disso¬ 

ciation). 

44. MaHN, V. liiRNBAUM. 

45. Marionao, Bl. 1867 (Ammonium chloride). 

46. Mascart, Revue scienlifique, 1873 (Vapour 

densities). 

47. Meier, v. Craffts. 

48. Meyer (Victor), B. 1879 a. 1880 (Vapour 

densities). 

49. Myers, C. R. 1873 (Oxide of mercury); A. 

1871 (Hydrogen sulphide). 

50. Miohaklib, a. 170 (Sulphur chlorides). 

51. Mitscherlich, P. 1833 (Nitrogen tetroxide). 

62. Moitessier (a. Enqkl), C. R. 1878, 1879, 

1880 (Ammonium sulphide and chloral 
hydrate). 

58. Montirr, a. Ch. 1874, C.R. 1871,1873,1874 
(Theory). 

54. Muller, A. 1802 (Nitrogen tetroxide). 

65. Muib a. Wilson, Elements of Thermal 

Cncmistry. 

66. Natanson (E. a. L.), W. 1886 (Nitrogen 

tetroxide, and discussion of theory). 

67. Naumann, Grundriss def Thermockemie, 1869, 

B. 1874 (Hydrated cupric sulphate); B. 

1878 (Nitrogen tetroxide); A. 1871 (Am¬ 
monia and carbonic acid); B. 1876,1879 
(Chloral hydrate). 

63. Ostwald, J.pr. 16 (Theory). Also Lehrbuch 

der Allgemeinen Chemie. 
o9. Pebal, a. Ch. [3] 67 (Ammonium chloride). 

60. Peslin, a. Ch. 1871 (Theory). 

61. Pfaundler, P. 182 {Jubelba7id), 131, B. 

1876 (Theory). 

62. Playfair a. Wanklyn, Pr. E. 4 (Nitrogen 

tetroxide and acetio acid). 

C2a. Ramsay a. Yodno, T. 1886, 1887; P. if. 
1887 ; C. J. 1886. 

63. Raodlt, 0. P. 1881 (Carbonate of lime). 

64. Robinson, v. Wanklyn.^ 

65. Rose, P. 1839 (Ammonia and carbonic acid). 

66. Salet, C. R. 1868 (Nitrogen tetroxide). 

67. SouLOEBBiNo, C. 1872 (Bioarbonates ol 

calcium and barium). 

68. Tb^mard, C. R. 1872 (Discharge in gases). 

69. Thomsen, P. 1869, B. 1877 (Acids and bases). 

70. Thomson, J. J., P. M. [6] 15, 17 (Chemical 

combination in gases); 
a. Thbelfall, Pr. 1886 (Nitrogen). 

71. Tribe, v. Gladstone. 

72. Teoost a. Hauteeeuillb, Ann. acieniiitquei 

di Vicole normale, 1873, A. OK 1874, 
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OOOXCnERX GIYCOI e, 
BODECYIIDEHE v. DodS^^ ‘ ’ 
BOEOUC AOIB C„B„Of. The eijief acid 
produced by {he saponification of. the traim^oil 
obtained from the bottle-nosed vhale found near 
the Faroe Isles (Scharling, J,pr,4S, 257). Soli- 
(tifies a little above 0°.—BaA.',.-~-EtA'. 

n-DO.ICOSANEO,^„. [46^]. (225®)at 15mm. 
S.G. *756; ^ 2 . 742 . Form^ by reduction of 
the dichloride of the ketone obtained by distilling 
a mixture of barium palmitate and heptoate 
(Krafft, B. 15,1718; 21.2266). Present also in 
paraffin derived from bituminous shale by dis¬ 
tillation. 

DOTBIACONTANE v. Dicetyl. 

DOUBLE SALTS. By a salt was meant in 
the early days of chemistry a solid substance 
e. mI. water and re-obtainable by evaporating 
its aqueous solution. When the composition 
and modes of formation of bodies with these 
properties came to be examined, it l/as found 
that many of them were formed by the inter¬ 
action of an acid with an alkali, and were com¬ 
posed of {he elements of the acid and the alkali. 
Hence the study of salts carried with it the 
study of acids and alkalis. Acids and alkalis 
were at first described as compounds with certain 
characteristic properties, rather physical than 
chemical (v. Acids and Alkalis); the more 
accurate study of these bodies showed that all 
acids are composed of hydrogen combined with 
a strongly negative element or elements, and 
that all alkaUs are compounds of markedly 
positive metals with hydrogen and oxygen. By 


Coinpf Bilfon 0 ^ sftll 
V regarded as < 

« 14 (1) derivaim of an (2) empownd oj 

So'*- aoii. two^ki. 

KNO. K.NO,(80id»HNO,) K.O.N.O,. 

(»2ENO|) 

K,SO, K,.S 04 (acid=H^SO.) K,0,S0, 
KHSO, K.HS0,(acid«H,S04) K,0.2S0,.H,0 
(. 2101804 ) 

AIPO4 Al.P04(acid=HsP04) A1 jO,-PA 

(=» 2 AIP 04 ). 

There are many salts which cannot well be 
formulated as derived from acids by replacing 
hydrogen by a metal, but rather as compounds 
of such salts with the oxide, or hydroxide, of 
the replacing metal: As instances of these basic 
salts may be mentioned Bi(N 0 a)(.Bi 20 , and 
PbC 2 H 302 .Pb( 0 H)j. Such salts may, however, 
be formulated as compounds of two radicles, 
one negative and the other positive; thus 
SBiPa.SN A = 2[Bi(NO,)a.Bi..O,], 
2Pb0.C2H,0.H20 « PbC2H,0,;.Pb{0H)2. 

Some salts are composed of two metals com¬ 
bined with an acidic radicle or radicles; so far 
as composition is concerned these double salts 
may be regarded either as derived from an acid 
or from two acids, by exchanging hydrogen for 
two metals, or as composed of two positive 
radicles combined with a negative, or with two 
negative, radicles. They may also be formulated 
as compounds of two salts. The following ex¬ 
amples will illustrate these conceptions of 
double salts i — 


Double salt. 


Composition of salt when regarded as 
- Ts . > -7 -j II. Composed of III. Composed 0 / 

l. DenvaUveofMidoracida. two mlts. 


A1.K,S,0„ A].K,.4SO, (acid = H,SO,) Alj0,.Kj0.4S0, Al,(SO,),.K,SO.. 

MgNa,CjO, MgNa,.2CO, (aeid=H,CO,) MgO.NajO,2CO, MgCO,.Na,CO,. 

Cd(NH,),Cl, Cd(NH,),.CCl(a<!id-HCl) Cd.4NH,.601 Cd01,.4NH,Cl. 

EgjCaCyjC^ Hg^Ca.CyjCl, (acids »HCy and HCl) Hg,.Ca.Cl 2 Cy, HgCy^CaClj. 

HgAgCyjNO, HgAg.Cy^NO, (acids = HCy and HNO*) Hg.Ag.CyjNO, HgCyi-AgNOj. 

To this class of doulle salts also belong compounds composed of a single metal combined with 
two acidic or negative radicles, thus:— 

HgjIjSO* Hg 2 .l 2 SO, (acids=and HI) Hg 2 .l 2 S 04 Hgl 2 .HgS 04 . 


the interaction of an acid and an alkali a salt 
is formed; the salt is not characterised by the 
properties either of the acid or the alkali; the 
salt is composed of the metal of the alkali com¬ 
bined with the more negative part of the acid. 
Then it was found that salts could be formed in 
other ways than by the interaction of acid and 
alkali; but, however formed, the salt is a com¬ 
pound of a positive element (a metal) with a 
negative element or group of elements. 

A salt may, then, be described either as a 
derivative of an acid obtained by exchanging 
the whole or a portion of the hydrogen of the acid 
for metal, or as a compound of two radicles, one 
positive and the other negative. If the latter form 
of description is adopted,positive radicle of 
the salt may geners^y be regarded either as k 
metal or as a group composed of a metal and 
non-metal, the non-metal being usually oxygen, 
and the negative radicle may be regarded as 
either a non-metal or a group composed of 
negative elements. The following formula 
repreaoy composition of some s%lU:— 


The most generally applicable way of looking 
at double salts, when attention is paid solely to 
composition, is evidently to regard them as com¬ 
posed of two salts. All double salts will thus 
be brought within the general formula leM.yN, 
where M is one salt and I) another. But if the 
constitution of the double salts is to be under¬ 
stood, and the salts are to be classified, attention 
must be paid not only to their composition but 
also to their properties. Some double salts in¬ 
teract with various reagents as chemical wholes; 
thus the body PeCy 2 . 4 KOy reacts with acids to 
give the acid H 4 FeCys and a salt of K; so also 
it reacts with many metallic salts in solution to 
give pps. of the composition M^ 4 F 6 Cy, or 
Mii^FcCy^, where is a monovalent, and a 
divalent, metal. The double salt in^question is 
therefore regarded < as the K salt of the acid 
H 4 FeCy 4 , and its formula is written K^FeCyg, a 
formula which is strictly conformable with 
Fed,, Fe(NO.,) 7 , Fo^fSOjlpUnd other formnljE of 
simple sails. Other double salts Interact with 
various reagents as if the^ were composed pf two 
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slmplo aaUsi tVttw, igCy;KCy reacts acids: 
to produce HCy, a salt ol Ag, and a salt ot K. i 
Other double salts react with some reagents in ' 
one way, and with others in another way; for ! 
instance, HgOy,.2KCy is decomposed by acids ' 
witli evolution of HCy, but an aqueous solution' 
of this double salt reacts with lead or zinc salts 
to form a pp. of ngCy.,.PbCy 2 HgCy^eZnCy,, 
respectively. In tho latter clianges the double 
salt HgCyj.SKCy reacts as if it were KJIgCy 4 . 

A slight extension of the applicafion of tho 
concefition of compound radicles is probably 
sufficient to bring the double salts within tho 
generally accepted notions of chemical constitu¬ 
tion. If we examines few reactions of a speci¬ 
fied compound, we may arrive at a conception of 
its constitution which finds expression in a 
structural formula representing the compound 
as built up of certain radicles. But a more ex¬ 
haustive study of tho same compound may lead 
to another structural formula. Thus, the formulas 
H.C,H,0„ C,H,O.OH, and CHj.COOII mark sue- 
cessive advances in the chemical study of acetic 
acid. The third formula is the best, fieoause it 
►mggests more reactions than citlier of the others. 
In tho case of such a compound as acetic acid 
we cannot actually build up the compound from 
the radicles which wo represent in tlie formula. 
But we are gcnorally able to build up a double 
salt by bringing together two simple salts; hence 
wo aro apt to think that the atomic complex 
which forms the reacting unit of the salt must 
bo composed of these two radicles which have 
actually boon caused to combine. This may not, 
however, be the proper view to take of the con¬ 
stitution of the salt; whether it is or is not the 
proper view can be determined only when an ex¬ 
haustive study has been made of tho reactions 
of formation and decomposition of the com¬ 
pound. But as most double salts have only been 
superficially examined, our present conceptions 
of tho constitution of those bodies cannot be 
regarded as final. In connexion with the subject 
of double salts v. article Salts. M. M. P. M. 

BEAOOK’S BLOOD. A red resin. American 
dragon’s blood flows from incisions in Picro- 
carpus draco growing in the West Indies. A 
similar resin is obtained from Croton draco. 
Indian dragon's blood is found on tho ripe fruits 
and leaves of various species of Calamus. Ca¬ 
nary dragon’s blood comes from Dracama draco. 
It dissolves in alcohol, ether, and oils, forming 
a red solution. It is partially soluble in alkalis 
(Johnstone, Tr. 1839, 134; Herbergor, Buchn. 
Repert. 37, 17; 40,138). According to Bobbie 
a. Henderson {Ph. [3] 14, 301) these resins may 
bo arranged in four groups : — 

(а) Sol. CHClg, CSj, and benzene. 

(б) Sol. CHCI3, insol. CSj, and benzene. 

(c) Sol. CHCl,, partly sol. CS,., sol. benzene. 

(ff) Insol. CHCh, CS..,, and benzene. 

Tho other properties of these resins are some¬ 
what dissimilar:— 

fa) 0,.H,aO,. [80°1. From Calamus draco» 

(iic'Xo:. [c.l00=] 

(c) CnH„0,. [ 0 . 80°]. From dracama. 

Tho following proportioB probably relate chiofly 
to the rosin from Pterocarpus draco 

On (Ivy distillation it gives tolueno and styrene 
ffildnard a. Boudanlt, C. Ji> 17, 503; 10, 505; 
lilytb a. Hofmann, A. 63, 320). Potash-fusion 


forum Jetd, j-oiy-bonzoio acid, and 

pUoTOgluoin (Slaslwetz a. Barth, A. 134, 283). 
Bl3ti)latt0n with zinc-dust gives a large quantity 
of styrene, together with toluene, ethyl-benzene, 
and three oils, C„H„0 (215°) V.D. 6-6, 0„H,,0 
(M8») V.D. O'OO, and O^^O, (238°) ’(BStsoCk 

DBDFOSE V. Sdoar. 

DUALISM. As the study of chemical com¬ 
position was developed by Lavoisier, Dalton, 
Davy, Berzelius, and others, chemists gradually 
drew a marked line of distinction between two 
classes of compounds, those namely which when 
dissolved in water had a sour taste, dissolved 
metals, corroded animal matter, and changed 
the colour of some vegetable substances from 
blue to red, and those whoso aqueous solution 
had a soap-like action on the skin, did not dis¬ 
solve metals, and restored the colour of the 
vegetable Substances which were altered by tho 
first class of compounds. But these two groups 
of compounds comprised a minority of tho bodies 
; which it was the business of chemistry to in- 
I vesligate. There were very many substances 
which did not possess the characteristics of 
f c ither class; as investigation proceeded it was 
; discovered that the greater number of the mem- 
’ bers of the intermediate class could be produced 
' by tho interaction of bodies belonging to one of 
the extreme classes with bodies belonging to the 
other. Compounds belonging to the first class 
; were called acids, the second class was named 
I bases or allcalis, and a compound formed by the 
I mutual action of an acid and a base was called a 
I salt. 

i The mode of production of salts suggested 
the view that these compounds are built up of 
two parts, one of which has the characters of an 
acid, and the other the characters of a base. 
This view was confirmed by tho results of the 
electro-chemical researches of Davy and Ber¬ 
zelius. Tho passage of an electric current 
through a salt very frequently produced one 
body having the characters of an acid, and 
another having the properties of a base. Ber¬ 
zelius supposed that every salt is essentially com- 
posed of two parts, one of which is electrically 
positive to tho other; in some cases each part 
or radicle of a salt is itself an element, in other 
cases each part is itself a group of elements. 

Having expounded his view of chemical 
action as an electrical phenomenon essentially 
consisting in the attraction of one body, either 
elementary or compound, by another with an 
electrical polarity stronger than that of the 
first, Berzelius proceeds thus:— 

‘ If these elootro-ohemica) conceptions are just, it fol¬ 
lows that every chemical compound Is dependent on two 
opposing forces, positive and negative electricity, and on 
tlioso alone; and that every compound must be composed 
of two parts held together by their mutual electro¬ 
chemical reactions. Tlicreforo it follows that every com¬ 
pound body, whatever bo t^e number of Its oonstiiuente, 
can be separated into two parts, whereof one is positively 
add the other negatively electrilied. Thus, for example, 
sodium sulphate U put together, not from sulphur, oxygen, 
and sodium, bat from sulphuric acid and soda, which again 
oiiu theraselves be separated Into positive and negative 
coiwiituents. So also alum cannot be regarded as Im- 
mcdiiitely built up from its elements, but must rather be 
looked ou as the product of a reaction between sulphate of 
alitmiuii and sulphate of potash, the former acting as a 
negative, the latter as a positive element.’— 
ed.), 3, pt. 1. it 
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DUALISM.' 


This is the dootrine of dmlimy a doctrine 
which prevailed in chemistry for something 
like half a century. As soon as a new salt was 
prepared, the dualistic chemist set himself to 
construct a formula which should represent the 
salt as composed of two parts, or radicles, one' 
positive and the other hegative. The formula 
given to the same salt was not always the same; | 
but in whatever way the formula was modified, 
in accordance with the known reactions of the ' 
salt, the fundamental conception of binary 
structure remained. The following formula, 
among others, were given at different times to 
sodium acetate—(C=6, 0=8):— 

04 HjNa 0 ,.H {0 

04 H,Na 04 .H, 

(C,H5Na)OjO,-HaO 

C^H^Na-O, 

C,H,Na0,.H,0, 

The conception on which dualism was based, 
the conception, namely, of binary structure, was 
extended to acids and bases; every acid and 
every base was regarded as composed of two 
radicles, one of which was frequently, but not 
always, an element. A complete system of 
chemical classification was thus developed: one 
element combines with another; the compound 
is evidently a binary one; the compound inter¬ 
acts wii another binary compound; the pro¬ 
duct is still binary although each part is itself j 
a compound; the new compound enters into ' 
chemical union with a compound as complex as 
itself; the product is still essentially built up 
of two parts. Each elementary atom was re¬ 
garded by Berzelius as endowed with both posi¬ 
tive and negative electricity, but one of these 
predominated over the other, so that the atom, 
considered as a whole, was either negatively 
or positively electrified. When a positively 
electrified atom combined with one which was 
negatively electrified, Berzelius said that op¬ 
posite electricities neutralised each other, but, 
he added, the el^tricities formerly masked in 
the separate atoms now come into play, so that 
the new group of atoms, considered as a whole, 
is either positively or negatively electrified, and 
in virtue of this the new group of atoms is 
ready to combine with other atoms or groups of 
atoms, provided the predominating electricity 
on these is of opposite sign to that on the first 
group. As compounds become more complex 
the less readiness do they exhibit to enter into 
fresh combinations; this was accounted for by 
Berzelius as a consequence of the neutralisation 
of the predominating or stronger electricities by 
the first combination of the elementary atoms. 
Suppose an atom to have a large charge of posi¬ 
tive and a small charge of negative electricity, 
and suppose this atom to come within the sphere 
of action of another having a large charge of nega¬ 
tive and a smaU charge of positive electricity; these 
atoms will have a great afiinity for each other- 
according to the Berzeliom doctrine of dualism— 
they combine, and the compound will bo 
either positively or negatively electrified, but the 
total charge will be considerably smaller than 
that on the original atoms. 

Chemical affinity was regarded by the Ber- 
idiansohoolasoonditionedbytif notas synonym¬ 
ous with, greater or smaller electrical charges. 
Suppose that a series of binary compounds has 


been produced, one of these being very stable, 
another loss stable, another unstable, and so on, 
I the electrical charges on the atoms of the most 
stable compound must have been gi'eater than 
the charges on the atoms of the less stable com¬ 
pounds ; therefore a greater quantity of eleotri- 
city will be required to tear asunder the atoms 
which form the most stable compound than is 
required to decompose an equivalent quantity of 
one of the less stable compounds. But Fara¬ 
day’s researches on electrolysis showed that the 
passage of the sarao quantity of electricity 
through a series of electrolytic compounds of 
varying chemical stability resulted in the de¬ 
composition of chemically equivalent masses of 
these compounds. This result was opposed to 
tho dualistic conception of afiinity, and lionco to 
tho whole system o£ dualism. 

The researches of Liebig and Graham on tho 
constitution of acids gradually led chemists to 
regard these bodies as essentially compounds of 
hydrogen with negative elements or groups of 
elements; they came to look on the reaction be¬ 
tween an acid and a metal as consisting in the 
replacement of part, or the whole, of the hydro¬ 
gen of the acid % the metal, and they recognised 
that the hydrogen of some acids could be re¬ 
placed by metal in two, three, or more, succes¬ 
sive stages. An acid thus carao to be regarded 
as a whole, tho functions of tho parts of which 
depend on llie nature of these parts, and pro¬ 
bably on their arrangement relatively to each 
other. But tho dualistic chemist asserted that 
hydrogen belongs to tho class of metals, because 
both are distinctly positive elements, and he 
maintained that the replacement of one posi¬ 
tively electrified atom by another positively elec¬ 
trified atom might be expected to result in the 
production of a compound resembling the ori¬ 
ginal; tho acid type is preserved, he asserted, 
i when a salt is formed by putting a metal in the 
place of the hydrogen of an acid; both acid and 
salt are dualistic structures of the same kind. 
It is impossible, asserted tho follower of Berze¬ 
lius, to replace the strongly positive hydrogen in 
a compound by a distinctly negative element 
without producing a compound of an entirely 
different typo from the acid ; a negative element, 
such as chlorine, cannot, he said, be put in the 
place of the positive element hydrogen; if hy¬ 
drogen is removed and a compound containing 
chlorine is formed, this process must consist in 
the breaking down of one dualistic structure and 
the formation of another totally unlike the first. 
But in 1839 Dumas prepared trichloracetic acid 
and proved this compound to be very similar to 
acetic acid, although it was produced by replacing 
three atoms of hydrogen in acetic acid by throe 
atoms of thfi markedly negative element chlorine 
(C. R. 8, C09). Dumas retained the notion of types 
or families; but he said that compounds were to 
be placed in this or that family, because of their 
actual reactions of formation and decomposition, 
and not because a certain hypothesis required 
them to be olassif ed in a certain way. 

Dualism had paid too exclusive attention to 
composition; Dumas, and the founders of tho 
wiiiary hypotJbesiSt maintained that no chemical 
classification can bo approximately final which 
does not endeavour to study the properties an 
i well as the compositions of the bodies to be 
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olasBlfied ( 9 . OusBinciTXOK; also Salts, and 
Types). M. M. P. M. 

DUBOISIKX. Identical with Hyoscyauinb 

(g. V.). 

SULOAMABIN Occars in thQ 

stalks of the common nightshade, Solanum dul¬ 
camara (Wittstein, Vierte^ahrb. f. pr. Pharm. 
1, 864, 495; E. Geissler, Ar. Ph. [3] 7, 289). 
Amorphous, with bitter taste followed hj a per¬ 
sistent sweet taste. Sol. alcohol* and acetic 
ether. Basic lead acetate ppts. CjjHajPbOm 3aq 
and 5aq. Dilute acids resolve it into 

glucose and resinous dulcamaretin Oi.HogO*. 

DULCITE C,H„0, U. 

CHj(OH).(OH.OH)^.CH,OH. Melampynte. Mol, 
w, 182. [189°]. S.G. i-fi 1'466. S. 3 at 16°. S. 
(alcohol) *07 at 16°. H.P. 294,000 (v. llechen- 
berg); 317,600 (Berthelot a. Vieille, A. Ch. [6] 
10, 466; Bl. [2] 47, 868). H.C.v. 729,100; 
H.C.p. 729,400 (B. a. V.). 

Occurrence. —In Madagascar manna (Lau¬ 
rent, Compt. Chim. 1850, 364 ; 1851,29; A. 76, 
3.58; 80,345; Jacquelain, Compt. Chim. 1851, 
21; A. 80, 345). In Melampyrum nemorosum 
(Hiinefeld, J. pr. 7, 233; 9, 47; A. 24, 241 ; 
Gilmer, A. 123, 372); in Scrophularia nodosa 
and Rhinanthus Crista-galli (Eichler, Bcp. 
Chim. pure, 2,103); and in the camlnal cells of 
Euonymus europams (Kubcl, J.pr. 8.5, 372). 

Formation.—By reducing galactose or milk 
sugar with sodium amalgam (Bouchardat, A. Ch. 
[4] 27, 68; C. R. 83, 199; 84, 665, 806,1406; 
Bl. [2] 18, 115). 

Preparation.—1. From Madagascar manna 
by reorystallisation. —2. The decoction from 
Melampyrum nemorosum is boiled with addition 
of milk of lime, and the solution concentrated ; 
the hot solution is acidified with HGl, and on 
cooling dulcite crystallises out (Eichler). 

Properties. —Glittering monoclinio prisms, 
usually aggregated in crusts. Slightly sweet in 
taste. Inactive. SI. sol. acetone, chloroform, 
and acetic ether, insol. ether. It does not reduce 
Fehling’s solution. Does not undergo alcoholic 
fermentation. At 200° it loses water, becoming 
duloitan 0,21,jO^, a thick syrup. Dulcite is 
neutral to litmus, but according to Klein (C. R. 
99,144) a solution of dulcito (1 mol.) mixed with 
borax (^ mol.) is acid. Sodium paratungstate 
acts like borax. 

Reactions. — 1. Boiling dilute nitric acid 
forms mucio, racemic, and oxalic acids (Laurent; 
Carlet, C. R. 61,137 ; 53, 343). Fuming HNO, 
forms thehexanitrate.—2. H^SO^ forms a penta- 
tulpburio acid.—3. HI forms secondary hexyl 
iodide (Erlenmoyer a. Wanklyn, 0. J. 15,455).— 
4. Cone. HClAq at 0° forms unstable crystals of 
C,H„0,HC13aq (Bouchardat, A. Ch. [4J 27, 
168 ).— 0 . HClAq at 100° slowly forms the 
dichlorhydrin C^HijClaO^. This forms tables, 
insol. water and alcohol; it is split up at 180°, 
or by boiling water, into HCl and duloitan 
chlcrhydrin CuH„C10„ which crystaUises 
from ether in needles [90°], and is partially 
convened by boiling water mto dulcitan. The 
dichlorhydrin is converted by alcoholic NH,into 
duloitamine OgHjjNOj, a strongly alkaline 
syrup which absorbs OO 2 from the air and forms 
a crystalline hydrochloride B'HCl and platino- 
ehloride B'sH^PtCl,. Sodium amalgam converts 
doloite ichlorhydrin into gummy duloidoC^HuO*. 

VoL. U. 


Fuming HNO, gives 0^,CL(NO,), [108°]. 

6. HBr gives C„H,,OsHBr3aq, and 

CgHjiBrO, [143°] under conditions similar to 
those under which the corresponding chlorine 
derivatives are formed. The prolonged action 
of a large excess of Hj^rAq at 100° forms syrupy 
CgH^Br^O. Dulcitan chlcrhydrin is converted 
by HBrAq at 100° into crystalline OgHuClBrO,. 
Duloite dibromhydrin is converted by fuming 
HNO, into C,H*Br2(N0,), [100°]; while 
C^H.^ClBrO^ gives C,HeClBr(NO,), [116°].— 

7. HIAq (S.G. 2*0) at 16° forms 0 «H, 40 eHI 3 aq, 
which is completely resolved into its components 
by water.—8. Boiling AcCl forms C^HrC^OAo),, 
which forms minute crystals.—9. AcjO forma 
several acetyl derivatives (v. infra). Butyric 
acid at 200° gives oily di-bntyryl dulcitan 
C„H,„(C4H,0)jOs.—10. If bromine (5 g.) be added 
to a solution of dulcite (5g.) in water (40 g.) 
containing NajCO, (12 g.), and the product sub¬ 
sequently tested with phenyl hydrazine, the 
phenyl hydrazide CigHjjN^O, [206°] of an alde¬ 
hyde or ketone phenyl dulcitosazone ’) sepa¬ 
rates as yellow flakes (Fischer a. Tafel, 2J. 20, 
3381).—11. By heating dulcite with pheivyl 
cijanatc there is formed C 4 H„(OH)(O.CO.NHPh)j 
[ 0 . 252°], very sparingly soluble in aJl solvents 
(Tessmer, B. 18, 971). 

Metallic compounds. — CyH^BaO^Saq; 
prisms, v. sol. warm water.—OjHjPbjO, 3aq (at 
100^ ).—CeHgCusO.Saq (at 100°). 

Hexanitrate C 4 H„(NOj),. Nitroduldte, 
[c. 70°]. From dulcite (1 pt.), fuming HNO, 
(5pt8.), and H^SO^ (lOpts.), the mixture being 
immediately thrown into water (BSchamp, C. R. 
51, 257; Champion, Bl. [2] 22,179). Colourless 
flexible needles (from alcohol). When kept for 
a month at 30° to 46° it evolves red fumes, 
and apparently changes to the tetranitrite 
C.H,(OH) 2 (NO ,)4 [130°-140°J, which crystaUises 
from alcohol in prisms. 

Tri-aiclphuric acid C,jH,(S 04 H),(OH)j,. 
From dulcite and H^SO, ^Eichler).—^Ba,A"',; 
gummy. 


Penta-sulphuric acid CBHg(S 04 H) 4 ( 0 H). 
When dulcite is added in small portions to 
chlorosulphurio acid {CISO4H), and the product 
is dissolved in water, a solution is obtained 
whence a barium salt may be got in the form of a 
hygroscopic powder. Writing ba for 4Ba, it is either 
(baS 04 ),C 4 H«( 0 H), 2aq or (baS 04 ), 04 H., 3aq. 
The latter formula represents it as derived from 
duloitan, and, in fact, if the free acid is heated 
on the water-bath dulcitan is produced (Claesson, 
J.pr. 128,16). 

Di-acetyl derivative C,H^(OH),(OAo),. 
[176°]. From boiling AOjO (12 pts.), HOAo 
h20pts.), and dulcite (10 pts.) (Bouchardat). 
Scales. SI. sol. cold water, insol. ether. A by¬ 
product is diaoetyl dulcitan C,H,,Ac,Op a 
bitter substance, sol. water and ether. 

Penta-acetyl derivative 
G 4 H,(OH)(OAc),. [163°cor.]. FromC,H,Cl(OAo), 
by boiling with alcohol. Needles. 

Sexa-aeeiyl derivative CfEMkc)^. 
[171°cor.]. From dulcite (lpt.),Ao 50 (opts.), 
and HOAo at 185°. Hard crystalline plates; 
sublimes at 210°. A by-product in its prepara- 
tion is tetra-aoetyl-duloitan Cfi^O{Okv)^. 
an insupportably bitter rosin. 

£B 
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Sexa^hBnsoyl derivative CaHg(OBz)^. 
[147®]. From dulcite (1 mol) and BzCl (8 mols.) 
at 160®-200®. Crystals (from alcohol), inaol. 
waW and ether. HNO, mixed with HjSO^ con¬ 
vert it into C,H„(O.CO.C^H^NOj)a. Tetra-benzoyl- 
duloitan C«HgO(OBz). is a^resin formed as a by¬ 
product in preparing hexa-aoetyl-dulcite. 

Isodnlcite OgH^Og or CgHijOj aq. Bhamnoee. 
[92®]. S.G. V l-i71. S. 66*7 at 18®; 109 at 
40®. [«]D-8*07®in a 21 p.c. aqueous solution 
at 17®; [a]DB>13® in fresh solutions (Bayman 

а. Emis, C. 0.1888, 6 ). Prepared by the action 
of dilute HjSOg upon qucrcitrin (the yield being 
10 p.o., Hlasiwetz a. Pfauudler, A. 127, 302), 
opon the glucosideof buckthorn berries (Bbam- 
nu 5 infectoria) Liebermann a. Hdrmann, B, 11 , 
952; Berend, B. II, 1353), and upon sophorin 
(Fdrster, B. 15, 215). Monoclinic crystals, sol. 
water apd alcohol. In very dilute alcoholic 
solutions it is hevorotatory, in concentrated 
alcoholic and in aqueous solution it is dextro¬ 
rotatory. 10 c.c. of Fohling’a solution, equivalent 
to *06 g. glucose, arc reduced by ’055 g. isodulcite 
(Will, B. 18, 1316). Isodulcite also reduces 
ammoniacal silver nitrate, Knapp’s reagent, an 
qlh^ine solution of indigo, an alkaline solution 
ofltgFcCyg, and picric acid (topicramic acid). 
It does not affect Schiff’s reagent. H^SO^ dis¬ 
solves it unchanged. Does not undergo alcoholic 
fermentation with yeast. At 100® it gives oS 
HjO becoming GyEi^O,, sometimes called iso- 
duloitan, which takes up HP again on dis¬ 
solving in water. 

Beaefieww.—1. Potash and iodine give a 
very little iodoform.—2. ((t)-Naphthol and HjSO, 
give a bluish-violet colour.—3. Thymol and 
HaSOg give a crimson zone rapidly turning 
Wown.—4. Phenyl hydrazine mixture gives a : 
Heavy pp. C 6 H,o 03 (N;jHPh )2 or Ci^HjjNp, 
[171®] si. sol. water, v, sol. alcohol (Bayman, 
Bl [2] 47, 668; Herzog, M. 8, 227).—4. Hented 
with phenyl-hydrazine in alcoholic solution 
it gives a pnenjd-hydrazide CijHjgNp, or 
C 4 H,P,(N 3 HPh) [159®] V. si. sol. alcohol (liay- 
man, B^ [2] 47, 760; Fischer a. Tafel, B. 20, 
2566).—6. A mixture of E^SO^and HNO, forms a 
very unstable explosive nitrate CjH„(NO 1 ) 302 .— 

б . Moist silver oxide oxidises isodulcite to acetic 
acid. CrO( does the same. Bromine followed 
by AgjCO, oxidises it to C«H,P, [143®] (Will a. 
Peters, B. 21,1013), or [142®] (Bayman, B. 21, 
2046). This 'isodulcite saccharin ’ forms needles, 
T. soL water and alcohol, si. sol. ether; 
[•]d“ “39®; S.G. 1'0325; S. 11.—7. Aqueous 
NaOH and BzCl form a crystalline mixture of 
tri- and tetra-benzoyl derivatives.— 8 . AcjO at 
120®-140° forms resinous acetyl derivatives. 

Sodium salt CgHuNa-P^. From isodul- 
die and alcoholic NaOEt (Liebermann a. Ham¬ 
burger, B. 12,1186). Crystalline powder. 

Isodnloite carboxylic acid C,H,p,. Lac¬ 
tone C,H,P,. [168®]. Formed by heating iso- 
dulcite (26 g.) dissolved tn water (25 c.c.) with 
anhydrous HOy (7*6 c.c.) at 80®; and subsequeht* 
saponification (Fischer a. Tafel, B. 21, 1657; 
2173). Oonoentrioally grouped needles, v. sol. 
wat^ and alcohol, v. si. sol. ether. Beduoed by 
HI and P to n-heptoio acid. * 

ISODULCmC ACID C.H.P,. [100®]. Formed 
by oxidising isodulcite with HNO, (S.^1. 1’33) 
(Malin, A. 146,197). Crystalline grains, v. sol. 


water, v. si. sol. alcohol. Does not reduce Feh- 
ling’s solution. — CgH^bjO,. — OgHpdO, (at 
120®). — CgHHBaOB (at 120®): whiU pp. — 

O, HPa0, (at 120®). 

. ISO-DULCITONIC ACID 

Formation. —6y oxidising isodulcite with bro¬ 
mine the lactone of isodulcitonio acid is formed. 
This is converted into salts of the acid by boil¬ 
ing with the respective carbonates (Will a. 
Peters, B. 21,1814). 

Properties. —The free acid is not known. 
When liberated from the salts it is always the 
lactone [148®] which is ppd. 

DUMASIN C,H,P(Kane); C«H,p (Ilcintz, 

P. 68, 279; Fittig, A. 110,^1). V.D. 5*2 (Kane). 
One of the products obtained by passing ace¬ 
tone or acetic acid through rod-hot tubes (Kane, 
P. 44, 494) or by the rapid distillation of ace¬ 
tates. Oil. Lighter than water. Besemblcs 
mesityl oxide. Combines with NaHSOj the 
crystalline compound C,.H,u0NaHS08 2aq being 
decomposed by boiling water. On distillation 
with MnO. and HCl it gives C^Hpip (150®- 
155®). 

DUODECANE v. Dodecane. 

DDRENE i.e. C,H,(CH,), [1:2:4:53. 

s-Tetra-methyl‘bcmene. Mol. w. 134, [81°]. 

(196° i. V.). 

Occurrence.—In tho fraction 170®-180® of 
coal-tar oils (Schulze, B. 18, 3032; cf. Berthe- 
lot, BL [2] 8. 226). 

Forvuition.—l. From bromo-\j/-cumone [71®], 
Mel, ami Na (Jannasch a. Fittig, Z. 1870, 161; 
Nef, A. 237, 3 ; Gattcrmann, A. 244, 56).—2. 
From di-bromo-73j-xylone Mel, and Na (Jan¬ 
nasch, B. 7, C')2 ; Gissmann, A. 216, 201). 
Similarly from ili-brorno-;>xylone (Jannasch, B. 

10, 1357).—3. By the action of MeCl in presence 
of Aipi|. upon toluene, 0 - or p- xylene, or 
i|/.cuniene (Friedol a. Crafts, A. Ch. [6J 1,461; 

11, 270; Ador a. Uiliiet, B. 12,331; Jacobsen, 
B 14, 2629).—4. By the action of Slel on a 
mixture of i^'-cumene, CSj and AlXl,. at 100® 
(Claus a. Foecking, B. 20, 3097). -6. In small 
quantity by passing oil of turjientine through t 
red-hot tube (Montgolfier, A. Ch. (^J 19,164). 

Properties. —Monoclinic crystals with faint 
odour. V. sol. alcohol, ether, and benzene, si. 
sol. cold HOAc. May be sublimed. 

Reactions.-1. Gives by oxidation pyromel- 
litic acid C„H^(COH) 4 , tri-methyl-bpn/oic acid 
C, H ,(CH3)3(C02H), di-methyl-benzoio acid 
c'H'(CH 3 ),(CO,H).,,andacetic acid (Beater,B. 11, 
3i). - 2. By leaving in contact with 10 times 
its weight of ordinary cone. H^S 04 about \ of 
it is converted into a mono-sulphonic acid. 
This Bulphonic acid is very unstable, being par¬ 
tially reconverted into durene by cold cone. 
HBOj. By the prolonged (3 or 4 days’) action 
of cone, H..SO, in tho cold or for a shorter time 
at 80°-100® upon durene or its 8ul|fiionic acid a 
complicated reaction takes place with produc¬ 
tion of two pseudo-cumene-sulphonic acids 
C,H 2 Mej(S 03 H)[l: 3 : 4 : 6 ] and [1:3:4:2], a sul- 
phonic acid of the (1:2:3:4) tetra-methyl-ben- 
zene (prebnitene), and hcxa-mcthyl-benitieDe. 
In this remarkable reaction tbe H^SO, behaves in 
a similar manner to AICI3. By the action of cold 
fuming H.SO, upon durene a disulphonic acid 
is obtained which is much more stable than the 
mono-sulphonio a$id (JacobseQ, B. 19,1209).“^ 
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8, Heated with PClj at 195® it gives a chloride 
which when treated with water at 175® 
loses all its chlorine. As there is no acid 
formed it is probable that this chloride contains 
neither the group CCl, nor the group CHCl,. A 
chloride GjoHnGl, may be obtained from the 
ligroin which serves to purify the G,oH,<,Cl 4 ; it 
is changed by boiling water into a viscous mass^ 
si. sol. ether (Golson a. Gautier, A. Ch. [0] 11, 
30).—4. Benzoyl chloride in presence of AljCl, 
at 120° forms phenyl tetra-methyl-phenyl ke¬ 
tone C^j.CO.CJlMe, [119°] (343°), and di- 
phenyl tetra - methyl - phenylene diketone 
(G,.H 5 CO)jG,Me 4 [27(J°] (Friedel, Grafts, a. Ador, 
0.jR. 88, 880).—5. Acetyl chloride and AljClg 
give C.iHMej.CO.CH, (253°*uncor.) which may 
be oxidised to G^HMe^.CO.GO^H whence sodium- 
amalgam produces G«HMej.CII(OIi).COaH [156°] 
(Claus a. Feecking, B. 20,3097). 

tt-Durene C„H 2 (CH 8)4 [1;3:4:6J. Isodutene, 
(196° i. V.). 

Fonnation. —1. From bromo-mesitylene, Mel, 
and sodium (Jannasch, B. 8 , 3561.—2. By the 
action of ZnCl^ or I on camphor (Armstrong a. 
Miller, B. 16, 2259; Montgolfier, A. Ch. [5] 19, 
161).—3. By treating penta-methyl-benzeno with 
ILSO 4 (Jacobsen, B. 19, 1216).—4. From mesi- 
tyieno (or toluene), MeCl, and Al^Cls (Jacobsen, 
B. 14, 2629; Claus a. Ftecking, B. 20, 3007; 
Friedel a. Crafts, A. Ch. [ 6 ] 1, 461). 

Pro 2 >crlies, —Oil. Gives on oxidation mello- 
phanic acid C,.H^(C 08 H )4 and three acids of tho 
formula C,H,(CHh),C 02 H. 

c-Burene O^H.^(CHs )4 [1:2:3:4]. Prehnitene. 
[—4°]. (201° i. V.). Obtained by hydrolysis of 
its sulphonic acid, which is found amongst the 
products of the action of cone. HjSO^ upon s-du- 
reno (Jacobsen, B. 19,1211). It appears also to 
be formed by the action of Mel and sodium upon 
bromo-i|#.cu!nene (Kelbe a. Tatho, B. 19, 1551). 
Formedftlso by the action of H;S 04 on penta- 
methyl-benzene (Tolil, B. 21, 904). JDiluto 
HNOs oxidises it to C,JL.(CH,,) 3 C 02 H; more ener¬ 
getic oxidation gives prohnitic acid C 4 H 2 (CO^H) 4 . 
The picric acid compound crystallises from 
alcohol in yellow needles [95°J. c-Durene forms 
a di-bromo- derivative [210 ‘J, a intro- derivative 
[61°], and a di-nitro- derivative [178°]. 

V, also Bromo-, Chloro-, and Nrruo- doeenks. 

Burene dihydride C,„U,^. (166°).'In animal 
oil (Weidel a. Ciamician, B. 13, 73). Gives 
isophthalio acid on oxidation. Successive treat¬ 
ment with bromine and aniline converts it into 
cymene. The oil appears also to contain an 
isomeride (172°). 

BUBENE CAEBOXYIJC ACIB v. Tbtua- 

UBTHYli-BENZOXO A01I>. • 

BBBENE SULPHONIC ACIB C 4 HMe,(SO,H). 
Obtained from Caucasian petroleum by sulpho- 
nation (MaAownikoil a. Ogloblin, A. 234, 99). 
Formed, together with its chloride and di-duryl 
Bulphone by treatment of powdered durene with 
2^ pts. of OISO 3 H at 0°. Crystalline solid. V. 
sol. water, but ppd. by HJSO 4 . When left to 
stand with H^SO, for 12 hours at 50° it is ebn- 
verted into bexa-mothyl-benzene, c-durene sul- 
phonic acid, and two ij'-cumene sulphonic acids. 
When distilled with dilute H 2 SO 4 hydrolysis 
begins as soon as, through evaporation of water, 
the temperature rises to 120® (Armstrong a. Mil¬ 


ler, C. J. 45, Id'?). By fusion with KOH it gives 
durenol [137°]. 

Salts.—A'Na: pearlyrhom'bioplates; v,«ol. 
hot water, si. sol. cold water, nearly insol, dilute 
NaOH.—A'K: thin rhombic plates, si. sol. cold 
water.—A'-^Ba: pp. c4 small scales or rhombic 
plates, V. sol. hot water.—A'jCu; light blue six- 
sided tables; v. si. sol. water. 

C?iZorideC 8 HMo 4 (S 0 . 401 ): [99°]; glistening 
prisms; v. e. sol. ether, si. sol. alcohol at 0 °. 

Amide C 4 HMe 4 (S 0 . 4 NH 2 ): [155°]; long 
prisms (from alcohol) or long slender needles 
(from water); v. sol. hot, si. sol. cold, alcohol, 
si. sol. hot water, nearly insol. cold water (Jacob¬ 
sen a. Schnapauff, B. 18, 2841; 19,1210). 

M-Durene-sttlphonio acid Cn,H,^(50,H). 
Plates or tables containing 2aq. Prepared by 
dissolving isodurene in ordinary H 2 SO 4 at 100 °- 
120 °. „ 

Salts.—A'Na: moderately sol. flat prisms. 
—A'Kaq.—A'-Ba: flat prisms, 8 . 57 at 15°.— 
A'^Ca 3aq.—A'aSr 9aq.—A'sPb 3aq.—A'^Co 7i|aq. 
—A'.,Ca.—A'Ag. 

Amide [118°] (J.); [143^5 (Kelbe a. Pathe, 
B. 19,1553). Long fine needles, v. sol. alcohol, 
si. sol. hot, nearly insol. cold, water (BioleiM^ 

A. 108, 381; Jacobsen, B. 15, 1853). 

c-Burene sulphonic acid CrtllMo,(SO,H) 

[1:2.3:4:?]. Prehnitene sulphonic acid. Formed, 
together with other products, by tho prolonged 
action of cone. H.^S 04 upon durene ( 2 - v.) or its 
sulphonic acid. Small needles. Sparingly soluble 
in moderately dilute H.,S 04 . 

Salts.—A'Naaq: small glistening soluble 
tables.—A'jBa: small flat sparingly soluble 
crystal s 

Amide C^HMe 4 (S 02 NH 2 ): [187°]; small 
glistening prisms ; sol. hot alcohol, si. sol. cold 
(Jacobsen, B. 19, 1211). The same acid ap¬ 
pears to be formed by the aulphonation of the 
product of tho action of Mel and sodium upon 
bronio-'^'-cumone ; tho amide of the acid so 
formed melts, however, at f77° (Kelbe a. Patho, 

B. 19, 1552). 

Burene - di - sulphonic acid C 8 Me 4 (S 08 H). 2 . 
Prepared by dissolving powdered durene in cold 
fuming sulphuric acid; on pouring the melt 
into ice and water the sulphonic acid crystallises 
out. It is much more stable than the mono-sul- 
phonic acid, only being hydrolised when steam 
is passed througli the H^SO, solution, or when 
the salts are heated to 170° with HCl. 

Amide C 4 Me 4 (S 02 NH 2 )j: [above 310°]; 
small glistening crystals; sol. alcohol (Jacob¬ 
sen, B. 19, 1217). 

DURENOL C..HMe,(OH). [117®]. (250°i.V.). 
Formed by fusing sodium durene sulphonate 
with KOH. Large flat prisms. Sublimable and 
volatile with steam. Its bromo- derivative 
C„BrMe 4 {OH) forms long glistening prisms, 
[118°]; its 7iitro- derivative Ca(NOJMo 4 (OH) 
yellow crystals, [130®]. By long melting with 
I 0 H it is converted into oxy-durylic acid 
‘C,HMe 4 (OH)C 02 H [1:3:4:5:6] (Jacobson a. 
Schnapauff, B. 18, 2843). 

iso-Borenol C, 2 H„.OH [108®]. Colourless 
crystals. Prepar^ by fusing iso-duren^-sul- 
phonio acid with ECH (Jacobsen, B. 15, 1854). 

c.Dttrenol 04 H(OH«) 4 (OH) Cl:2:3:4:5]. Prehn- 
itol. [87®]. (266® i.V.). From c-durene sul- 
phonio acid by potash-fusion (Tdhl, J8.31, 904). 
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liODg silky needles (from ligroin); v. e. sol. 
alcohol and ether. Not coloured by Fe^Gl,. 
Gives a bromo* derivative 

Aeetyl derivative 0|H(GH,)«(0Ac): 
[&J °]; prisms. 

DURIDINE C,H{OH^,(NH,). [14®], (263®). 
8.G. ^ -978. One of the products obtained by 
heating xylidine hydrochloride with MeOH 
(Hofmann, B. 17, 1913).—B'HCl (at 100®).— 
BVH^tClg (at 100®). 

Zsa*DaTidine C,nM 0 ^.NHa. Amido4etra- 
mcthyhhmzcnc. (260®i.V.) at 740 mm. Formed 
by heating pseudooumidine or mesidine hydro¬ 
chloride with methyl alcohol at 200®-300'’ (Nol- 
ting a. Baumann, B. IB, 1149). Colourless licjuid, 
which solidifies in a freezing mixture. 

Salts.—B'HCl! email white prisms.— 
B'jH^CLjPtCl^: yellow tables. 

AcetyldcrivativeG^IAQylATlh.Q: [ 211 ®]; 
white needles, v. sol. alcohol, si. sol.'lvatcr. 

BBBOftBINONE C„Ma,0,. [Ill®]. Trcpiired 
by reducing di*nitro-durene to duryleno diamine 
with zinc-dust and acetic acid, removing the zinc 
by H.^S, and oxidising the solution with FeCi„. 
Formed also by the action of warm NaOHAq 
upon Me.CO.CO.Et (Pcchmann, B. 21, 1420). 
liOng yellow needles. Sublimable. V. e. sol. 
ether, chloroform, benzene, alcohol, and acetone, 
v. BOl. hot, but si. sol. cold, ligroin. lleduced by 
zinc and HOAc to a substance [c. 210®], which 
is easily reoxidised to the quiiione (Nef, B. 18, 
2806; 0. J. 63, 428; .4. 237, 5). 

DBEOYL-BENZOIC ACID v. Tetiu-uetiiyl. 

SBMZOTL-BENZOIC ACID. 

DDBTLIC ACID v. if-CoMiNic acid. 

Qninone of durylio acid v. iI'-Cumoquikonb 
04RBOXIUO AOm. I 


DDBYL METHYL KETOKE 
CH,.CO.C,HMe«[l:2:3:4:0]. (264®). From. 
durone, AoCl, and AlCI, (Claus a. Forsling, B, 
20,3098). Liquid. V. sol. alcohol and ethsr. 

, 0«im. [148°]. Small plates. 

I . Phenyl hydrazide [215®]. Needles. 

a-Duryl methyl ketone 

Cn,.CO.C,HMe,[1:2:4:6:01. [63®]. (251®). From 
s-durene, AcCI, and AlCl, (C. a. F.). Pearly 
plates. 

Phenyl hydrazide. Small silky crystals? 
decomposing at 226®. 

DI-DDRYL SDLPHONE C„HMe,.SO,.C,HMe,. 
Sulp}iO‘duride. [37°]. Formed, together with 
durene sulphonic acid and its chloride, by the 
action of sulphuric chlorhydrm (2}pta.) upon 
powdered durene at O'. Long priaiiis. Can be 
distilled in vacuo. V. sol. alcohol, ether, benzene, 
and ligroin, insol. water (Jacobsen a. Schnapauff, 
B. 18, 2841). 

DYNAMITE v. Glyceuin. 

DYS-ALBUMEN v. Pkotkids. 

DYSLYSIN C.,,II,,Ov [above 140®]. A pro¬ 
duct of the decomposition ofcliolic acid obtained 
either by heating it to 300-' or by treating it 
with dilute HCl or HjSO, (Berzelius, A. 33,139; 
43,1; Thcyer a. Kehlosser, yl. 60,235; Strocker, 
.<1. 07, 22; Iloppo-Scyler, J. pr. 89, 83). Amor- 
phous resin, insol. water, si. sol. boiling alcohol, 
sot. ether. Jnsol. alkalis. Named from its in¬ 
solubility. Boiling alcoholic KOH reconverts it 
into cholic acid. 

DYSLYTE C«H,NA- [ISO®]. S. ’07 in 
97 p.o. alcohol at 10®. Formed, together with 
eul^e, by treating citraconic acid with cone. 
HNO, (Baup, A. 81,102; Bassett, 1871, 701). 
Long slender needles (from alcohol). InsoU 
I water. 


E 


EABTH8. The term earths is applied to the 
oxides of a number of the elements which are 
difiioultly reducible to the metallic state. The 
majority of elements of this class are of very 
rare occurrence in the concentrated state, being 
found accumulated in but few minerals, such, 
for instance, as in gadolinite, cerite, keilhauitet 
orlhitc, samarskite, euxenite, and a few other 
minerals. In minute quantities, however, tlio 
earths are ^seminated throughout the whole 
mineral kingdom. Cossa has detected cerium 
and didymium in all classes of volcanic rocks; 
certain kinds of clays contain as much as one 
per cent, of cerium; and didymium may even 
be detect in sea-water by means of its absorp¬ 
tion-spectrum. Yttria, an earth very rarely 
found in quantity, be detected in almost 
every mineral species, in corals, and everi in 
animal bones. Samarium, an element of the 
earth class, and even more rarely found in quan¬ 
tity than yttrium, seems to have the same ubi¬ 
quitous character, and is not unfrequently found 
in appreciable traces in the minerals celeatine, 
stfonUanite, and native carbonate of lead, 

oxides of the following elements are usu¬ 


ally classed together as earths: haritm, stron¬ 
tium, calcium, magnesium, beryllium, alumi¬ 
nium, zirconium, titanium, thorium, lanthanum, 
didymium, cerium, yttrium, erbium, terbium', 
and the more recently discovered elements, about 
the existence of some of which there is yet con¬ 
siderable doubt, scandium, ytterbium, decipium, 
holmium, thulium, samarium, gadolinium, and 
dy:.prosium. 

From a chemical point of view some of those 
elements exhibit characteristics so widely dif¬ 
ferent as to render'it necessary to divide them 
into at least two groups; viz., those whose salts 
are not ppd. by ammonia, the hydrates being 
soluble in water and possessing a strongly alka¬ 
line reaction; and those ppd. by ammonia. To 
the first group belong barium, strontium, and 
calcium, whose oxides are termed the alkaline 
earths; all the o^ers are ppd. by ammonia. 

The analogies shown by the oxides of some of 
these elements with the oxides of the heavy and 
easily reducible metals would seem to throw 
them out of the list of earths; such are mag¬ 
nesium and beryllium; the existence of the 
stable oxides MgO and BeO seems to indicate 
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that theie metals belong to the same group as 
et^dmium and zinc. The same maybe said of tho* 
rium» zirconium, and titanium, which constitute 
a natural group with tin, forming the oxides 
As beryllium, thorium, zirconium, and titanium, 
are almost invariably found associated with the 
earths proper they are here retained in giving an 
outline of the chemical methods of effecting the 
separation of this numerous class of bodies from 
each other. 

It is only within recent years tlrat the list of 
earths has been so much extended, and there is 
every reason to believe that tho number will be 
further increased, not so much, it may be, by 
^finding that rare and ill-examined minerals con¬ 
tain new elements, as by discovering that some 
of the bodies already wellhnown are in reality 
mixtures of two or more oxides; it is, however, 
to be remembered that the existence of all the 
oxides of elements enumerated above is not yet 
finally proved. The discoveries that have already 
been made in this Held have proved the hetcro- 
geneous character of some well-known oxides or 
earths; this is exemplified below. This splitting 
up of an earth into two or more constituents is 
not to be looked upon as an act of dissociation 
(g. u.), but is merely the result of more refined 
methods of attacking the dilTlcult problem of 
isolating the several already known earths in a 
state of purity, combined with a very close study 
of variations in theirspectroscopiocharacteristics 
when the various elements are isolated from dif¬ 
ferent mineral species. It is sullicient merely 
to glance over tho discoveries that have been ; 
made relating to tho earths, to understand the 
diilicnlties under which this branch of mineral 
chemistry labours, and upon what facts it is 
possible to assume, with any degree of certainty, 
the homogeneous or heterogeneous character of 
a material. Owing to the great similarity in the 
cliemical reactions of many of tho eartlis, to 
isolate»ariy particular earth is a most tedious 
operation, as there are no known sharp methods, 
such, for instance, as for the aepaiation of silver 
from copper,or copper from iron. When a pure 
material has been prepared the further chemical 
treatment of which fails to produce any variation ^ 
in the atomic weight of tlio element, or in the 
depth of colour of the oxide, or in the intensity : 
of any of the bands in the absorption-spectrum ' 
of the salts, it is a^sutnrd that the material is of | 
a homogeneous character. But in preparing • 
one particular earth it has been customary to | 
select some mincial in which it predominates, I 
and to purify the earth from all the others that ' 
contaminate it in small quantity. Even then 
only in one or two instances can it be asserted 
that the oxide is pure; an fact theoretical con¬ 
siderations show that to obtain % pure material : 
by the methods employed is an impossibility. ' 
l^or example, samaria, which is undoubtedly a | 
white oxide, is invariably tinted pale yellow be- ; 
cause oi a trace of adhering decipia, and the tint | 
may be diminished in depth by numberless repe- i 
titions of fractional precipitation; so also yttria ! 
is tinted pale yellow by a trace of terbia, al- ; 
though Cleve in one instence obtained a small 
quantity of a pure white colour; gadoUna, doubt¬ 
less a white oxide, has a pale yellow colour due 
to a trace of decipia; lanthana, a white oxide, 
can only mUx great difficulty be obtained free 


from the last traces of praseodymia which colours 
it grey, although the absorption-spectrum shows 
no evidence of its presence. Inversely it may be 
assumed that thole oxides which are coloured are 
more or less contaminated by the colourless ones, 
as terbia with yttria, decipia with gadoUna andsa- 
maria, praseodymia^itli )authanu,anderbiawith 
ytterbia and scandia. The chemical history of 
the earths indicates the above method of proceed¬ 
ing to be fallacious, and would seem to show 
that the only alternative is to isolate the same 
oxide from a number of different sources, and to 
examine if there are any dilicrences in the phy¬ 
sical characters of the different specimens; such 
as in the molecularweiglits, the depth of colour of 
the oxides, or in the intensity of the bands of 
the absorption-spectra. Tho advisability of this 
method is evident; for it is highly probable that 
two closely allied elements may exist in one 
mineral in such quantity as to make it appear 
to be a Itomogeneous substance, while the same 
material isolated from a different source by the 
same chemical methods may consist of the two 
oxides in such a totally different ratio as to show 
' its complex character by discrepancies in the 
molecular weights, colour of the oxides, or the 
intensity of the bands in the absorption-spectra. 
This has indeed been found to be the case in 
several instances; yttria was usually considered 
to have a pale yellow colour, and this oxide and 
erbia were the only two oxides which Bunsen and 
Bahr, as well as Cl^ve, could isolate from gado- 
linite, although Mosander had recorded the exist¬ 
ence of a yellow or orange-coloured oxide, asso¬ 
ciated with these two, which he named terbia. 
Ill examining the yttria mineral samankiU 
found in North Carolina, L. Smith and Delafon- 
taine observed that the yttria had a much deeper 
yellow tint than was usually ascribed to it when 
extracted from gadolinite, and these chemists 
ultimately succeeded in separating the orange- 
coloured oxide terbia fromthewhiteyttria. More 
recently De Boisbaudran, examining terbia from 
different sources, consider himself justified in 
asserting tho existence of a number of oxides 
having an orange colour, showing no absorption, 
spectrum, but differing in molecular weights. As 
another instance: tho salts of didymia obtained 
from cento show a very charactcristio absorp¬ 
tion-spectrum ; Delafontaine, when examining 
the spectrum of the didymia from saviarskite, cb- 
served that the bands in the blue region of the 
spectrum differed from those shown by the didy- 
mia from cerite ; and De Boisbaudran, working 
upon this material from samarsMte, eliminated 
the oxideof the element giving the blue bands and 
gave the element the name samarium. The great 
preponderance of didymia over samaria in cerite 
had previously mask^ the existence of the latter, 
whereas in saniarskite samaria is relatively abon 
dant compared with didymia, and shows its pre¬ 
sence at once by the absorption-spectnim. Ma- 
rignac again, in examining erbia, discovered that 
by many repetitions*©! the process of fractional * 
‘decomposition of the nitrate by fusion, the pink 
material yielded a more easily decomposable salt 
of a white colour, and named the oxide ytterbia; 
and Nilson, preparing this white oxide ytterbia 
from erbia, found that the molecular weight dif- 
fered from Marignac’s material, and this he ulti¬ 
mately found to be due to the presence of anotW 
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vhit6oxid« «'hose oitrate is more readily decom- 
) 08 ed by beat than ytterbia; this white oxide Nil- 
ion has called scandia. Oldre, studying the ab- 
lorptioD-speotra of diferent Motions of erbia» 
soDoluded that this oxide is really a mixture of 
hree, the true erbia, and two others which he has 
lalled holmia and Idmlia. Holmia has been ex¬ 
amined by De Boisbaudran (C. R. 102, 1003) by 
Iraclional ppn. of the sulphate by alcoliol; it ap¬ 
pears to consist of two oxides, holmia, and one 
which ho names dysprosia, both showing absorp¬ 
tion-spectra. b’inally, the most striking discovery 
relating to the earths is that made by Von Wcls- 
bach {M. 5, 608). Thischemist has found that by 
Brystallising a mixture of the nitrates of didy- 
mium, lanthanum, and ammonium in an acid 
medium, certain double salts are formed, the frac¬ 
tional crystallisation of which, repeated several 
hundred times, results in the scpai alien of didy- 
mium into two elements, one fonniug greon- 
ooloured salts, hence n&niQdL praseodytjiiujn, and 
the other forming salts of an amethyst colour; 
this second element Von Welsbach calls neody¬ 
mium ; these elements show absorption-spectra 
of a totally different character. This is a most re¬ 
markable discovery when it is considered how 
much labour Gl^ve and others liave given to the 
preparation of pure didymia and its salts by frac¬ 
tional ppn. without apparently observing any 
facts to indicate its complex character; and more 
particularly as one constituent gives grccu- 
coloured salts, whereas didymium salts have 
always been recorded as possessing a red or pink 
colour (v. Didymium, p. 383). 

The foregoing facts show how necessary it 
is to isolate a particular earth from buveial 
minerals which contain it in largo as well as 
small quantity, before it can be as,serted to be a 
homogeneous body; and when several specnnciis 
have been obtained, the absorptiou-sp. ctra, the 
atomic weights of the elements in each, and the 
depth of tint of the oxides, mu^t agree in all the 
specimens. Kriiss and Nilson [B. 20,2131) have 
worked upon several minerals, and in particular 
upon large quantities of Ferguaonite, and from a 
atudy of the absorption-spectra of various solu¬ 
tions they conclude that samarium, erbium, 
neodymium, praseodymium, and other bodies 
showing absorption-spectra and considered to be 
elementary, are in reality of a complex character 
and consist each of a large number of elements. 
This result is arrived at judging only by the 
variations in intensity of the absoriition-bands, 
bat it would be premature to attach much weight 
to the assertions of these chemists until fairly 
pure specimens of the various bodies have been 
isolated from the several sources, for it is not 
improbable that in a mixture of a large number 
of elements, the absorption-bands of one may 
influence the intensity of those of another. 

The following list of elements comprises the 
metals of those earths which have as yet been 
prepared in a fairly pure state, although a few 
are, as aforesaid, looked u^on by some chemists 
as mixtures of several earths. ' 

Aluminium Tttriom Lanthanum 

Beryllium Erbium Neodymium 

Zirconium Terbium Praseodymium 

Thorium Holmium Samarium 

Scandium Dysprosium Cerium 

Ytterbium Thulium Gadolinium. 

Decipium 


Those elements whose salts show absorption* 
spectra are erbium, holmium, dysprosium, thu¬ 
lium, neodymium, praseodymium,and samarium. 
The oxides aro all white, with the exception of 
erbia which is pmk; holmia and thulia, pink f?); 
d^cipia, orange; neodymia, blue (VonWolsbacn ); 
praseodymia, dark brown; ceria, pale yellow; 
gadolina, white (pale yellow, Marignac); terbia, 
orange. 

Tlio chemical methods for effecting the indi¬ 
vidual separation of the earths are either by frac¬ 
tional fusion of the nitrates, or fractional ppn. 
With dilute ammonia; those oxides which are 
ppd. by KjSO^ (u. post) are all much more basic 
tlian those not so ppd., and the order of basicity 
of the two groups is as follows, beginning with 
the most basic (assuming the existence of the 
bodies enumerated as distinct earths) 

La > Prd > Nd > Sm > Gd > Dp; 
and for the ytliia group, 

Y > Tb > 1-lrHoTm > Yb > Sc, 

An oxide is regarded as more or less basic than 
another according as it is displaced from its salts 
with more or less difllculty than the other oxide. 
The relative basicities of two oxides are deter¬ 
mined by fractionally ppg. a solution containing 
salts of both oxides. Thus if an insufBciency of 
a pptant. is added to a mixture of two earths in 
A 

solution in the ratio and the pp. contains the 

earths in the ratio then A is said to be more or 

b 


less basic than £ according as the ratio ^is 

b 

<or> ; the less basic earth yields more easily 


to the pptant., the more basic resists its action 


inoro. 

In the coritc earths, decipia, being the least 
basic, accumulates in the first pps.and lanthaiia 
remains in solution; while in the yttria group, 
scandia and yttria stand at the two elcremcs. 
The oxides ceria, thoria, zirconia, and bcryllia, 
as well as alumina, are easily separated by 
methods other than fractional ppn. or fusion. 

The sources from which the earths are ob¬ 
tained are few. The best known mineral con¬ 
taining these oxides, and apparently the most 
abundant, is cerite, which consists largely of 
ceria, with about 15 p.c. of lanthana, praseo¬ 
dymia, and neodymia; the amount of samaria 
and decipia is small, being about thrce-tentlis 
p.c.; gadolina only a trace; and thereis generally 
a BniuU quantity of the yttria group of earths. 
Gadolinitc and cxtxenite are each rich in yttria, 
erbia, holmia, with a small quantity of ytterbia 
and scandia; while aaqiarskite appears to be the 
must abundai^t source of terbia, samaria, and 
gadolina, together with much yttria. 

Sepabatiom or the Eabths. —Before attempt¬ 
ing to isolate the earths individually, they are 
first separated as completely as possible from the 
heavy metals and the alkaline earths, and from 
niobio, tantalic, and titanic acids; fusing the 
finely ground mineial, should it be a niobate or 
tantalate, with KHS 04 ,and digesting with water» 
will leave NbjO^ and TogO, insoluble; if the 
mineral is a sihoate, like oeriU or gadoUnitet 
HClAq or HjSO^Aq may be employed to decom¬ 
pose it. The Cu, £i, <ko., in the solution aro 
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mh. by &mmoido otalate Is added ; if I 

the oxalate U in large excess the filtrate will 
contain the zirconia as well as horyllia and 
ainmina. The mixed oxalates are well washed, 
dried, and strongly heated, and tiie oxides thus 
formed are dissolved in liClAq; the evolution of • 
01 indicates the presence of CeO^; if the heating 
has been too intense, ZrO, and ThOj remain in¬ 
soluble The solution is ppd. by ammonia, and 
boiled to separate CaO, BaO, and SrO ; the pp. 
is redissolved, ppd. by oxalic acid, and the 
oxalates are heated. The colour of the strongly 
heated material will now give some indication of 
its character. It is invariably of a deep brown 
or pale yellow colouri the former indi(;ato8 the 
presence of much didymia (neodymia and 
praseodymia), and the latter tint indicates terbia, 
decipia, or ceria; the colouring materials didy- 
mia, terbia, and decipia appear to be peroxides 
which are reduced and become white, or green¬ 
ish white, when gently heated in a reducing 
atmosphere. 

The oxides are dissolved in nitric acid; the 
solution is mixed with three or four times the 
weight of the oxides of sodic nitrate, evaporated 
to dryness, and the residue is subjected to gentle 
fusion to decompose the ceric, thoric, and 
zirconio nitrates, should these bodies bo present; 
water is added and the liquid is filtered. The 
spectroscope will nowreadily reveal the presence 
of didymia, erbia, and such other earths as show 
absorption bands; the bands of samariaare very 
faint and a somewhat cone, solution is rc(iuired. 

The next step in the separation oJ the j 
earths is to divide them into two groups by ppg. 
the solution, either as chlorides, nitrates, or 
sulplxates, by R,SO^. To the nearly neutral 
solution move than sullicient KoSO, is added in 
fine powder to saturate the liquid, which is then 
allowed to stand some hours with occasional 
agitation; the pp. that forms is filtered otT and j 
washed ioveral times with a saturated solution 
of RSO*, the operations being done cold. The 
pp. and solution now contain the following 
elements:— 

Precipitate. 

Di, La. Co, Sm, Dp, Th, Zr, Od; 

' Filtrate. 

Y, Yb. Er, Ho, Tm, Tb, Sc. 

The pp. of Gd-salt is slightly soluble in a satu- 
rated solution of K.^SO^.but for the other elements 
the separation is practically perfect ft’, post). 
Both pp. and filtrate are decomposed with caustic 
soda, the pps. are well washed till free from 
sulphates, and both are redissolved separately 
in HNOjAq; if much Ce, ar, or Th is suspected, 
the pp. from the solution is again fused with 
sodio nitrate as before. 

The earths Di^,, La.^, Ac., are separated 
from each other by fractional ppn. of their 
nitrates by cold dilute ammonia; to the dilute 
neutral solution sufficient ammonia is added to 
ppt. a considerable portion of the whole, say 
about nine-tenths; the pp.*iB filtered off, re- 
dissolved in nitric acid, and again ppd. in about 
the same proportion as before, the operation 
being repeated upon each pp. till about only 
one-tenth of the original material remains. AU 
the filtrates are put together, and the operations 


are repeated as before,'andtlie final small pp. ix 
added to the previous one. The success of this 
method of operating depends upon the slight 
differences between the basicities of the various 
earths, the least basic tending to be ppd. first, 
and the most basic to remain in solution. The 
basic powers are, in order of increasii^ magnitude 
I Dp<<W<Sm<NdPrd<La; therefore the LOjO, 
tends to accumulate in the filtrates, and the 
Dp^O.,, GdjOj and Sin.^, in the pps. The ab¬ 
sorption-spectrum will show that the intensity of 
the NdG, and PrdjO, bands becomes less, and 
the colour of the oxide obtained by heating the 
oxalate becomes more nearly white, in the first 
filtrates as the process is repeated; the least 
basic material will do the same, inasmuch as 
Gd-Pg SmgOj are white and Dp^O, is orange 
yellow, whereas the intermediate fractions rich 
inNdjOj and Prd203 give very strong absorption* 
bands, and the strongly heated oxalates are of a 
deep coffe(?-brown colour. The difference between 
the basicity of Lap, and the other earths is 
much greater than that between any of the other 
two consecutive earths of the series, as Dp-Gd, 
Gd-Sm, Sm-NdPrd, so that the purification 
of La.O, is easy compared with the labour re- 
quiredfor the separation of the others. Assuming 
j that the less basic material is obtained free 
I from NdjO, and Prd-Pj.as shown by thespectro- 
1 scope, fractional pptn. is repeated on the material 
i till the filtrates give an oxide of a wliite colour 
I consisting of SraP, and GdjO,, which are 
' separated from each other by taking advantage 
of the greater solubility of the double sulphate 
of gadolinium and potassium in a cono- solu¬ 
tion of KjSO,. 

Another method of conducting the separation 
of the earths consists in using a number of flasks 
in scries, the central one being marked ‘ 0,’ those 
to tiio right marked +1, +2, -f 3, Ac., and those 
to tlio lelt -1, -2, -3, Ac. The solution to be 
fractionated is placed in the central flask marked 
‘ 0,’ and about one-half of the material is ppd.; 
tlic pp. is dissolved and plated in —1, and the 
filtrate is placed in + 1 . One half of -1 is 
ppil., the pp. is dissolved and put into —2, and 
tlio filtrate into 0; one half of +1 is thrown 
down, the pp. is dissolved and placed in 0, and 
tl\e filtrate is put into +2. In this way the 
operations arc repeated till the •¥n flask contains 
the most basic earths, and the — ft flask the least 
basic. 

The earths not ppd. by K^SO,, consisting of 
Y.20„Er,,0g,Tb20„ Ao.,are converted into nitrates 
and aro treated by either of two methods -— 
(1) by fusing the nitrates, or (2) by fractional 
ppn. with dilute ammonia. Tne first method 
would seem to be the more successful, as by its 
use soandia, ytterbia, holmia, thulia, and erbia 
have been isolated. The basicities of the earths 
being in the order Sc<CYb<Er Ho Sm^Tb<Y, 
the nitrate of scandia tends to decompose at^a 
lower heat and more readily than the ytterbia 
s^iU, the latter decomposes before erbia, holmia, 
Ac., and these decompose more readily than 
yttric nitrate. Hence, if the fusion has been 
oarriod nearly to complete decomposition, the 
fused mass when treated with water will give a 
solution rich in yttria and terbia, and containing 
little or no scandia and ytterbia. The insoluble 
material is redissolved in nitrio acid, and again 
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Babjeoted to fasion as before; tbe fused mass is 
treated with water and filtered, the operations 
being repeated yer; many times, as in fractional 
ppn. 

The methods giren above for separating the 
earths may be somewhat modified according as 
one or other of the elements preponderates. In 
working with the oerite earths the material, as 
nitrates, is first mixed with sodio nitrate, and 
subjected to the process of fusion to decompose 
the very large amount of ceric nitrate present; 
as the amount of the yttria earths in cerite is 
sme^, the solution from the insoluble ceric oxide 
may at once be treated by fractional ppn.; the 
yttria earths, being very much less basic than 
La,Oj or Dip,, collect completely with the Smp, 
in the first fractions, when this portion is then 
separated by K^SO,. Again, in such minerals as 
gadoliniU or samarskite, the amount of the cerite 
earths being small, fractional ppn. or fusion may 
be at once resorted to with the nitrates, and the 
most basic portions, containing all the La, Di, 
8m, <kc., may be finally treated with K.^SO^. 

Several methods of limited application are 
suitable for the separation of a few of the earths; 
didymia, containing a trace of lanthana, may be 
purified by ppn. in a strongly acid solution 
(EINO,) with oxalic acid.lanthanio oxalate being 
much more soluble than the didymic salt; the 
same process may be employed for separating 
yttria from terbia, the oxalate of the former 
being the more soluble; or this separation may 
be effected by dissolving the oxides in formic acid, 
and crystallising, the teibic formate being the 
less soluble. Small quantities of cerium are 
easily separated by ppg. with largo excess of 
soda, and passing chlorine through the liquid, 
which leaves the CeO, insoluble. 

The distinguishing characteristics of the ele¬ 
ments scandium, ytterbium, and yttrium are their 
widely different atomic weights, different spark- 
spectra, and the slight differences in basicities, 
these being in the order Sc<Yb<y. Erbia, 
holmia, and thulia are recognised by the bands 
in their absorption-spectra; decipia and terbia 
both give orange-coloured oxides, but differ 
in the fact that the former is ppd. by K^SO, ar 
a double sulphate, while the latter is not so ppd., 
gadolina and samaria, two closely-allied earths, 
differ also in the solubility of their double sul¬ 
phates with KgSO, in a cone, solution of this 
salt, and the former gives no absorption- 
spectrum. . 

The earths, known as rare, resemble alumina 
in being ppd. by ammonia, insoluble in excess, 
but differ from alumina in being insoluble in 
excess of soda or potash; they likewise resemble 
CaO, SrO, and BaO in forming, with the excep- 
tion of ZrOj, oxalates which are insoluble in 
water and oxalic acid or ammonium oxalate, but 
are slightly soluble in acids; ThOj and ZrO^ are 
ppd,, like AljO,, by sodium thiosulphate. The 
oxides of the oerite and yttria groups are all as¬ 
sumed to have the formula M^Os; most of th^ni 
form hi^er oxides by ppg. with ammonia in pre- 
. senceofHjOy Our knowledge of the rare earths 
is yet very incomplete. J. J. H. 

BABIES, KBTAL8 OF THE. The term 
fgfthf is one of those words which perpetuate 
the connexion of chemistry with dchemy. The 
meaning given to tbe term at different periods 


marks the change from the vague codceplionool 
the earlier times to the more precise knowledge 
regarding composition and properties which be¬ 
longs to modem chemistry. Earth was one of 
the four alchemical essences or elements. In 
later times the term was applied to all bodies 
which were insoluble in water and not changed 
by heat. ‘ Terra est corpus fossile,’ says Boor- 
have, in his Elementa ( 1732 ),‘simplex, 

durum, friabile, in igne fixum, in igne _ non 
fluens, in liqua, alcohole, oleo, aero dissolvi non 
potens.’ As investigation advanced, a separation 
was made between bodies which had many pro¬ 
perties of earths and yet were soluble in water— 
these were called the alkaline earths—and bodies 
which were not dissolved by water. Silica, 
alumina, gypsum, and ferric oxide, were taken to 
be the typical earths. Lavoisier’s demonstration 
of the change which occurs when a metal is 
burnt suggested that many earths might be 
I oxides of metals; Davy’s discovery of sodium 
and potassium marked a further step in the 
acquisition of accurate knowledge of the compo¬ 
sition of earths; and the labours of Berzelius 
and his followers completed the work which the 
alchemists began. 

The earths are the oxides of certain metals; 
these oxides are all insoluble, or only slightly 
soluble, in water; the oxides are reduced to 
metals with difficulty. There is still difference 
of opinion as to the list of metals whose oxides 
are to be included in the class of earths, but the 
matter is not one of great importance. The 
term is used in the present article only for con¬ 
venience of classing together a number of ele¬ 
ments which show distinct analogies. Tlie 
metals Al, Ga, In, Sc, Y, La. and Yb resemble 
each other in so many respects that it is advi¬ 
sable to place them in the same class; thallium 
also shows distinct analogies with AJ, Ga, and 
In; and the eight elements mentioned more or 
less resemble the non-raetallic element boron. 

These nine elements form Group III. in the 
periodic classification of the elements. This 
group is divided as follows 
Group III. 

Even series 

2 4 6 8 10 12 

B(11) Sc(44) Y(89) La(139) Yb(m) — 

Odd series 

3 5 7 9 11 

AI(27) Ga(G9*9)Ia(114) — Tl(204) 

These elements are all metallic except boron; 
scandium and ytterbium have not been isolated; 
some of the properties of those metals of this 
group which have been isolated are presented in 
the table on the nexl page. 

Chemiedt properties. —The earth-metals de¬ 
compose water, some of them at ordinary tem¬ 
peratures, e.g. y and La, others at I00“, e.g. Al, 
and others only at red heat, e.g. Tl. They are 
all oxidised when heated in oxygen, Al and Ga 
not at all readily; Tl is oxidised even by ex¬ 
posure to air. The metals oombine directly with 
the halogens to ftrm compounds MX,, and Tl 
forms also the gasifiable chloride TlCl. 

The well-marked oxides of the metals we are 
considering belong to the form M.^0,, but Tl also 
forms the very onaraoteristio oxide TLO; the 
oxides M,0, are basic, T1,0 is distinct alka- 
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Gallium 

Yttrium 

Indium 

Lanthanum 

Thalltum 

Atomie 

270» 


89'6 




wnyhti 

69-9 

113-4 

138-5 

203-64 


One ot moie compounas ol eaoli element, except 1 and La, have been gasified; 

Melting 

specific heats have been directly determined, except for Y. Molecular^weighU 
unknown. ® 

points 

Specific 

TOO” 

30° 

• 

(?) 

170° 

(?) 

285° 

gravities ! 

2'(i 

61 

(?) 

7-3 

C-2 

11-9 

(approx.) 

Specific 





heats 

•245 

■08 

(?) 

*057 

•047 

■034 

Occurrence 

Very widely 

In very small 

With Sc, Yb, 

In viTv small 

WUb,¥,Yb, 

In small 

and prepa- 

distributctl, 

quantities. 

La, <&c., as 

quantities, 

Ce, &c., as 

quantities. 

ratioji 

chiefly as 

as sulphide. 

silicate in a 

as sulphide, 

silicate in 

chiefly as se- 


silicate. Ob- 

in some zinc 

few rare 

income zinc 

a few rare 

lenide, fair- 


tained by 

blendes. 

Swedish 

ores. Ob- 

Swedish 

ly widely 


reducing 

Obtained by 

minerals. 

tamed by 

minerals. 

distributed. 


Al.Cl,.‘2NiiCl 

electrolysing 

Obtained 

reducing 

Obtained 

Obtained by 


byiNa 

alkaline so¬ 
lution of tho 
sulphate. 

by reducing 
Y. 2 Cl 4 . 2 NaCl 
by Na, or by 
electrolysis. 

oxido by C 
orll.orppg. 
solutions of 
salts by Zn. 

by reducing 
LiiOl^byK, 
or by elec¬ 
trolysing 
molten 
La,Cl 4 . 2 NaCl 

electrolysis 
of salts in 
solution; by 
ppn. by Al 
or Zn: or 
. by reducing 
oxide by 
KCN or C. 

Physieal 

Tin • white, 

Silver-white, 

Greyish-pow- 

White, very 

White-grey, 

Very las- 

properties 

fairly hard, 

fairly hard, 

dor(liUloin- 

soft, las- 

fairly hard, 

trous, mal- 

very mal¬ 
leable and 
ductile,very 
sonorous. 

rather brit¬ 
tle, very low 
melting- 
point. 

vestigated). 

trous. 

and ductile. 

leabilityand 
ductility 
small, very 
soft. 


line, forming the hydroxide TlOH, which is un* 
doubtedly to be classed with the alkalis. The 
most olmracteristic salts of the metals of tlie 
earths belong to the form M^SX, where X»SO,, 
SOg, CO,, 2 NO 3 , - 20103 , §P0^, &c.; T1 also forms 
very characteristic salts, Tl^X, closely resembling 
those of the alkali metals. The sulphates 
M 38 SO 4 of the odd-series members of the group, 
except Tl, the sulphates of Al, Ga, and In, 
combine with alkali sulphates to form alums 
M 33 S 04 .XjS 04 . 24 H.p, where M = A1, Ga, or In, 
and X>=> alkali metal usually X or thal* 
lous sulphate TI 2 SO 4 forms an alum in which 
it takes the place of the alkali sulphate 
(AIJ 38 O 4 .TI 2 SO 4 . 24 H 3 O). In the three elements, 
Al, Ga, In, the tendency to form more than one 
chloride increases as the atomic weight in¬ 
creases, and also the tendency of the chloride 
MjCl, CO dissociate into ISlCl, increases as the 
atomic weight increases. Al, Oa, ahd Y dissolve 
in XOHAq with evolution of H; in this respect 
they show analogies with someof the non-metals. 
Tl appears to form an oxide TIO^, and this oxide 
seems to be acidic. The chlorides Aids, GaCl|, 
and lnCl| exist as gases at very high tempera¬ 
tures ; there is evidence of tl^ existence as gases 
of GaOlg and InCh, and possibly of InCl; TlOl 
has been gasified, but TlCl, is known only as a 
solid. These data seem to indicate that the 
atoms of the earth-metals are trivalent, and per¬ 
haps also divalent, in gaseous molecules. 

The investigation of the earth-metals is yet 


very incomplete; so for as facts are available 
one may say that Al, Ga, and In are very closely 
related, that Sc, Y, La, and Yb form another 
f.amily, and that Tl shows relations with the Al 
family, but is also most distinctly analogous to 
the alkali metals on one hand and lead on the 
other hand. Boron, which is the non-metallie 
member of Group III., has already been con¬ 
sidered (v. vol. i. p. 621). M. M. P. M. 

BCBOLINE V. Ehgotinine. 

KCGONINE C^H^NO, i.e. 
0,NH,Me.CH(0H).CH,.CO,H. Iryow, offshoot. 
Teirahydride of Tetrahydro-&-oxy‘methyl' 
$-pyridyl-propionic acid. [198°]. Obtained, 
together with benzoic acid and MeOH, by heat¬ 
ing cocaine (C 3 NH 7 Me.Cfl(OBz).Cli^.COjMe) 
with HCi at 100'" (Wohler, A. 121, 372 ; Lossen, 
A. 133, 351). Boiling baryta, acting on coc^e, 
forms not only eegonine but also * isotropine' 
ChHijNO (Calmels a. Gossin, C. S. 100, 1143). 
Monoclinio prisms (containing aq) (from alco¬ 
hol) ; a:b:c - -8136:1: -6277; /3=87° 8 '. V. si. sol. 
water, m. sol. alcohol, insol. ether. 

• Reaciiciis. —1. The product obtained by heat¬ 
ing with Mel gives, after warming tfrith silver 
chloride and Ag, amothylo-ohloride,whence 
(C,H,,NO,MeCI),PtCl 4 may be obtained (Gintl a. 
Storch, If. 8 , 78).—2. Oxidation with £Mn 04 
gives succinic acid (Einhorn,B.21,50).—8. Heat¬ 
ing with H 2 SO 4 forms an anhydride (?), whose 
barium saUC|HH,MBaN, 04 is crystalline (Calmela 
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•. GoBsin, C, B. 100,1143).—4. Distillation with 
BaO gives metbylamine. 

SaU8.-B'^^tCL: [226°]; yellow powder, 
extremely sol. water, sL sol. alcohol. When its 
solution is heated there is formed B^^tCl^ as 
yellowish needles, v. sol. water, nearly insol. 
alcohol (0. a. G.).—B'HOL [246°]. SI. sol. 
alcohol (Liebermann, B.'21, 2351). 

Bemoyl derivative C^H,.0,NBz. [189°]. I 
(M.); [192°] (S.); [195°] (L. a. G.). Formed | 
as a by-product in the preparation of cocaine 
(Merck, J3. 18, 1594). Formed also by boiling 
cocaine with water for several hours (Einhorn, 
B. 21,47). Also from eogonine and Bz^O (Lie¬ 
bermann a. Giesel, B. 21,3196). Flat colour¬ 
less prisms; sol. water and alcohol, nearly insol. 
ether. Crystallises also in prisms containing 
4aq [92°] and [140°]. Decomposed by HCl into 
benzoic acid and ecgonine. Partially converted 
by Mel, dissolved in MeOH in presence of alkali 
into cocaine, although the greater palt is simply 
resolved into benzoic acid and ecgonine (Skraup, 
M. 6, 556; c/. Merck, B. 18,2204). In the same 
way, by beating benzoyl-ecgonine with alkyl 
iodides, the following homologues of cocaine 
may be prepared, ethyl-bonzoyl-eogonine 
CigHigEtNO^; [108°]; monoclinio prisms; 

propyl-benzoyl-ecgonine CigHjgPrNO, 
[79°j; and isobutyl-benzoyl-ecgonine 
CHH„(CH,Fr)N 04 [62°] (Novy, P/i. [3] 18, 233). 
According to Einhom (B. 21, 3443) the first of 
these homologues of cocaine is a liquid and the 
second a solid [58°]. 

Salt of Benzoyl-ecgonine B'HAuCI^: 
sparingly soluble golden leaflets. 

Anhydro-eogoaine GgHuNO^ i.e. 
CjNH;Me.CH:CH.C02H [235°]. Formed by the 
action of PClj (Merck, B. 19, 3002) or POClj 
(Einhorn, B. 20, 1221) on ecgonine. Crystals, 
V. sol. water and alcohol, almost insol. other 
solvents. With Br it forms CflHiaBr^NO^^, whose 
hydrochloride CgH,3r.^NO*HCl melts at i84°. It 
forms a perbromide [156°]. 

Salts.—B'HCk [241°].—B'jH.PtCl,. [223°]. 
—B'HAuCl,.—B'HI, [186°].—B'lLlir [155"]. 

Ethyl derivative .. Oil. Forms 

a hydrochloride [244°].—B'H^tClg [2U°J. 

BCHICEBIK V, Dita Bark. 

BCHITHf V. Dita Bark. 

ECHITENINE v. Dita Bark. 

EEFLOBESCENCE. The formation of a loose 
powdery deposit on the surface of a solid body is 
termed effl^escence. Some hydrated salts lose 
water of orystallisation by exposure to the air, 
and the surface becomes covered with a deposit 
of the dehydrated salt; orystalsof Na^COj.lOlIgO, 
for instance, effloresce in this way, the surface 
becoming Na2C0t.5H20. If a porous body is 
filled with a salt solution, the solution will be 
drawn by capillary action to the surface of the 
solid, and if the body in solution crystallises on 
the surface of the solid the phenomenon is called 
efiiorescencd; thus, the formation of nitre on 
the surface of the soil, 6r of sodium carbonate 
on walls, is an example of efflorescence, ^he 
term is also applied to the creeping of a solution 
op the sides of a vessel and deposition of the 
dissolved body; thus, if a solution of salam- 
inoniao is exposed to the air, crystals are formed 
where the surface of the liquid touches the sides 
of the vessel; the liquid then rises, by capillary 


I action, between these crystals, and more crystals 
I are formed above the first layer, and so on. 

I M. M. P. M 

£60 AIiBUMEH v. Fboteids. 

EIGOSAKE V. loosANB. 

ELiEOMAItOAEIC ACID C„H«,Oj. [48°]. 
Ooenrs as glyceride in the oil from the seeds of 
Elaooocca Vemicia (Clodz, C. B. 81, 469; 82, 
501; 83, 943). Trimetrio tables v. e. sol. ether. 
Absorbs oxygen from the air, becoming resinous. 
SunUght converts the oil of El®ococca into a 
solid fat, which on saponification gives eI®o- 
stearic acid [72°]. 

EL^OPTENE. The portion of a natural 
essential oil that does not readily solidify. 

ELAIDIC ACID. The solid polymeride ob¬ 
tained by the action of nitrous acid on Oleic 

ACID (q.v.). 

ELAIDIN. The solid polymeride of Olein, 
V. Olbio acid. 

ELASTIN V. Pboteids, A2)pendix C, 

ELATEEIN OmH^kO.^. Occurs in the spurting 
cucumber {Momordica Elaterium) (Zwenger, A. 
43,359; Morrus, A. 2, 366; Power, Ph. [3] 5,645). 
Hexagonal tables, insol. water, si. sol. etW, v. 
sol. alcohol. Purgative. Gives a cannine colour 
with phenol and H^S 04 (Lindo, Fr. 17, 500 ; c/. 

' Johannson, Fr. 24,156). 

ELECTEOLYSIS. The separation of a com* 
pound into parts ofiected by the passage of an 
electric current. A compound which is docom- 
posed by the passage through it of an electric 
current is called an electrolyte ; the parts into 
which it is separated are called the ions. When 
different electrolytes are decomposed by a cur¬ 
rent, the masses of the ions which carry with 
them equal quantities of electricity are in the 
proportion of the chemical equivalents of these 
ions. Conversely the masses of several ions 
which are chemically equivalent produce equal 
quantities of electricity by their combination 
with other ions; thus, suppose 32-7^ grams of 
zinc were dissolved in sulphuric acid, 28 grams 
of iron in hydrochloric acid, and 9 grams of 
aluminium in potash, the quantity of electricity 
set in motion by each action would bo the same. 
The electricity behaves as if it were divided into 
atoms, one of which is attached to each mono¬ 
valent ion, two to each divalent ion, and so on. 

In some cases electrolysis proceeds as if the 
mass of the electrolyte expressed by its chemical 
formula were being separated into ions; in 
other cases the action proceeds as if the mass of 
electrolyte decomposed by the current were a 
multiple of that expressed by the formula. 
There are some binary oompounds which are 
not edectrolytes, but which undergo electrolysis 
when mixed with other compounds that also are 
not themselves electrolytes. The application of 
the facts of electrolysis to chemical processes 
will be dealt with in the art. Physical methods. 

M. M. P. M. 

ELECTEONE0ATIVE and EIECTE0F08I- 
j TITE. When a binary salt is electrolysed into 
' its elements, one of the elements separates at 
the negative electiode and the other at the posi* 
tive electrode; the former element is said to be 
electropositive towards the latter. An element 
may be electropositive towards another element 
and at the same time electronegative towards a 
third element; thus in the elfotrolysis of a 
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metallio sulphide the sulphur will separate at 
the positive electrode, but in the electrolysis of 
sulphur chloride the sulphur separates at the 
negative electrode; sulphur is negative towards 
metals but positive towards chlorine. The terms 
electropositive and negative are used in che* 
mistry as practically synonymous with the terms 
basylooB and chlorous. The classihcation of 
elements into positive and negative is of use, 
inasmuch as with this property a number of 
others are associated; thus, if we kijow that 
an element is positive to many others wc con* 
elude that its chemical properties are those 
characteristic of metals; if, on tho other hand, 
the element is negative to a number of metals, 
we conclude that its oiidos will be acidic, that 
it will not form salts by replacing the hydrogen 
of acids, that it will possibly form a hydride, 
and that generally it will be characterised by 
non-metallio properties. M. M. P. M. 

ELEMENTS. Altliough the notion of an 
element or elementary body is one of the re¬ 
motest antiquity, it has reached its present form 
by a process of slow growth. Tho Aristotelian 
elements—earth, water, air, and fire —represented 
properties or conditions rather than actual sub¬ 
stances ; and the same may be said of the al¬ 
chemical elements—salt, sulphur, and mercury. 
A very casual review of the older chemical 
writings will show that these conceptions were 
scholastic rather than scientific, and yet they 
served their purpose in a primitive way and 
aided to some extent in the cbissifioation of 
material things. In a strictly chemical sense, 
the modern idea of an element, together with its 
implied distinction between elementary and com¬ 
pound bodies, seems to have originated with 
Boyle, who, in his Sceptical Chtjnnst and other 
essays, vigorously combated the earlier notions. 
He taught that such substances were to be re¬ 
garded as elementary as were not capable of 
further separation, and which, being obtainable 
from compounds, could yield like compounds 
again. Such elements, however, ho did not 
specifically define, nor did ho assign any positive 
limit to their number. 

From this point the conception of chemical 
elements slowly developed, changing as the re¬ 
sources of analysis changed, becoming more 
definite with the introduction of quantitative 
methods into chemistry, until with the decom¬ 
position of the alkalis and alkaline earths by 
Davy, and the discovery of the true nature of 
chlorine, it crystallised into its present form. 
To-day the myriads of known substances are all 
capable of ultimate analysis, and they are re¬ 
duced at last to aboutsixty-nine or seventy simple 
bodies, which resist all eflorte of the analyst to 
decompose them further. These single bodies, 
or elements, are as follows 
Aluminium Carbon Gold 

Antimony Cerium Hydrogen 

Arsenic Chlorine Indium 

Barium Chromium Iodine 

Beryllium Cobalt Iridium 

Bismuth Copper •Iron 
Boron Didymium Lanthanum 

Bromine Erbium Lead 

Cadmium Fluorine Lithium 

Cfesium Gallium Magnesium 

Calcium Germanium Manganese 


Mercury 

Bubidium 

Terbium 

Molybdenum 

Buthenium 

Thallium 

Nickel 

Samarium 

Thorium 

Niobium 

Scandium 

Tin 

Nitrogen 

Selenion 

Titanium 

Osmium 

Silicon 

Tungsten 

Oxygen 

Silver 

Uranium 

Palladium 

Sodium * 

Vanadium 

Phosphorus 

Strontium 

ytterbium 

Platinum 

Sulphur 

Tantalum 

Yttrium 

Potassium 

Zinc 

Bhodium 

Tellurium 

Zirconium 


To thoso may peihaps be added a few which 
are still doubtful, such as norwegium, holmium, 
thulium, &c., and some which are but dimly 
recognised as present in the cerite and gadolinite 
earths. It is also probable that some of those 
in the list are really not elementary substances, 
e.g. didymium. 

Upon comparison, these elements are found to 
fall into welAmarkeJ natural groups, tho mem¬ 
bers of each group showing close kinship, botli 
as regards themselves and their compounds. At 
first the classification of tire elements was super¬ 
ficial and tentative, bidng based upon partial 
resemblances; and oven tho broad division of 
them into metals and non-metals was far from 
being satisfactory. To the earlier chemists 
nitrogen and bismuth had nothing in common, 
carbon and tin were totally unlike, while vana¬ 
dium and chromium were classed together, and 
so too were telluriura and antimony. But by 
means of the hypothesis of valency a clearer 
insight was gained into the true relationships of 
the elements, and in the announcement of the 
periodic law (j.v.) by Newlaud, Mendelejel’f, and 
Lothar Meyer, their orderly sequence was at last 
definitely perceived. To-day all classification of 
the elements is based primarily upon that law, 
and illustrates chemical function rather than 
external properties. The former is fundamental, 
the latter are but secondary. Furthermore, in 
consequence of the periodic law all tho physical 
characteristics of tho elements’are now thought 
to depend ultimately upon atomic mass, and 
I thus thoir classification is directly correlated 
I with tho atomic theory. 

I Omitting a very few of the rarer and more 
imperfectly known elements, the following ele 
meiitary gioups may bo distinctly recognised. 
For tlio coiinoxiou of the several groups witli 
each other the article on tho periodic law should 
bo consulted {cf. also Ci;A8sibic.\TioN, p.203). By 
suitable divisions tho existence of sub-groups is 
I indicated: — 
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In each of these groups, or, more precisely, 
in each of the sub-groups, if the elements are 
arranged in the order of ^eir atomic weights, 
there is a regular gradation of properties from 
the lowest to the highest. Among their com¬ 
pounds precisely similar regularities appear, and 
exceptions are quite uncommon. If one element 
in a group forms certain well-defined compounds, 
we may fairly expect them to be paralleled by 
every other element in the same series, and their 
points of dissimilarity will follow a regular serial 
order. Throughout eacli group, with a few excep¬ 
tions, there seems to be one dominant valency 
representing the maximum stability among the 
derivatives of the members of the group, and 
these derivatives are frequently isomorphous. 
Indeed isomorphism between analogously con¬ 
stituted compounds is good evidence of chemi¬ 
cal kinship, although it is not proof positive. 

As regards abundance, associatjpn in nature, 
and modes of occurrence, the elements differ 
widely. Including the atmosphere and the ocean, 
the mass of the earth’s crust is mainly made up 
of thirteen of them, namely, oxygen, hydrogen, 
nitrogen, carbon, chlorine, sulphur, aluminium, 
calcium, magnesium, iron, potassium, sodium, 
and silicon. Certain others, such as fluorine, i 
manganese, lead, and phosphorus, are relatively | 
common, and others, like gallium, indium, and 
germanium, are exceedingly rare. Compara- ' 
tively few of the elements are found free in 
nature, and these are oxygen, hydrogen, nitro¬ 
gen, carbon, sulphur, tellurium, arsenic, anti¬ 
mony, bismuth, copper, silver, gold, mercury, 
sine, tin, lead, iron, and the six platinum metals. 
Of these only nitrogen, gold, and the platinum 
group appear to be more abundant free than in 
a state of union. Compounds are the rule, native 
elements the exception. In general terms, like 
elements occur under like conditions, and often 
in association with each other. Thus cobalt and 
nickel are seldom found entirely apart, the rarer 
earths are almost always commingled, and the 
platinum metals always occur more or less to¬ 
gether. Apart from the commoner rock-forming 
elements, the so-called' heavy metals ’ are chiefly 
found segregated in veins which are produced by 
infiltration; while the cerium and yttrium groups, 
beryllium, zirconium, thorium, &c., exist almost 
Boldy in granitic intrusions. Inscilimentury or 
detrital rooks the rarer elements whicli perhaps 
were present in the parent formations are so 
widely scattered as to be no longer discernible, j 
The older rock masses yield by far the larger 
proportion of the known elements. Even in vol- 
ctmic outflows the number of elements present 
seems to be relatively small, perhaps because no 
segregating influence has rendered the presence 
of the scarcer substances distinctly manifest. In 
orga&ie matter the elements carbon, hydrogen, 
oxygen, nitrogen, sulphur, and phosphorus are 
the dominating constituents. 

In the beginnings chemistry the fact that 
one Bobstance could be transformed into ether 
substances gave rise to all manner of alchemical 
speculations. Transmutations of matter gave 
the voung science its only raUon d'Ske, and no 
good reason existed for assigning any limit to 
such transmutability. The labours of the alche¬ 
mists, therefore, were not at all onphilosophical, 
but on the contrary they i%presented efforts at 


generalisation which were perfectly legitimate in 
their day. But as the modem conception of an 
element developed, limitations not previously 
recognised became evident, and the pendulum of 
chemical opinion swung over towards a belief in 
the absolute independence and individual inte¬ 
grity of the elementary bodies. From this point 
of view all theorising as to the nature of the ele¬ 
ments became unprofitable, and, indeed, was put 
outside the proper range of scientific investiga¬ 
tion. * 

Of late years, however, the question has been 
reopened, the ultimate character of the elements 
is no longer positively assumed, and the belief is 
gaining ground that they have been derived from 
still simpler fori^s, possibly one form, of matter 
by some process of evolution. It will be observed 
that the only evidence in favour of their elemen¬ 
tary nature lies in our present inability to de¬ 
compose them, and that evidence is purely ne¬ 
gative. It signifies merely a limitation in our 
immediate resources; not a limitation essential 
to the things themselves. On the other hand, 
the elements are connected by so many intimate 
relations that their complete independence of 
each other is hardly supposable. These rela¬ 
tions, being definite and surely not accidental, 
need some hypothesis to explain them, and such 
an hypothesis, if not fully framed as yet, is at 
least progressing in its formative stages. The 
chief lines of discussion now open are as follows: 

First, on the basis of the periodic law (v. 
Cmbsificaxion and Febiopio law). In his me¬ 
morable paper upon that subject Mendelejeff ar¬ 
ranged the elements in a tabular scheme,in winch 
' certain gaps existed. These gaps, he claimed, 
should be filled by undiscovered elements, for 
! three of which he predicted the properties in con- 
I siderable detail. Several years later, in 1870, 

! Lecoq de Boisbaudran discovered gallium, and 
I that metal was found to fill one of tlic gaps per- 
I fectly, conforming with curious accuKacy to Men- 
r delejell’s predictions. Since then scandium has 
' been discovered by NiUon, and germanium by 
' Winkler, and they with striking definiteness con- 
j firm the remainder of the prophecy. In brief, 

; the prediction of these three metals and its sub- 
1 sequent confirmation would not have been pos¬ 
sible were the elements entirely distinct and un¬ 
related. Again, if we plot graphically any set of 
physical properties of the elements, using them 
for absciss© and the atomic weights for ordi¬ 
nates, the periodic relations become strikingly 
manifest. This is seen in the case of Lothar 
Meyer’s curve of atomic volumes, in which simi¬ 
lar elements occupy similar places, and by means 
of which volumes not actually measured can be 
approximately estimated. Although as yet no 
such curve has been interpreted mathematically, 
there is little doubt but that in time the relations 
which are so expressed will receive accurate for¬ 
mulation. 

Secondly, there is spectroscopic evidence in 
favour of elementary evolution. If we accept 
the nebular hypothesis as to the origin of the 
solar system, we must give weight to the varying 
chemical complexity of the heavenly bodies. 
First, the nebula themselves are gaseous, and 
consist very largely of hydrogen. In the whiter, 
and presumably hotter, stars a few other sub* 
stances appear, more are found in tlie sun, and 
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finally we have the cooled planet, seemingly the 
most complex of all. This evidence was first 
summed up by Clarke in 1878 {Popular Scienco 
Monthly^ January 1878), who drew from it 
the oonolusion that the evolution of planets 
from nebula had been accompanied by an evo« 
lution of the chemical elements. In November 
of the same year, in a letter to Dumas, Lockyer 
put forth a similar conception, resting on the 
same evidence, and argued that in the hotter 
stars the elements are dissociated. I'his hypo¬ 
thesis has since been somewhat amplified by 
Lockyer in numerous publications, and has at¬ 
tained considerable notoriety. It may be further 
emphasised by the fatt that the thirteen com¬ 
monest elements are all of relatively low atomic 
weight, while the higher, denser, and probably 
more complex metals are, as a rule, scarce. Of 
course the weight of the latter argument is weak¬ 
ened by our ignorance of the earth’s interior, and 
the fact that the mean density of our planet is 
much greater than that of its crust. The heavier 
elements may be relatively more abundant near 
the centre of the earth, as the lighter ones are nt 
the surface. 

Still a third line of argument has been fruit¬ 
ful in speculative literature, namely, the study 
of relations between the atomic weights. In 1B2U 
Doebereiner showed that certain elements con¬ 
stituted triads, in which the middle term had an 
atomic weight nearly the mean of the atomic 
weights of the extremes. Such a triad is formed 
by calcium, strontium, and barium, by chlorine, 
bromine, and iodine, and by lithium, sodium, 
and potassium. In 1851 this matter was dis¬ 
cussed independently by Pettenkofer and by 
Dumas, and since then many other writers have 
studied it. It is now, of course, supplanted by 
the more general periodic law; but it led to one 
conception of curious interest. It was early no¬ 
ticed that each triad had certain resemblances 
to the sePles formed by organic radicles, as in the 
paraffin and olefine groups, and the question was 
raised whether a real analogy might not exist. 
Now in any organic series isomerism among the 
derivatives increases as we ascend, and a similar 
rule seems to hold in some groups of elements. 
One example will suffice. The metallic chlorides 
and bromides rarely, if ever, assume allotropio 
or isomeric conditions. But among the iodides, 
allotropy seems to be common; illustrations 
are furnished by the iodides of antimony, mer¬ 
cury, and cadmium. Each of these salts exists 
in at least two distinct modifications, while the 
corresponding chlorides and bromides show no 
similar variability. In itself this argument car¬ 
ries little weight, but with ^ther evidence it adds 
to the strength of tlie modem position. 

Passing over all other discussiohs concerning 
relations between the atomic weights, we now 
come to one controversy which still has living 
interest; the controversy over ‘Prout’s law.’ 
In 1815 Prout suggested that hydrogen, the 
lightest of the elements, might be the one primal 
form of matter, and claimed that the atomio 
weights of all the other elements were whole 
multiples of that of hydrogen. This hypothesis 
as to the atomio weights broke down in its ori¬ 
ginal form, but in 1859 Dumas endeavoured to 
show that it held as regards half and even 
quarter multiples. Then came Btas, with his 


marvellous determinations of many equivalent 
ratios, which seemingly proved the absolute un- 
tenability of Front’s law, even with Dumas’ mo¬ 
difications. In consequence of Stas’ researches, 
Prout’s law has been of late years out of favour 
’among chemists, and it has generally been as¬ 
sumed that the question was settled adversely. 
But in 1880 Mallet published his paper upon 
the atomic weight of aluminium {T. 1880.1003). 
In this paper he cites the atomio weights of 
eighteen elements which he regards as fairly 
well determined, and shows that ten of them 
have values varying loss than 0*1 from even 
multiples of unity. This concordance may bo 
accidental; but under the theory of probabilities 
the chances are 1097*8 to 1 against mere coin¬ 
cidence. Two years later, Clarke, in his ‘ Re¬ 
calculation of the Atomio Weights,’ extended 
Mallet’s argument to sixty-six elements, of which 
forty had ritomic weights, as then determined, 
falling within the limit of 0*1 variation from 
theory.' The forty agreements include nearly 
all the trustworthy determinations, while the 
twenty-six exceptions arc mostly among elements 
of which the atomic weights had been defectively 
ascertained. This evidence strengthens mate¬ 
rially the argument used by Mallet. It must 
be remembered that the methods ordinarily em¬ 
ployed for computing atomio weights tend to 
develop apparent variations, through the multi¬ 
plication of seemingly insignificant errors. The 
conclusion to be drawn from the whole discus¬ 
sion is, that some law like Prout’s, if not iden¬ 
tical with Prout’s, actually exists; for so large a 
proportion of close coincidences could hardly be 
due to mere chance. In this connexion the ob¬ 
servation of Meyer and Seubert (C. /. 47, 430), 
that about one-fourth of the elements have 
atomic weights approximating nearly to even 
multiples of one-half the atomic weight of oxy¬ 
gen, is surely worth noting. Recently there 
have been several attempts to bring the atomio 
weights under one general mathematical law, 
but the work so far done is hardly complete 
enough to warrant farther notice. The most 
promising effort is probably that of G. Johnstone 
Stoney (Pr. 44, 116). The whole question, 
however, is conditioned by discussions upon the 
possible variability of the atomic weights and 
the constancy of chemical composition, such as 
have been raised by Schutzenberger [BL 39,258), 
Butlerow {ibid. p. 263), and Cooke {Am. [3] 26, 
310). Little weight is at present attached to 
that class of speculations, although the argu¬ 
ments which they involve cannot wholly be 
ignored. 

To a certain extent the nature of the element! 
is considered by Sir Benjamin Brodie in his 
‘ Ideal Chemistry ’ and his ‘ Calculus of Chemical 
Operations; * but along lines of reasoning which 
cannot well be entered upon here. Very recently 
also the subject has been extensively treated by 
Crookes, and from a »ovel point of view. He 
hfis stndied the phosphorescent spectra of the 
rare earths; and has found that by working 
with products which represent hundreds of frao- 
tionaf precipitations, he can get strikingly differ¬ 
ent spectra for what is to all chemical tests one 
and the same oxide. Thus yttria, after mazky 
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Iraotionations, dtvideB into products which are 
unlike spectroscopically: just as if themoleculcs 
of the original earth had either been sorted out 
from a mixture, or else split up into new groups. 
These products, difiering from ordinary yttria,. 
are the' oxides of wha^ Crookes provisionally 
calls 'meta-elements.' In the same category, 
perhaps, we must place the neodymium and 
praseodymium of Auer von Welsbach, derived 
from didymium; and also the many doubtful 
earths obtained from samarskite, gadolinite, 
&o., by Mangnao,De Boisbaudran, and Kruss and 
Nilson. Unfortunately we do not yet know how 
to interpret all the phenomena, and the evi¬ 
dence admits of various explanations. Wo may 
have merely allotropcs to deal with, or there 
may have been a veritable splitting up of rela¬ 
tively unstable elements. That the actual num¬ 
ber of distinct earthy oxides should bo very 
largely increased is unlikely, for ^tUey fit no 
vacant places in the periodic system. Crookes 
himself interprets the evidence tlius: —Following 
along the line of elementary evolution, ho con¬ 
ceives that matter, as it developed from the 
original ‘protyle,’ passed from stable point to 
stable point through intervals of instability. 
Around each accretion of the primitive stuff 
into a definite element there may be gathered a 
few particles of intermediate material; and these 
* by-products ’ of elementary manufacture, sepa¬ 
rable only by long fractionations, may give rise 
to the phenomena observed in the spectra of 
yttria. The main line of evolution he repre- ; 
sents by a lemniscate curve. ' 

This work of Crookes, as represented in his 
address of 1886 before the British Association, . 
and in two later lectures before the Chemical; 
Society (C. J. 63, 487), brings us face to face 
with the final question of all. Admitting that: 
the elements have been somehow evolved from ' 
simpler primal forms, can the process ever be 
repeated or reversed artificially ? To this ques¬ 
tion no answer is now possible; but it scorns 
likely that if a transmutation of so-called ele¬ 
mentary matter should ever be effected in tlie 
laboratory, it will be by the very slowdeselop- 
ment, under conditions of prolonged chemical 
stress, of change in traces only. ; 

F. W. C. I 

FLE MI. A name given to various resins. ; 
EUmi occidentale is said to be the produce of 
’ Idea loicariba ; Elemi orientate to come from ' 
Aniyris ceylonica. JJ/emtapyp^wrcwmiapoihaps | 
produced by Elaagnus horten^is. Translucent 
resins, used in making varnishes. Some speci¬ 
mens contain amyrin {q. v.) and e 1 e m i n. Ele- 
min forms thin six-sided prisms [200°J (John¬ 
ston, A. 44, 338; Rose, A. 32, 297; 40, 307; 
Hess, A. 29,139; Baup, J. Ph. [3] 20,321; Buri, 
N. B$p, Pharm. 26, 193). Arbol-a-brea resin 
contains bryoidin Cj^^jgOa [136°] (Fluckiger, J. 
1875,860). According to Stenhouse and Groves 
"ifi. IM, 253) inoense-rlsin (from Idea hepffl- 
phylla) contains conimene 0,aH,, and icacin 
When elemi resin derived from^ Amyris 
demifera and A. ceylonica is distilled with zinc- 
dust it yields toluene, m- and p-ethyl-toluene, 
and ethyl-naphthalene (Ciamician, G. 9, 310; 
B. 11.1344 . 

Oil of elemi (166°) (Stenhouse, A. 

U, 804); (174°) (DeviUe. A. 71, 362). S.O. 


31-862. V.D. 4 0. [ao]«-90°. Oil, obtained 
by distilling elemi with steam. HGl forms solid 
inactive 0 ,aH,.C 1 and a liquid isomeride. 

ELEttIC ACIDC,»H„0,. [216°]. aD--8-6°. 
Occurs in elemi, and purified by means of the 
K salt (Buri, Ph. [3] 8, 601). 

Properties .—^Large crystals (from alcohol). 
Insol. water, sol. alcohol and ether, si sol GS^. 
Its alcoholic solution reddens litmus. 

Salt.''—KA'lSaq : noodles. 

EILAGIC ACID i.e. 

,C.H(OH). ,C.H(OH),CO.O. 

\i.(OH)<Oo> ^C.H(OHl..CO.O> 


(Schiff, B. 12,1653). S.G. IS 1-667. A consti- 
tuent of Oriental bezoars (Chovroul, A. Ch. [2J 0, 
629; Braconnot, A. Ch. [2] 9, 187 ; Pelouze, A. 
Ch. [2] 54,367; Taylor, P. M. [3] 24,354; Wohler 
a. Merklein, A. 65,129). Occurs also in sprouts 
of the divi-divi (L 6 we, Fr. 14, 40; Barth a. 
(ioldschmiedt, B. 11, 846; 12, 1239; CobenzI, 
M. 1, 671) and in oak bark (Etti, M. 1, 266) and 
fir bark (Strohmer, M. 2, 539). 

Formation.—l. From gallic acid or tannin, 
by treatment with iodine, POGlj, PCI,, or As-P, 
(Griessmayer, A. 160, 55; L5we, Z. 1868, 603). 
It is also deposited as a grey powder when a de¬ 
coction of gallnuts is loft exposed to the air.— 

2. By heating gallio ether with aqueous NaOII 
at 60° (Schiff, B. 12,1533). 

Preparation. —Bezoars are dissolved in strong 
aqueous KOII in the cold; CO^ is then passed 
in, when potassium ollagate is ppd. This is rc- 
crystallised from water, and the acid is liberated 
by hydrochloric acid. 

Minute yellowish prisms (con¬ 
taining 2aq). Insol water and ether, si. sol 
alcohol. A solution in cone. KOIIAq when ex¬ 
posed to the air deposits black crystals of ‘ potas¬ 
sium glaucomelanato ’ C, 2 HiK.jO, (?),«which is 
reconverted into cllagate by boiling water. Cone. 
H,SO, dissolves ellagio acid without change. 
FcjClrt gives a greeiusli colour becoming black. 

Reactions.~-\. Distillation with zinc-dust 
gives lluorene C,,H,o.—2. Sodium amalgam in 
alkaline solution gives 'glauco-hydro-ellagic acid’ 
‘ rufo-hydro-ellagic acid’ 

(liembold, B. 8 , 1494; Cobonzl, ikf. 1, 671), an 
acid C,,H,oO„ and finally ( 7 )-hexa-oxy-diphenyl 

3. Potash-fusion gives (jS)-hexa-oxy-diphenyl 
(B a. G.).—Boiling cone. KOIIAq gives hoxa* 
oxy-diphenylene ketone. 

Salts.—K^A" (at 160°): minute prisms.— 
K^A"KOH (?); grey powder.—Na 2 A"aq : pale 
yellow crystalline powder, si sol water.— 
NaHA"aq (at 100 °).'*-BaaHjA "2 (at 140°): lemon- 
yellow insoluble pp.—PbA''aq: amorphous yellow 
pp.; becomes olive-green on drying. 

Tetra-acetyl derivative OnH^Ao^O,. 
Yellow crystalline powder, si. sol. water. 

ELLAOITANNIC ACID 0hH„O„. Oooura 
in divi-divi and myrobalanes (L5wc, Fr. 14,44). 
Amorphous brownish mass. Water at 110° con¬ 
verts it into ellegib acid.—( 0 , 4 H,oO,o)j 6 PbO. 

ELUXBIATI05. The separation of lighter 
from heavier particles by washing. 

EMETINE (?). [65°-74°]. S. -1 

in the cold. Occurs in ipecacuanha root (Pel¬ 
letier a. Magendie, A. Ch. [2] 4, 172; Buchner, 
R^ert. Pharm. 7, 289; Dumas a. Pelletier, A. 
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0k,\:2] 24,180; U!ort, J. PK. [i] 9,241: Pander, 
C. C. 1872, 440; Glenard, C. P. 81,100; Lefort 
0 . F. Wurtz, 0. B. 84, 1209; Power, Ph. [3] 8, 
344; Kunz, At, Ph. [3] 25,461; Podwyssotzky, 
Ph. [8] 10, 642); Kremel, Ar. Ph, [3] 26, 419). 

Prep<watu>n. —Ipecacuanha is exhausted with 
ether and ligroin and the residue extracted with 
{86 p.o.) alcohol; the extract is evaporated to a 
syrup, and Fe-^Cl, added to ppt. tannin; excess 
of Na^CO, is added, and the emetine extracted 
with hot ligroin. ^ 

Properties. —Needles (from ligroin). 81. sol. 
water, v. sol. chloroform, EtOAc, alcohol, CSj, 
and essential oils, si. sol. ligroin, ether, and 
benzene. Alkaline reaction. Coloured yellow 
by sunlight. Produces vomiting. Except the 
tannate, all its salts are amorphous. Sulpho- 
raolybdic acid gives a brown colour, changed by 
HGl to indigo blue. Potassium^bismuth iodide 
gives a pp., as do other re-agents for alkaloids. 

Salts.—B'H-^PtCl,: yellowish-white powder. 
—B'HjCr-P,.—B'Mel.—B'MeOH. 

EMOBIN V. Tri-oxt-uetuyl-anthraquinoni:. 

EISULSIN. A neutral substance contained 
in sweet and in bitter almonds, and possessing 
the power of acting as a ferment on the amygdalin 
of the latter in presence of water, converting it 
into benzoic aldehyde, HCy, and glucose (Robi- 
quet, J. Ph. 24, 326; Thomson a. Richardson, 
A. 29,180 ; Ortloff, Ar. Ph. 48,16; Bull, A. GO, 
146; Johannsen, Died. Cent. 1888,326). It may 
be obtained by leaving an aqueous extract of 
almond cake at 23*^ for a few days, filtering, and 
ppg. with alcohol. White amorphous mass, sol. 
water. The hydrolytic power of emulsin is 
destroyed by boiling. 

£NC£PHALIN v. Cerbbrin. 

n-ENNANE CjHa,. Nonane. Mol. w. 128. 
[-51“]. (150“). S.G. P -733; *6541. From 

pelargonio acid C,H,bO^ by distillation with P 
and HI (KraHt, B. 15, 1G92). 

Ennaift (148“). S.G. 2i 7124. V.D. 

65*4 (for 64). Occurs in Galician petroleum 
(Lachowicz, A. 220,194). 

Ennane C,H.^. (136®). S.G. V ’742. V.D. 
4*59 at 180°. Occurs in petroleum (Lemoine, 
Bl. [2] 41,163). 

Eanaae CoII,„. (130°). S.G. 2 743. V.D. 
4*47 at 190®. Occurs in petroleum (L.). 

Ennane 0^„i.e.Pr.CH.;.CHj.CH..Pr. (132®). 
S.G. 2 725. From isoamyl iodide, isobutyl 
iodide and Na (Wurtz, A. Ch 3] 44, 276). 

Ennane CjH,*. (130°). From isopropyl 
iodide and Na (Silva, B. 6, 984). 

ENNDECANE C„H„ i.e. CHJCHd^CH,. 
Nonadecane. [32®]. (330®). S.G. “i* 7774; ¥ 
*7323. From OibH^CI, by heating with HI and 
phosphorus. Occurs also in paraffin from bitu¬ 
minous shale (Kraftt, B. 16,1704; 21,2266). 

ENNDECANE Dl-CABBOXTIIG ACID 
C|*H«,(CO^)j. [90®]. From oxy-henioosoio acid 
0,^„(OH,OH)(CO^) by heating with soda-lime 
(StSreke, A. 223, 812). White powder (from 
^oohol and light petroleum). 

Salt.— PbA". • 

BNNENOIO ACID 0,H,A**«*CPra;CH.COjH. 
Di-jS.proppl-ocrwMc acid. [81®]. From 
PrtC(OH).O^.CO^ and diluteH-^SO, (Albitzky, 
[2] 80,209). Needles (from benzene). SI. 
lot watw. T. tiL alcohol, ether, and benzene.— 


LUl' 2Mi.-BaV, aq.-Oalk.', aq. 8. (ol OaA. ^ 3-S 
at 21'>.-PbA',2iaq. ' 

Eimeuoi(!aoidO,H„0,»-e.O,H„.CH:CH.COjU. 
Nonylenic acid. Formed by heating heptoio 
aldehyde (oenanthol) with NaOAo and AojO at 
170® for 80 hours (Schneegans, A. 227, 80). 
Liquid, v. si. sol. watef, very volatile with steam. 
Readily combines with HBr forming bromo- 
ennoio acid {q. v.). Not attacked by nascent 
hydrogen.—BaAV—CaA',3aq: needles.—AgA'. 

Ennenoio acid CgHj.Oj. Phoronic acid, 
[169®]. [ttD]^" 23® (in alcohol). Formed, together 
with camphio acid, by exposing sodium-camphor 
to the air (Montgolfier, A.CA. [6] 14,82). Tables 
(from alconol). Insol. water and CSj. 

ENNENYL ALCOHOL C.n„0 i.e. 
Pr.CH:CH.CHj.CMe2.0H. DUinethyl-isopropyU 
allyl-carbinol. (176°). R< 3 t>»72-27. Fromdl- 
methyl-allyl-carbinol (hexenyl alcohol), isopro¬ 
pyl iodide, •and zinc (Dieff, J. pr. [2] 27, 364). 
Gives isobutyrio acid on oxidation. Combines 
with bromine forming CgHi^Br.^O. 

Methyl ether CgH„OMe. (171®). S.G. 

*8027. Rco 81*55. KMuO^ gives methylated 
oxy-valerio acid, CHjO.C^Hj.COgH, and isobuty- 
ric acid (Kononowitz, J. pr. [2] 30, 400; Bl. [2] 
43, 381). 

ENNENYLCHLORIDEC.n„CI. {175®-186®). 
From the alcohol and PCI, (Dieff). 

ENNINENE C,H,g. (136°). Campholene. 
Obtained from campholio acid by the action of 
P^O, or by distilling with soda-lime (Delalande, 
A. 38, 340; Kachler, A. 162, 2GG). 

Enninene C«H,g. (135®-140®). From cam¬ 
phor and HI at 200® (Weyl, B. 1, 96). 

ENNINYL ALCOHOL C,H„0 i.e. 
(CH 2 :CU.CrL,)„.CEt.OH. Ethyl-di-allyl-carbiwl. 
(176®). S.G.' I ; V '^537. C.E. (0®-17®j 
*00095. P’rom propionic ether, allyl iodide, and 
zinc (Smirensky, J. pr. [2] 25, 59). 

n-£NNOIC ACID CaHj^O.^. Pelargonic acid, 
Nonylicacid. Mol. w. 158. fl3°]. (254® i.V.). 
S.G. *9109; *9103 ; f -8433. H.0.1287352. 

M.M. 9*590 at 20® (Perkin, C. J. 45, 48G; Longui- 
nine, A. Ch. [6] 11, 222). 

Occurrence. —In tlie volatile oil of Pelargo- 
nium roseum (Plcss, A. 59, 54). In fusel oil 
from beet root (Perrot, A. 105, 64). 

Fonmtion. — 1. From heptyl-aceto-aoetio 
ether and KOH (Jourdan, A. 200, 105).—2. By 
action of HNO, on oloic acid (Redtenbacher, A. 
59, 62), on stearolio acid (Limpach, A. 190,297), 
and on oil of rue (Gerhardt, A. 67, 245).—3. By 
fusing hondccenoio acid CnHjoOs with KOH 
(Kraflft, B. 15,1691). 

Properties. —Oil at ordinary temperatures. 

Salts.—CaAV—BaA',: lamina, si. sol. hot 
water.-CuA' [o.258®].~ZnA'j [132®].-AgA'. 

Methyl ether MoM. (214® i.V.). S.G. ^ 
*8918. 8.V, 2457. C.E. (0®-10°) *00091 (Gar- 
tenmeister). • * 

methyl ether EtA'. (228® i.V.). S.G. 

*8666 (Zincke a. Franchimont, A. 164, 839; 
if *8703 ; *8641. M.M. 11*671 at 18*2® (Per. 

L*n, C.«7'.46, 603). 

Chloride 0jH„001. (220°) (Cahours, 0./. 

8, 240 . 

Amide OgH^ONH,. [93®] (Schalfejeff, B. 

6,1262); [99®] (Hofmann, S, 16» 984). Formed 
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by besting snunoninm ennoate at 230“ under 
pressure. 

86 23 " C-*T(Chiosza,d. 

»=/^*™*** ®®i(OBy,CN. (216°). S.O. >5 
m®I,«-ootyl iodide and KCN at 180°. 
(Eiohler, B. 12,1888). , 

Jso-ennoio acid C41,,0. f.s. 
^•(CH,),CHM6.C0ja. (245° oor.). S.G. M 
•9033. From its nitrile, which is obtained by 
“ ,“®‘*'y'-'>e='yl-«arbinyl iodide (ootvl 
iodide) with KCy (KuUhem, A. 173, 319). Oil.— 
NaAaq: slender needles.—KA'. — CaA'aq; 
needles (from alcohol).- CuA',*aq.—AgA'. 

Ethyl tther ElA.'. (214° cor.). S.G. 
'8641. 

OTfriis CH,(CH,).CHMe.CN. (206°). S.G. 
*8187. 

[10^°]’’(?)‘*‘ ‘^^■W»®™e.CONH,. [91°] and 

Ennoic acid CH,.(OH.),.CHlfe.CH,.CO,H. 
(232°). Got by heating hcptyl-malonio acid 
(Venable, B. 18,1662). Oil. 

F. also Bboho-snnoio acid. 

EKETL AICOHOZ, 0,H„0. Ntmyl alcohol. 
MoL w. 144. ( 0 . 188°). S.G. Ill -865. From 
petroleum ennane (Lemoinc, Bl. [2] 41,163; c/ 
Pelouze a. Cahours, A. Ch. [4] 1 , 6 ). 

Acstylderivative C,H|,OAc. (c.210°). 
Ennyl alcobol C.H^O. (206°-212°). S.G. a 
■847. From isoamyl isovalerate and sodium 
(Lonrenqo a. Aguiar, Z. 1870, 404). 

218°°**^* dsritiofios C,H„OAc. (207°- 

iLayl alcohol Pr.,CEt.OH. Ethyl-di-yropyU ' 
corbinoi (Tsohebotareff a. Saytzefi, J.pr. [2] 33 , 
196). (179‘6° oor.) (T. a. S.); (176°) (Menschi- 
koff, J. pr. (2) 86 , 861). V.D. 143-6 (for 144). 
V. si. sol. water. S.G. “jf '8331; = 5 “ •8258. From 
di-propyl ketone, EtI, and Zn. Gives, on oxida¬ 
tion, OO 2 , soetio acid, propionic acid, and butyric 
acid, also di.propyl ketone and ennylene. 

Acetyl derivative, (c. 160°). S.G. A° 
•8676. ' ° 

Ennyl alcohol C,H„.CHEt.OH. (196°). S.G. 
5*839; V *825. From heptoic aldehyde (cenan- 
thol) and ZnEt, followed by water (Wagner, Bl. 
[2] 42,830). Gives ethyl hexyl ketone on oxi* 
dation. 

Acetyl derivative CJI,.OAo. (211®). 
S.a|*878; »®' 861 . ' 

EHimAMINE C,H„NH 2 . (191°). Formed 
by the action of NH, on the ennyl chloride de¬ 
rived from petroleum (Pelouze a. Cahours. J. 
1868,629; A. CA. [4)1, 6). 

BnnylaiiiinoO,H,.NH,. (195°). Formed by 
the action of Br and KOH on the amido of deooio 
(caprio) acid (Hofmann, B. 16,773).—B',.H,i'tCl,. 

EHEn CHLOBIDE C,H„C1. (c. 182°) (Le- 
moine, BL [2] 41, 164); (196°) (Pelouze a. Co- 
hours, J. 1863, 629). S.G. 12 .399 (p, j. q -,. 

*908 (L.). From petroleum ennane by chlori¬ 
nation. a 

Ennyl chloride 0,H„CI (160°-160°). f’rom 
the ennyl alcohol obtained from isoamyl isova¬ 
lerate and Ha (Lonrenpo a. Aguiar, E. 1870,404). 

EHNVliEHE NonyUne. Mol. w. 126. 

(c. 186°), S.G. tsj . 868 , From the ennyl chlor¬ 
ide which is derived from petroleum (Lemoine. 

Bi. [2] 41,163). 


Eunylene C.H.,. (138°). S.0.12-743. From 
ethyl-dipropyl^sarbinyl iodide and aloobolio KOH 
(Soooloff, J. B. 1887, 699). 

Ennylene O^Htg* (140®). Among the pro- 

J (Wurta, 

A, 128, 232). 

Ennylene C,H,,. (146°). S.O. Si> -767. 

Formed by the action of lime on heptoio aide* 
hyde (cenanthol) (Fittig, A. 117, 78). 

Ennylene (o. 147®). From paraffin, 

by strongly heating it (Tliorpe a. Young, A. 166, 
18). 

_ Ennylene C,H„. (o. 149°). S.G. -787. Occurs 
m oil of resin (Benard, Bl. [2] 39, 541), 

Ennylene C,H„ ( 1 , 5 ;!° cor.). S.G. 2 -762. 
Obtained by distilling the lime soap made from 
tram oil (warren a. Storer, Z. 1868, 230). 

Ennylene C,H„. (121°). S.G. la -763. 

Found among the products of the distillation of 
bitummoiia shale (Laurent, A. 26, 286). 

V. also the Sexakydrides of Cumrne and 
Mesityli;ne. 

DI-EHHYL.KET0NE C„n„Oi.c. (C.H„),CO. 
Capnnone [58®J. (aliove 350®). Obtained by 
distilling calcium docoate (caprate). Pearly 
lamina) (from alcohol). Gives decoic acid on 
oxidation {Grimm, A. 167, 270). 

ENKYL - UREA Decoyl derivative 
C,n„NH.CO.NH.CO.CsH,„. [ 101 ®]. White plates. 
Formed by the action of KOH on a mixture of 
the amide of decoic acid and bromine (Hofmann. 
B. 16,701). ' ’ 

E08IN V. Tetra 

-BROMO-FriUORESCEitN. 

EPIBEOMHTDEIH C,H,BtO. (139°). S.G. 
U 1-616. From C,H,Br,(OH), and cone. KOHAq 
(Eeboul, A. Suppl. 1,227 ; Berthelot a. De Luca, 
A. Ch. [3] 48, 311). Formed also by distilling 
the compound of acetone with Er (Linnemanu, 
A. 126, 310). NH, forms C,H,,BrN 02 , an amor* 
phous insoluble base. 

Epidlbrcmhydrin v. Di-ubomo.pbopilknb. 
EPICHLOEHYDEIN C,H,C10 i.e. 

0 ‘ - 


CHjCl.CILbH,. Chloro-propylene oxide. Mol, 
w. 92|. (116-9°) (SchiH, A. 220, 99); (116-6 
cor.) (Thorpe, C. J. 37, 207). S.G. 5 1-2031. 
C.E. (0°-10°) -0010.33; (0°-100°) -0011651. 

V.D. 3-21 (for 319). S.V. 87-1 (S.); 87-3 (T.). 

Formation.—\. By treating di-ohioro-pro- 
pyl alcohol (glycerin dichlorhydrin) with fuming 
or gaseous HCl (Berthelot, A. Ch. [3] 41, 299). 
2. By the action of alkalis on cither of the two 
di.chloro-propyl alcohols CH,Cl.CHCl.CH,OH or 
CH-Cl.CHlOHj.CHjCl (Eeboul, A. Suppl. 1, 221; 
Tollcns a. Miinder, Z. 1871, 252; Prevost, J pr 
[2] 12,160; Clans, B. 10,657 : Cloez, A. CA. 161 
9,146). . ^ ‘ 

Propert ies.—Liquid with sweet taste, smelling 
like chloroform. Nearly insol. water, mixes with 
alcohol and ether. 

Beactims.—l. Water (J vol.) at 100° con- 

vcrt8itintochIorhydrinC^Cl.CH(OH).CH,(OH) 

and glycerin.—2. Fuming HCl readily acts upon 
it, forming CH,CI.CH(OH).CH,Cl (l80»).-8. HBr 
forms CH,C!.CH(OH).CH^r (197°). S.G.M 1-740. 
4. HI acts with great violence, forminii 
CHjCI.CH(OH).CHjI as well as propyl iodide 
and ».propyl chloride (Silva, 0. B. 9,3, 418) — 
PCI, forms 

0,H,01,(OPCiy (o. 186°) at 100 mm. (Hauriot, BL 
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12^)32, 551i.—6. Phospkonu ptntahrotfUde fgiyiB 
CtI,CI.CHBr.OH,Br parmstadter, 4. 162,819; 
(/ Wiobelhaus, ii. Suppl. 6, 277).—7. Bromine 
at 100° forma ohloro^tri-bromo-acatone (Gri- 
mnuz a. Adam, Bl. [2] 83,257).—8. A solution 
of HCIO (7 p.o.) in water in darkness producer 
C,H,C1,0, or 0,HA(0H), (Carius, A. 184, 71). 
U. AcePyl chloride in the cold, or more quickly 
at 100°, forms OsHjOlj(OAo). By long heating 
(30 hours) at 100° there is also formed 
C„H,oCl,0(OAo) and C„H,jC1^0j(OAof. Butyryl 
chloride forms C,H-Cl_.(O.CO.Pr). Benzoyl 
chloride at 180° gives C/H^ClaiCBz) (Truohot, 
Bl. [2] 6,447; 6, 481).—10. Acetic anhydride at 
180° gives C,HjCl(OAc), and C8HjCl3(OAc) (T.; 
c/. Franohimont, H. T. 0. 1*43). Heating with 
acetic acid at 100° forms C,HiCl(OH)(OAc). 
Benzoic anhydride at 190° gives CsHj{OBz), 
[74°] (Van Romburgh, B. T. C. 1,46).—11. Cone. 
K.,SO,Aq forms C3Hj(OH){SOgK)3 2aq and free 
KOH (Pazachke, Z. [2] 5, 612). —12. NaHSO, 
at 100° forms CH3Cl.CH(S0,Na)CH30H (Darm- 
stadter, Z. [2] 4,842).—13. Alcohol at 180° gives 
rise to 0,HA(0H), C,H3(OH)(OEt)j and 
(’jH3Cl{OH)(OEt). Isoamyl alcohol at 220° 
forms 0,H3Cl(OH)(OC,H„), C3HgCl3{OH), and 
C.H.(OH)(OC.H„),.-14. JCihyl bromide gives 
C,HgGIBr(OEt).— 16. Sodium forms a yellow oil 
(c. 218°), end an insoluble compound 
C^HjjOaNajClj (Hubner a. Muller, A. 169,186; 
Hanriot, Bl [2] 32, 662 ; Claus, B. 10, 666). 
16. Sodium ethylate free from alcohol forms 
CgH5(OH)(OEt)2and white hygroscopic CuHaOj 
(Laufer, Jena. Zeit. [2] iii. 2 SuppL 141; cf. 
Louren^o, .4. Ch. [3] 67, 309).—17. Alcoholic 
KOPh forms crystalline CjHjO(OPh) (Lippmann, 
Siiz. W, 62 [2] 605).—18. Sodium amalgam has 
little action, but forms a small quantity of allyl 
alcohol (Tornbe, B. 21,1282; cf. Buff. A. Sup 2 )l. 
6,247).—19. H3SO,formBoilyC,H,Cl(OH)(SO^H) 
(Oppenbeim,B. 3,735).-20. Oxidised by HNOgto 
obloro-oxy-propionicacid.--21Alcoho]icor strong 
aqueous ammonia forms gummy CJI,2C1N03(?) 
Gaseous ammonia reacts in the cold forming 
N{C,HjCl.OH), [93°] which forms a crystalline 
hydro*chloride [173'^, and is converted by alkalis 
into a substance resembling gelatin (Fauconnier, 
C. B. 107,115).—22. Triethylamine at 100° gives 
rise to crystalline C,H,O.NEtjCI (Reboul, C. B. 
93, 423). — 23. Aniline at 140° forms oily 
C,.,H,gN20, the constitution of which is probably 
CH3NHPh.CH(OH).OHj.NHPh. [64°1 (290° at 
10 ram.). It forms a hydrochloride B"H3Cl2 
[202°] crystallising in needles, insol. ether, sol. 
alcohol and water, which gives the reactions 
usually oharaoteristio of alkaloids (Fauconnier. 
C. B. 100. 605; 107, 260).—24. Zinc and allyl 
todide followed % water givhohloro>hexenoic acid 
iq. V.), the first reaction being repfesonted thus: 
CgHjClO + Zn + lOgHg - 0,H3Cl(OZnI)C,Hg (Lo- 
patkme, Bl [2] 41,318).—26. HCN forms ohloro- 
oxy-butyronitiile C,Hj01(OH)(CN), sol. water, 
alcohol, and ether(H6rmann,B. 12,23).—26. KCy 
forms epicyanbydrin. — 27. Boiling aqueous 
RONO forms O^HgClNO* [106®]. crystallising in 
prisms (Thomsen, B. 11, 2136). It forms an 
acetyl derivaUve CgHgAoClNO, [79°]. 

Chlorinated opiohlorhydrins v, Crloho- 

AOBTOMS. 

Spidlehlorhydrln v, Di>oax/>Bo*PBOPti.ENi, 
Tot. U. 


IPIOYAHHYDBni 04H4N0 <4. 


IH3.CH.GH3ON. [163°]. From eplohlorhydrin 
and aqueous KCy (free from alkali) in the cold 
(Pazschke, Z, [2] 6, 612; J. pr. [2] 1, 82). 
Broad prisms (from j7ater). Hot fuming HCl 

converts it into CH^H.CHo.OOj,H [226°] which, 
by farther heating with fuming HCl for 6 honra 
at 160° is reduced to n-butyrio acid (Hartenstein, 
[2J 7,295). 

BPIiODHyDRIK Cja.10 u 
0 

/\ 

Cn3.CH.CH,I. (160°-180°). S.O. i* 2-03. Prom 
epichlorhydrin and KI at 100° (Reboul, A. Suiml 
1,227). Oil. 

EOCATIONS, CHEMICAX. The formula of 
an elemeiTt expresses a certain quantity of that 
element, and the formula of a compound xepre* 
sents the composition of a certain quantity of 
that compound. When elements and compounds 
interact oheraically, other elements and com¬ 
pounds are produced; a chemical equation re¬ 
presents, primarily, the quantities of the interact¬ 
ing bodies and the products of the interaction, 
and the compositions of these bodies. The sum 
of the quantities of the interacting bodies is 
equal to the sura of the quantities of the pro¬ 
ducts of the interaction. A chemical equation 
then represents the distribution of the bodies 
which take part in a chemical change before the 
change begins and when the change is com¬ 
pleted. But the equation does not give a full 
account of tho transaction; thus the equation 
Zn + HjSO^-aZnSO. + Hj tells that, if zinc and 
sulphuric acid react to produce zinc sulphate 
and hydrogen, then 98 parts by weight of sul¬ 
phuric acid react with 66*2 parts of zino, and 
the quantities of zinc sulphate and hydrogen pro¬ 
duced are represented by the numbers 161*2 and 
2, respectively. The equation does not indicate 
the conditions which must be fulfilled in order 
that zinc and sulphurie acid shall react to pro¬ 
duce zinc sulphate and hydrogen; as a matter 
of fact a considerable quantity of water must be 
present. Again, the equation GaCl2-hNa,GO, 
«2NaCl+GaCO, merely asserts that when eal- 
oium chloride and sodium carbonate react to 
produce sodium chloride and calcium carbonate, 
for every 111 parts of calcium chloride changed 
106 parts of sodium carbonate are also ohan^, 
but it does not tell that in order to effect the 
change of 111 parts of oaloium chloride into oi^- 
cium carbonate much more than 106 parts of 
sodium carbonate must be present although onfy 
100 parts are actually chemically obangei^ An 
equation often represents a chemical ooourrenoe 
as more simple than it really is. For instance, 
the equation Fe01,+8KCKS<-Fe(CKS)t+8K0i 
seems to imply that if 162*6 parts of ferrtb 
oliloride were mixed \nth 391 parts of potaminm 
sulphooyanide, 2^0 parts of fenio sulphooyanide 
and 228'5 parts of potassium chloride would b« 
produced; but in order to change 162*6 parts of 
ferric chloride to ferric sulphooyanide something 
like 800 x 291 parts of potassium sulpboqyani^ 
must be present, although only 291 Mrts of ^ 
suipbocyanfde are aotu^y ohemioaUy (fiiangedi 
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When the bodiee whi^h take part in a ohemi- 
oal obaxige are gaseous the equation represents 
the volumes of the gases which react and are 
produced; thus the equation tells 

that if hydrogen is combined with oxygen to 
form water-gas, then the ^olume of hydrogen is 
double that of the oxygen and is eqnal to that of 
the water-gas formed The formma of a com¬ 
pound gas always represents the oompositio i of 
that mass of the gas which occupies twice the 
volume occupied by one part by weight of hydro¬ 
gen at the same temperature and pressure as the 
gas in question. The symbols of some elements 
represent those masses of the gaseous elements 
which occupy the same volume as one part by 
weight of hy^ogen, e. 9 . 01,0^ N, Br; but there 
are several exceptions to this statement, e.g. the 
symbols F and As represent masses of phosphorus 
and arsenio which, as gases, occupy half the 
volume occupied, at the same temperature and 
pressure, by unit mass of hydrogen, and the 
symbols Hg and Cd represent masses of mer¬ 
cury and cadmium which, as gases, occupy twice 
the volume occupied by unit mass of hydrogen. 

Chemical equations which represent changes 
of composition occm'ring among gases may also 
be read in the language of the molecular and 
atomic theory; as thus regarded they tell the 
ratio between the numbers of molecules of tlie 
reacting bodies and the ratio between the 
numbers of molecules of the products of the re¬ 
action ; the equations also represent the distribu¬ 
tion of the atoms of the elementary constituents 
of the reacting bodies and the bodies produced. 
Thus the equation 2 H 2 + 0 g» 2 H 20 tells that 
when hydrogen and oxygen combine to form 
water, two molecules of hydrogen react with one 
, molecule of oxygen to produce two molecules of 
water-gas, and also that the hydrogen and oxygen 
molecules are diatomic, and that the molecule of 
water-gas is composed of two atoms of hydrogen 
and one atom of oxygen. It is often the cuKtom 
to regard the formulcs of liquid and solid bodies 
as molecular, and so to regard every equation as 
an expression of the molecular and atomic dis¬ 
tribution of the bodies taking part in the chemi- 
ral change ; but to do this at present is to go 
furtiier than is justified by the molecular arid 
atomic theory (c/. Atomic aiio molecolar 
wsioHTS, vol. i. 847-350). In connexion with 
chemical equations v. Formula. 

M. M. P. M. 

CHEMICAL. The nature 
of the problems which we shall discuss in this 
article may best be illustrated by considering a 
few simple cases. The simplest wo can take is 
when a given quanti^ of such a substance as 
^0 which can exist at ordinary temperatures 
in both the liquid and gaseous states is placed 
in a closed vessel of given volume; then if in 
this volume we have a given quantity of H.p, 
the system will arrive at, and remain in, a state 
in whidd the quantities ol*steam and water have 
definite values, say a and 0 respectively; if on tHe 
introduetion of the H,0 the quantity in the 
gaseous state was greater than /3, condensation 
will take place until it is reduced to jS; if on the 
contra^ the quantity was less than 0, evapora¬ 
tion will take place tmtil it reaches this value. 
Another case analogous to this, but in which the 
|wp states are solid and the gaseous, is when 


teMICTAIi. 

instead oj water and steam 4'a have solid pwth 
cyanogen and gaseous cyanogen; in this case, as 
Troost and Hautefeuille (C. R> 66 , 785, 795) 
have shown, the system attains a state in which 
,the pressure of the cyanogen gas has a definite 
value depending upon the temperature. Another 
example is when a substance can exist in two 
allotropic forms, such as phosphorus in its red 
and yellow modifications; if a given quantity of 
phosphorus be heated in a closed vessel it will 
attain a state in which the quantities of the red 
and yellow modifications have definite valpos 
(v. Troost and Hautefeuille, A, Gh. [5] 2,158). 
The phenomena of dissociation afford excel¬ 
lent examples of chemical equilibrium; N 2 O, for 
example dissociates* into KO^, but if the gas is 
contained in a dosed vessel the dissociation does 
not go on indefinitely, but only until a certain 
proportion of the gas has been dissociated, after 
which no further change takes place in the gas if 
the temperature and pressure remain constant. 
A more general case of chemical equilibrium is 
when solutions of sulphuric and nitric acids, 
and nitrate and sulphate of sodium are mixed 
together; chemical changes will go on until a 
state is reached in which there is a certain rela¬ 
tion between the masses of the four substances 
present; after this no further change will take 
place in the constitution of the mixture. 

In this article wo shall discuss the relations 
which in cases like these exist between the quan¬ 
tities of the various substances, or the quantities 
of the same substance in different states, when 
there is equilibrium, and the way in which this 
relation is affected by alterations in the physical 
conditions, such as changes in pressure, tem¬ 
perature, intensity of magnetisation, and so on. 

Having seen the nature of the problems with 
which we have to deal, it will be well to consider 
how chemical equilibrium resembles or differs 
from ordinary djmamical equilibrium. In the 
first place all chemical systems seem to reach 
a steady state, while it is only under excep¬ 
tional Circumstances that frictionless dynamical 
systems do so. Again, as far as our knowledge 
extends, a chemical system gradually approaches 
the state of equilibrium, and when it has once 
reached it, remains in it; nothing corresponding 
to the oscillations of a dynamical system about 
its position of equilibrium seems to have been 
observed. The dynamical systems whose be¬ 
haviour most closely resembles that of the chemi¬ 
cal systems are those in which the friction is 
very large or the inertiaverysmall; such systems 
always get into a steady state and sink ^adu- 
ally into it without ever passing through it. 

Complete and Partial Equilidridm. 

In the examples of chemical equilibrium pre¬ 
viously considered, the state of the mixture is 
definite when given quantities of various chemi¬ 
cal elements are present under identical physi¬ 
cal conditions. Such a system may be said 
to be in ‘ complete ’ equilibrium. There are many 
cases, however, in which quite a different state 
of things obtains *, thus at low temperatures we 
may have given quantities of hydrogen and 
oxygen in equilibrium when arranged in an in¬ 
finite number of ways, for, since steam, hydrogen, 
and oxygen do not combine at such temperatures, 
we may divide the hydrogen and oxvgen in any 
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pnqMttion between O 3 , and H,, ani yet still 
have eqi^brinm. The reason for the diiSferenee 
between l^isoase and the previous one is obvious t 
here the system has no (oheznioall freed<Nn and 
must stay in whatever (chemical) state it was 
placed initially ; in the previous oases, on the 
other hand, the quantities of any of ^e sub* 
stances could both increase and decrease: thus 
i]\ the case of the water and steam, the water 
could evaporate and the steam condense; in the 
dissociation of N 2 O 4 , the N 2 O 4 could split up and 
the NOg combine; such oases are said to be * re* 
versible ’ and are characterised by the physical 
and chemical conditions being such that pro* 
cesses can occur by which the quantities of any 
of the substances can both* increase and de* 
crease; in these cases the quantities of the acting 
substances may be regarded as variable quanti¬ 
ties, and when there is equilibrium there will be 
a definite relation between them. If, however, 
the circumstances are such that processes pro¬ 
ducing both increase and decrease of the quan¬ 
tities of the substances cannot occur, then we 
can no longer regard these quantities as vari¬ 
ables, and there will not be the same relation 
between them as if such changes could take 
place; we may call the equilibrium in this case 
* partial ’ equilibrium; it is definite with respect 
to the physical conditions but not with respect 
to the chemical. Thus in the case of the oxygen 
and hydrogen at low temperatures, the quanti¬ 
ties of steam, hydrogen, and oxygen, must be re¬ 
garded as constants, and equilibrium may sub¬ 
sist with any values for these quantities; if, how¬ 
ever, we raise the temperature to such a point 
that the oxygen and hydrogen can combine and 
the steam be decomposed, the quantities of hy¬ 
drogen, oxygen, and steam may now be regarded 
as variables, and there will be a definite rela¬ 
tion between them when there is equilibrium. 

The ^ase of oxygen and hydrogen at low 
temperatures is a somewhat extreme one, as no 
chemical action at all goes on ; there are, how¬ 
ever, cases in which some of the quantities may 
change, but only in one way, they con increase 
but not diminish, or vice versd. Thus at low 
temperatures HI can be decomposed by light, 
while H and I cannot combine, so that the ao- 
tion is irreversible, and Lemoine has shown 
that when a mixture of HI, H, and 1 is exposed 
to the action of light the decomposition of the 
HI goes on indefinitely. 

In order to enable those processes to go on 
which cause the state of the system to be re¬ 
versible, something more than the mere collisions 
between the molecules of the substances seems 
to be required; in fact, collisions alone seem un¬ 
able to effect the decordposition of juolecules of 
simple composition. We shall see evidence of 
this when we consider the phenomena attending 
dissociation, but considerable evidence may be 
derived from the fact that it is extremely dif- 
ficnlt in many oases to get two pure gases to 
enter into ohemio^ combination, though they 
readily do so when a small quantity of a properly, 
chosen third substance is introduced, which by 
secondary ohemicid actions may be supposed to 
effect rile decomposition of the molecule. Ex¬ 
amples of this are afforded by Dixon’s ezperi. 
ments on the difficulty of making CO and 0 
combine when perfectly dry, though they do so 


readily when moist (T. 1884, 617). Pringsheim 
jW. A. 32, 884) has lately shown that perfectly 
017 chlorine and hydrogen do not explode when 
exposed to light. The change in the conditions 
,required to enable the molecules to be decom¬ 
posed is often exceeiyngly small. The most 
striking illustrations of this are furnished by 
catalytic agents, such as ?-pongy platinum, which, 
while remaining to all appearance unchanged 
themselves, are yet able to alter completely the 
conditions of the system in which they are 
placed. We may suppose that the system before 
the introduction of theso agents was in partial 
equilibrium only, in consequence of certain de¬ 
compositions and recombinations not being able 
to take place, perhaps because the collisions 
alone were un able to split up the molecules; but 
that when these agents are introduced secondary 
chemical actions produce decomposition of the 
molecules, find so render all the processes rever¬ 
sible, the equilibrium which was before only 
partial becoming complete. Since a system in 
* partial' equilibrium may be widely disturbed 
by the introduction of an excessively small 
change of some kind (such as the presence of a 
minute quantity of spongy platinum), it corre¬ 
sponds to what in dynamics is called unstable 
equilibrium, and might have been called so here 
if it were not rather straining the customary use 
of the word to apply it to a state which may Iasi 
for an indefinite time. On the other hand, if e 
very small quantity of a catalytic agent were ui' 
troduoed into a system in * complete ’ equili 
brium, it would not produce a finite change; suol 
a state corresponds to what in ordinary dynamict 
is called stable equilibrium. We may regarc 
catalytic agents as reducingaaystemfrompartia 
to complete equilibrium. 

The difference between * partial ’ and ‘ com 
plete * equilibrium may be summed up as fol 
Iowa; when a system is in ‘ partial ’ equilibtiun 
the quantities of some of the constituents ma; 
be altered without any change in the others 
while in * complete ’ equilibrium a change in thi 
quantity of one of the constituents involves 1 
change in the quantities of some or all of th‘ 
others. The introduction of an indefinite!; 
small amount of a third substance, or the com 
munication of an indefinitely small quantity 0 
energy, to a system in ‘ complete ’ equilibriun 
will only ptoduce an indefinitely small chang 
in the state of equilibrium, while the state of 
system in ‘partial' equilibrium may be pre 
foundly modified by the same means. 

BoNaiUTioiL Methods of considering Cbeuica 
Equilibrium. 

We must now go on to discuss the theory < 
chemical equilibrium, considering at first the ca« 
where theequilibrium is' complete.’ The questio 
maybe discussed from two points of view—the one 
kinematical, the other dynamical. We shall begin 
with theories founded %poa kinematical prinei- 
plea, as, though their application is more limited 
than those based upon dynamical ones, yet as far 
as they go they afford us a clearer view of the 
subject, and are therefore better fitted for an in¬ 
troduction to it. They have also the advantage 
over the dynamical theories of giving us some 
information about the behaviour of the system 
before it reaches the state of equilibrium. 
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The Idaematieai theories depend open the 
eoDception which we owe to Clansius and 
Williamson, that in reversible chemical pro¬ 
cesses, saoh as the dissociation of a gas, the 
nolecnles of the gas are continually splitting 
ip, and the atoms which are thus produced are 
jon^n^y recombining.* When the state of 
>qailibrium Is reached the number of molecules 
lecomposed in unit time must equal the number 
!ormed in the same time by the recombination 
rf the atoms. Let us now oonsider the applica¬ 
tion of these principles to the simplest case of 
jhemioal combination we can choose, that of the 
iissociation of a diatomic gas into atoms. Since 
the molecules are continually splitting up, the 
time each molecule exists without decomposi¬ 
tion ia finite, and though this may vary from 
molecule to molecule the moan of such time 
will, however, be finite, and we shall call it the 
' paired ’ time of the moloculo and Senoto it by 
f,. The mean time an atom remains alone 
and free from other atoms, we shall call the 
‘ free* time, and denote it by r'; since an atom in 
order to recombine must come close to another 
atom, the time an atom remains free will be 
inversely proportional to the number of collisions 
it has with other atoms, and therefore inversely 
proporuonal to the number of such atoms in 

onit volume. We may therefore put t* » 5- j 

H I 

where n is the number of free atoms in unit I 
volume. To simplify the calculations, let us 
suppose that the time each moleculo remains 
paired is the same for all molecules and equal 
to the paired time, and that the time an atom 
is free is the same for all atoms and equal to 
the free time. Then if N be the number of 
molecules in unit volume, the number of mole¬ 
cules which split up in a short time, 8f, will be 

for we may suppose that the rate at which 

the molecules split up remains constant for the 
time tyt but if sc^ K will split up during this 
time, BO that the number which splits up in 

nnit volume in the time 5f will be similarly 
the number of atoms which pair in the time 8f 
will be ~ df, that is —Bf. Thus, if 8N is the in- 

T* r 

crease in time 8f in the number of molecules in 
onit volume, 


BN- 


•Gt-!)'* 


<iN_l n» N_ 
dt“3 r ~ i, 


umiluly, 


d» 
dt ’ 


«. ' 


When the gas has reached a steady state ^ 

dt 


and ^ both Taniah, so ‘that ^ 
at N f| 


(1) 


Tros: this expression we can find the vapour 
density of the gas when it is in the steady 
state. Lot A be the density of the normal gas, 
«nd A* that of the dissociated gas at the same 
pressure; then, if S is the number of molecules in 
f&it Tolomeqf the sonsni ^ before disaoointion, 


A * 






Hence* 


'■Kr„ S(2A‘-A) 

A‘ 

So that equation (1) becomes 
^ 2(A-a>)> t 

‘(2A^-A)A'^"f7‘ 

But if the temperature remains constant S is 
proportional to the initial pressure p, so that 
we may write this equation as 

p(A—• A’)* T 

(2Afr^^'‘(aoo»stant)-^ . . (2) 

The result that ).. . is constant, was 

(JA' —A)A' 

obtained by Willard Gibbs from thermodynamioal 
considerations, and was shown by him (Am. 8. 
17,277) to agree with the results of experiments 
on the vapour densities at different pressures 
of nitrogen peroxide, and acotic and formic 
acids.^ More recently a most elaborate deter¬ 
mination of the vapour density of nitrogen 
peroxide at different pressures has been made 
by E. and L. Natanson (W. A. 24, 464), 
with the result that at a constant temperature 
p^A-A*)* . 

(2A'-'a)a’ constant. The preceding investi¬ 
gation shows that when a dissociable gas obeys 
this law ~ must be independent of the density, 

and therefore, since t does not depend upon the 
pressure, f, cannot do so; but if f, is indepen¬ 
dent of the pressure, the decomposition of the 
more complex molecules cannot bo produced by 
collisions with molecules or atoms of the same 
kind, for if it were t, would diminish as the 
pressure increased. There does not appear to 
be any reason for supposing that on the kinetic 
theory of gases the collisions between the mole¬ 
cules must of necessity produce decomposition. 
There must be a limit to the velocity with which 
a particle is moving, for it is evident that the 
kinetic energy possessed by a single particle 
must be less than the kinetic energy in the 
smallest quantity of the gas which exhibits the 
property of the gas when in bulk. Thus, if a 
million molecules are sufficient to make the gas 
possess this property, the greatest value of the 
square of the velocity of a molecule would be a 
million times the velocity of mean square at this 
temperature, and therefore the square of the 
relative velocity of the atoms in a molecule 
after being struck by another molecule must Iw 
less than this value. The atoms in the mole¬ 
cule will not, however, part company unless the 
square of the relative velocity exceeds a certain 
value, depending upon the distance between the 
molecules, the law of force between ^em, and 
the intensity of this force at unit distance, so 
that the force may be so intense and the atoms 
so near that to split op the molecule the rela¬ 
tive velocity of the atoms would have to be 
greater than that which could be produced by a 
o^UiiipA with aujr molecule in the gas. 
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To ntnm to tormnla (1), wa see that ii x 
donotea the latio of the number ol diesooiated 
atoma, n, to S, the number of molecules originsU; 
present In unit volume, then 


x'+x 


f,S 


?! 

f,S 


(Zf 


or if oqIj a small fraction of the molecules is 
dissociated 



BO that in this case the amount of dissociation is 
invorsely proportional to the square root of the 
pressure. , 

B; observing the amount of dissociation 
when the gas is in equilibriu&i, we can determine 

XT 

*, and hence by equation (3) -1 or 

this latter quantity is x times the ratio of the 
free to the paired time, so that by determining 
the vapour pressure of a gas when in a steady 
state, we can determine the ratio of its free to 
its paired time. Thus by comparing equation (3) 
with the result of Lemoine’s experiments on the 
dissociation of HI, we find that, under atmo- 
epberio pressure, at 1250'^ the paired time is 1-32 
times the free time, and at 900*^ only j. We 
cannot, however, by observations on the gas in 
the steady state determine the value of either 
of these times absolutely; if, however, we have 
determined their ratio in this way, we can, by 
observing the velocity of dissociation, determine 
the 'free ’ time of the atoms, for from equation 
(1) we have: 

dn 

dt T 

^23—« ^ 

« 

If we denote by c, which can be found 
b(| 

by observations on the steady state of the gas, 
the solution of this differential equation, if 



^ *“•+ constant, 

2a » + ^bc + a T ’ 

so that if f, is the time required for the number 
of atoms to increase from n, to n, 


^ (>t, + lSe-o )K+}Sc+o) tj 

2a (n,+^Sc+a) (»j+iSc~a)“T 

Hence, it we observe the time taken for the 
dissociation of a known fraction of the gas we 
shall be able to find from this *equation the 
' free time,' and then, as from observations on the 
steady state we know the ratio of the paired to 
the free time, we can find the paired time. 

The same principles can be applied to more 
•omplioated oases of equilibrium, such as the 
eoznbination of hydrogen apd iodine to form 
hydriodio acid. We i^all suppose tibat the 
molecules of hydrogen and iodine and hydriodio 
acid are continually splitting up into atoms, 
and that these atoms are constantly recombining 
and forming molecidei. In this case we have 
Aye things to consider, the hydrogen molecules 


and atoms, the iodine molecules and atoms, and 
the hydiio^o acid molecules. 

Let m and n be the number of hydrogen atoms 
and molecules respectively; 
p and q the number of iodine atoms and 
molecules; 

r the number of hydriodio acid molecules; 
f|> the timestwo atoms remain pair^ 
together in ^ the hydrogen, iodine, and 
hydriodio acid molecules, respectively; 

the times a hydrogen atom is free from 
a hydrogen and iodine atom respectively; 
^ the time an iodine atom is free from 
another iodine atom; 

M and N the total number of hydrogen and 
iodine atoms respectively, whether free 
or in combination with other atoms. 

Then By the same reasoning as in the case 
of dissociation: 

r mp 

dt f, tf T| T, 
dn jn 

dt T, ti 

^ X^ 

(it tt T, Tg 

dt Tj 

df Tj ^ 

m + 2n + r=M 
jj + 22 +r = N. 

When the system has got into a steady state, 
m, n, p, q, r are all constant, so that the above 
equations may be written: 

n p2^ q • mp r 
’’l "V ’ T, ‘ ' 

In solving these equations we may assume that 
the number of free atoms of hydrogen or iodine 
is very small compared with the number of 
molecules; so that n « i (M - r) and 2 * - »■)» 

hence from equation we get: 

. • («) 

T,T, 4f,r, 

If equivalent quantities of hydrogen and iodine 
are present M = N and we have : 


In this case the ratio ^ is independent of the 
M 


pressure. , 

• Lemoine has made a very extensive series of 
experiments ou the combination of hydrogen 
and iodine {A. Ch. [6] II). In the following 
table the results of his experiments are comparea 
with those given by equation (6); the value of 


being determined by making the observed 
M>d donlated leaulta agiee when N • K. 



438 


EQtttLiramM, OHEMIOAL. 


Combination of hydrogen and iodine at 440°. 
Proportion oi Ratio ot free hydrogen to the 
H 4- L total quantity of li^drogen. 


Observed. C^oulated. 
H + I *240 -240 

Ht-784I -350 -342 

H+'627I -647 *619 

H + -258I *774 -750 


We see too from equation (6) that if M is very 
large compared with N, then r—N; that is, if the 
iodine is enormously in excess, the whole of the 
hydrogen is combined with iodine; in other 
ofiier words there is no dissociation of the 
hydriodic acid; the effect of an excess of either 
hydrogen or io^e on the dissociation of HI is 
given by equation (G). 

We could make other assumptions about the 
way in which the hydriodic acid was formed 
from the hydrogen and iodine which would load 
to the same results for the equilibriunPeondition, 
but which could be distinguished from the pre¬ 
ceding assumptions by observations on the rate nt 
which dissociation takes place. Thus we might 
suppose that the combination of hydrogen and 
iodine takes place by a molecule of hydrogen 
coming close to one of iodine, and that these 
molecules emerge from the collision as two mole¬ 
cules of hydriodic acid. The decomposition of 
the hydriodic acid might be supposed to be 
caused by two of its molecules coming into 
collision and emerging as two molecules of 
hydrogen and iodine. In this case, if n, y, t*, 
represent the number of molecules of hydro¬ 
gen, iodine, and hydriodic acid respectively, 

2 the time a molecule of iodine exists without 

r 

combining with one ot hydrogen, — the time a 

molecule of hydriodic acid exists without com¬ 
bining with another to foim two molecules of 
hydrogen and iodine; then 

llt~i, 

and when there is equilibrium 

. « 

mj) *= ~r\ 
h 

This is an equation of exactly the same form 
as that previously obtained on the other hypo¬ 
thesis, so ^at by observations on the equilibnum- 
conition we could not distinguish between them. 
The two hypotheses lead, however, to quite dif¬ 
ferent expressions for the velocity with which 
various changes taka place. Thus let us con¬ 
sider the rate at which a quantity of HI would 
dissociate according to the first hypothesis; in 
this case the initial rate of dissociation is given by 
dr^ r 


readily be distinguished by observations oa tih* 
rate of dissociation. 

We can apply the above principles to any case 
of the combination of gases, but after what we 
have given, the reader will have no difficulty in 
making the investigation for himself, and we 
shall merely give the results. 

Three monovalent gases. A, B, 0, are mixed 
together; A can combine with both B and 0 to 
form the compounds AB and AO respectively, but 
B and C cknnot combine; we wish to find how 
much of each compound is formed. 

Let n, q, s, u, v, be the number of molecules 
in the steady state of A, B, 0, AB, AC respec¬ 
tively, then we can prove - 


« enq 


(71 


where a and 0 are constants, of which a does not 
depend upon C nor jS upon B. Thus the number 
of molecules of the compound AB formed is pro¬ 
portional to the geometric mean of the number 
of free molecules of A and B, and similarly the 
number of molecules of the compound AO is pro¬ 
portional to the geometric moan of the number 
of free molecules of A and 0. 

Wo see from the equation that the same pro¬ 
portion of gases will enter into combination at 
all pressures. If M, N, P are the total number 
of atoms of A, B, 0, respectively, in the vessel, 
then equation (7) may be written 

v* = ]/3(M —t3)(n—o) * ' ' 


Suppose that 0 is largely in excess of A and B, 
then P - V will be large compared with N~tt, so 
that V must be large compared ?nth w,that is, 0 
absorbs practically the whole of A, and only a 
very small quantity of the compound AB is 
formed; if, however, both A and C are Iwgely in 
excess of B then there is very little free B, the 
whole of it being converted into AB. Equation 
(8) enables ua to find how much of each com¬ 
pound is formed when the substances are mixed 
in any proportions. 

Another case we can solve by the same prin¬ 
ciples is when we have four substances, A,B,G,D, 
such that if their molecules are represented by 
{A}, {C}, |D|; the way they act on each 

other 18 expressed by the equation 

a{A}-e^iB|-rlO] + 81 D}, 
the action being reversible; that is, A and B aot 
on each other to produce C and D, and 0 and Da(3t 
on each other so as to produce A and B. Then if 
p, q, r, s are the numbers of molecules of A, B,' 
C, i respectively, we may prove by the method 
just described that 

• « • • • (9) 


aeoording to the second ^ 

Thus aocording to the fimt hypothesis the 
quantity of hydriodic acid dissociated in a short 
time is proportional to the pressure, while accord¬ 
ing to tne second it is proportional to the square 
of the pressure, so that the twohypotlieses could 


when K is independent of p, q, and s. If 
a+8 = 7 +8, that is, if the chemical action does 
not produce a chaiwe in the number of molecules, 
the relative amoufits of the substances produced 
by the action will be independent of the pressure. 
If P, Q, P', Q'are the masses of A, B, 0, B present 
initially, e{, 8{ the number of moleoules of A 
and B which have disappeared, and H ths 
number of molecules of A aud B which have ap 
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paared when aqnilibrium is reached, thea equa¬ 
tion (9) maj be written 

(P - a{)-(Q - «(P' + yM<y + , (10)» 

Thus if is greater than icF>’Q'^, t is positive, 
that is, the A and B molecules combine to form 
0 and D; but if P*Q® is less than ftP'^Q'*, { is ?^e- 
gative, that is, the C and D molecules combine 
to form A and B; thus the nature of the ohemical 
action depends on tlie relative amounts of the 
combining substances initially present. This is 
an example of what is called mass ficiion, which 
we shall consider more in detail in the following 
paragraph. For other examples of the applica¬ 
tion of tnis method we may refer to a paper by 
J. J. Thomson on chemical combination (P. M. 
18, 232). 


Ouldberff and Waa^e's ’1 
A theory of chemical action based to some 
extent on kinematical principles was given by 
Ouldberg and Waage in 1867 {PJtudes sur les 
AfmiUs Ghimiques), and an extended applica¬ 
tion in 1879 (/, 19, 69) ; the results of this 

theory have been compared by the authors and 
others with the results of a large number of ex¬ 
periments. The theory may perhaps best be 
illustrated by considering a special case. Let us 
suppose that we have four soluble substances, 
A, B, 0, D, in solution, and that these substances 
are such that A by Its action on B produces 0 
and D, while C by its action on X> produces A 
and B; we may suppose that the four substances 
are hydrochloric acid, sodium nitrate, nitric acid, 
and sodium chloride. Lotp, q, r, s be the masses 
of these substances, respectively, expressed in 
gram-equivalents, v being the volume in which 

they are contained, then £, £ are called 

V V V V 

by Guldberg and Waage the active masses of the 
four substances, and they assume that theamount 
of A and B which in unit time changes into G and 
D is^proportional to the product of the active 
masses, and may be expressed by 


V V 


where k is what they call the coefficient of affi¬ 
nity of A and B; similarly the amount of C and 
P which in unit time passes into A and B is 


where Is the coefficient af affinity of 0 and D. 
When the system is in equilibrium the amount 
of A and B which passes into 0 and P in unit 
time must equal the amount of G and P which 
passes into A and B, so |hat 

Kpq m it'rs, • 

or if P, Q, B, S, are the amounts of A, B, 0, D, 
initially present, and { is the number of equiva¬ 
lents uf A and B which change into 0 and D, 
this equation may be written, 

«(P-f)(Q-{)-«^(Rj*«)(S+{) . . (11) 

This u a quadratic equation to determine (; but 
we may easily show that it has only one admis¬ 
sible root, for if { is positive it must not bo 
greater than the smaller of tho quantities P and 
and it negative it must not be greater than 


the smaller of the two quantities B and S. Tb^ 
root is given by 

...*(P+Q) + «'(B+S) 

tho + or — sign being taken according aa 
It- k' is negative or positive. 

From equation (11) we see that il P is 
very much greater than Q, B, and 8 , Q-^ must 
be very small, that is, nearly the whole of B 
must combine; thus if we mix a large quantity 
of hydrochloric acid with smaller quantities of 
NaCl, HN0„ NaNOj, nearly the whole of the 
NaNO, will be changed into NaCl. Again, if 
kPQ is greater than k'BS, {is positive, but if less, 
then { is negative; thus the way the reaction 
1 goes will depend upon the relative amounts of 
j the combining substances initially present. 

I Thus, tf, in case before considered, the 
I amounts of HCl and NaNO^ are large compared 
i with those of NaCl and HNO,, the reaction which 
, goes on will be the conversion of NaNO, into 
I NaCl and HNOj; but if the quantities of HCl and 
NaNOi are small compared with those of NaCl 
I and HNOj the reverse action will go on, and 
, NaCl and HNO 4 will be converted into NaNO, 

; and HOI. This effect of the quantities of the 
, various substances in determining the nature of 
I the ohemical reaction is called inass action. 

I If we put P«Q, B=0, 8=0, equation (11) 
becomes " 

«(P-i)“=K'r. 

Now if P and B are acids, Q and S salts, 

is the ratio in wliich the base divides itself be¬ 
tween the acids A and £ respectively, so that 

for this case ^ is the square of the ratio in'- 

which the base divides itself between the acids. 

Comparison of Guldberg and Waage’s Theory 
with Experiment. 

Etherification.—QalAbstg and Waage 
have compared their theory with the results of 
tho experiments of Borthelot and St. Gilles upon 
etherification (A. Ch. [3] 65, 385; 66 , 1; 68 , 
225). If A, B, 0, D are respectively acetic acid, 

water, ether, and alcohol, they find ^*4. The 

observed and calculated effects of mixing these 
substances in different proportions is given in 
the following table:— 


Initial quantities of 

Quantity of aoetioaoI4 
whioh enters Into 
combioatioa 

oRotio 

aoid 

water 

ether 

alcohol 

observed 

caloolatod 

P 

Q 

B 

S 

f 


1 

0 

0, 

1 

•CCS 

•667 

1 

0 

0 

2 

•828 

•846 

1 

0 

0 

4 

•902 

•980 

2 

0 

0 

1 

•858 

•846 

1 

0 

1-0 

1 

•521 

•493 

1 

3 

0 

1 

♦407 

•409 

1 

23 

0 

1 

•116 

•131 

1 

08 

0 

0 

•073 

•07J 
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Division of a hat€ h$tioe$n two aeidi. 
Thomsen’s experiments. Thomsen, by measnring 
the thermal changes accompanying the reaction, 
was able to oaloolate the distribation of the 
masses (Thomsen’s Thermochemische XJnter- 
9whwigm,lf9S^, WhenA,B,0,Dwerere8pec* 
ftively nitric ^d, sodiodi sulphate, sulphuric 
acid, and sodinm nitrate, Thomsen found that 

^—4, and when they were mixed in different 

proportions the results were given in the follow* 
ing table, where Q»1,B««0, S^O:^ 

P equivalents of nitric acid +1 equivalent of 
_ sodiu m sulphate 

^ Heat absorbed 

t t /-'-, 

observed » calculated 



HCl 

|(H.SOJ 


Chloride of a 
metal 
sulphate 


where the metal may be potassium, sodium, or 
ammonium. 

Taulb 111. 



Hd 


where the metal may beUg, Mn, Fe, Zn, Co, Ni, 
On. We see, themfore, that the value of • is 

k' 

almost independent of the nature of the bf^e. 

Ostwald repeated the experiments, using the 
ehuiM in volume of the solution to determine 
the mstribution of the substances. The experi* 
ments arc described and the results given in the 
«*4. knaOsY fvol* i* 76\, 


Botorogintous ipsfsmt.—Boittwehave 
only considered those cases in which the lour 
substances are in the same oondition, being 
either all soluble or aU gaseous; we can, how¬ 
ever, apply the same considerations to the ease 
when one of them, D suppose, is an insoluble 
solid. In this case if the extent of surface of 0 
exposed to the solution does not alter, its active 
mass is constant; thus, using the same notation 
as before^ we must regard s as constant, and 
then the ^nation becomes 

<cpq=>K'M, 

or since a is constant, 

(p-i)(Q-{)=c{B+e). 

where c is This expression has been vert- 

ffed by W. Engel (/. pr. 19,94) for the case where 
A, B, 0,0 were respectively oxalic acid, chloride 
of calcium, hydrochloric acid, and calcium oxal¬ 
ate. The results are given in the following 
table* 

1 equivalent of calcium chloride 4- P equi* 
valents of oxalic acid. 


Quantity of calclam oxalate 
preoipitatod 



If two of the four substances, B and 0, are 
insoluble, then if the surfaces remain constant 
their active masses are constant, and the equation 
Kpg^K'ra 

will become 

(P-C)=c(K + 0. 

jf’ji 

where c is a constant and equal to ~. This 

Kq 

expression has been tested by Quldberg and 
Waage for two cases (/. pr. 91,92). The first 
case is when A, B, 0,0 are respectively potas¬ 
sium sulphate, barium carbonate, potassium 
carbonate, and barium sulphate; they found that 
when the system had reached its state of equili¬ 
brium, the quantity of potassium sulphate was 
I that of the potassium carbonate. The effect 
of mixing the substances in different proportions 



antities <>( 

" potassium 

carbonate 

p 

H 

0 

3‘6 

0 

2-5 

0 

2 

0 

r 

•2fi 

2 

•26 

2-6 

•26 

8 

■25 

8-8 

•60 

2 


Qaanttty combined 
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iMond oase of this kind investigated by 
Ottldberg and Waage was when A» B, 0, D Vere 
respeotively sodinm sulphate, barium carbonate, 
K^um carbonate, and barium sulphate; tiiey 
found that in this case when the system had 
reached its state of equilibrium the quantity of 
sodium sulphate was | of the quantity of sodium 
carbonate. The effect of mixing the substances 
in various proportions is given in the following 
table♦ 


Initial quantity of 

Quantity oombined 

■alphate 

sodiunT 

oarbonate. 

ob¬ 

served 

calcu¬ 

lated 

P 

B 

■# 

f 

0 

5 

•837 

•833 

0 

3-5 

•605 

•683 

0 

2 

•337 

•333 

0 

1 

•157 

•167 

•2956 

8 

•234 

•254 

•2966 

8-86 

•438 

•896 

•2956 

410 

•440 

•437 

•2956 

4-73 

•658 

•643 


The method we previously described will lead to 
the same results for the equilibrium of hetero¬ 
geneous substances as Guldberg and Waage’s 
method. 

The preceding instances show that in a large 
number of cases Guldberg and Waage’s formula 
ropresento accurately the state of 
equilibrium; nevertheless as given by Guldberg 
and Waage the formula must be regarded as 
almost empirical. The reasoning they give is 
only applicable to the special case of combina> 
tion when the two molecules A and B after 
coming into contact separate as two molecules of 
A' and B'; the reasoning as they give it is not 
applicable to the case where the molecules of A 
and B liave to split up into atoms before com¬ 
bination can take place, though if we use the 
kinematical method previously described we shall 
arrive at the same formula, in this case, if the 
chemical equivalents and the molecules are iden¬ 
tical. The agreement of the formula with the 
experiments in some cases throws some light on 
the constitution of the molecules which take part 
in the reaction. Thus take the case represented 
by the equation 

H 2 SO 4 -i- 2NaN0,» 2HN0, -t- Na^SO* 

pars 

Now if the molecule of sodium nitrate is repre¬ 
sented by NaNOj, the molecule of HjSO^ has to 
come into collision with two molecules of NaNOs 
simultaneously for combination to take place, 
and the number of such collisions isproportional 
to pqK Again the number of colUsiona which 
can give rise to the reverse chemical Mtion will 
be proportional to so that for equilibrium 
» K'rsK 

If we compare this formula with Thomsen’s ex- 

S eriments on this reaction we shall find that it 
oes not agree at all well with the results, while 
the formula xpq = k'ts does Ho. Agam, if we 
consider the question from the dynamical point 
of view (v. n. 442) we shall also arrive at the 
equation — if we assume that the 
molecule <» sodium nitrate is represented by 
NaNO,; if on the other hand we assume that the 
molecule is represented by Na,N, 04 ) both methods 


lead to the equation ttpqmn'rB, which is verified 
by experiment. Hence we conclude, either that 
the relative composition of the molecules is re¬ 
presented by the scheme H 2 S 04 ,Na,N 404 ,Na 2 S 0 |. 
H^NgOc, or else that a salt solution is in no way 
analogous to a number of particles of the salt 
moving about in a volume equal to that of the 
solvent. It may be well to remark that we can¬ 
not get over the difficulty by assuming the above 
reaction to take place in two stages, thus 
H,S 04 + NaNO,« HNaSO* HNO, 
HNaS 04 -I- NaNO, = Na,SO. + HNO,. 
Ostwald’s researches (v. ArriNirr) show mat the 
ratio in which a base divides itself between two 
acids is generally independent of the nature of 
the base, though if one of the acids is H,S 04 
there are exceptions to this rule. We may 
therefore regard k as the product of two 
factors a and of which a depends only upon 
the acid aild 0 only upon the base, while k' will 
be the product of 0 and another factor o' which 
depends only on the other acid; the ratio of k 
to k' will then be the same as the ratio of a to 
a', and will depend only upon the acids. If we 
apply the method given on p. 436 to this oase we 
can see how this may be brought about. Let us 
consider the reaction 

HCl + NaNO,« HNO, + NaCl. 

Letp, g, r, s be the number of molecules of 
HCl, NaNO,, HNO,, and NaCl respectively, f„ 
f,, the paired time of these molecules, ana let 
Xt y, s, w be the number of free atoms of H, Cl, 

NO,, and Na respectively, the time an atom 

’’i 

of H is free from one of Cl, - the time an atom 
of H is free from one of NO,, ~ the time an 

atom of Cl is free from one of Na, and — the 

time an atom of NO, is free from one of Na; 
then, by the method on p. 437, we have the f(ti- 
lowing equations 


dp 

xy 

p 

di ” 


■ t, 

dj 

0W 

s 

dt “ 


t. 

dr 

XX 

r 

dt ” 

U U 

ds 

mj 

8 

dt " 

■’■4 



So that when there is equilibrium 




•P2 - 


f.f4 


(IS) 


r„ T4, tft t, are the only quantities which depend 
upon the base. We may regard the salt as made 
up of two systems, the radicle and the base, held 
together by forces befeveen them; these forces 
^ depend upon the relative configuration of 
the two systems, and we may suppose that tbii 
force vanishes when the two systems have simul¬ 
taneously the configurations a and 0, Now U 
Ti, T, are ^e times of vibrations of the syitemi 
about the configurations a and 0 respeotivuy, the 
time which elapses between the two systems ibav- 
ing this configuration and entering U agaiu wUl, ii 





EQUILIBRIUM, OHEJCOAL 


T) isd Tf an inoommenamable, be T| xT,* so 
that if the sTstam can get into the state in which 
the /oroe between them yaniehes, the longest 
time thej can exist without doing so will be 
T, X and thus the paired time wul be propor¬ 
tional to T, X Tf. The two systems will probably 
vibrate approximately as it they were tree, so 
that, approximately, T, will only depend upon the 
radicle and T, on the base; thus, since the base 
in KaCl is the same as in NaNO^tbe ratio of 
t, to tf will be independent of the base. Again, 
when the base and radioleoome together again after 
having been dissociated, the force between them 
will depend upon their configuration, and we 
may suppose that unless the atoms are in cer¬ 
tain configurations the force between them will 
not be sufficient to cause them to enter into com¬ 
bination. If T,', Tj* are the times of vibration 
of the radicle and the base about these configu¬ 
rations, the time which will elapse, between the 
systems leaving this configuration and entering 
it again will be T,' x T^', the longer these intervals 
are separated the less chance will there be of the 
system entering into combination, and the free 
time will be proportional to T,' 5 since one 

of these factors depends only on the base, and the 

other only upon the radicle, —* will be indepen¬ 
dent of the base, and therefore by equation 
(12) the proportion in which the base divides 
itself between the two acids will bo independent 
of the base. (For another method, partly kine- 
matioal, v. Piaundler, P. Jubelbd. 1B2,131, 65.) 

Dymautcal Methods. 

In any dynamical system in a steady state 
there is a certain quantity called the Lagrangian 
Function (T-V, where T and V are respectively 
the mean kinetic and potential energiesof the sys¬ 
tem) which reaches a maximum value when the 
system is in a steady state, and the knowledge 
of the expression for this quantity enables ns to 
determine the cohfiguration of the system when 
in this state. Exactly the same thing holds for 
the pb^iced and chemical systems whose equili¬ 
brium we are now considering. It may be proved 
(see Applications of Dynamics to Physics and 
Chemisky, J. J. Thomson, chap, ix.) that when 
such systems are in a steady state their mean 
Lagrangian Function has a maximum value, and 
that all the circumstances of the equilibrium can 
be obtained by making use of this property. We 
shall for brevity call the mean Lagrangian Func¬ 
tion, the quantity which has this property, the 
* directrix* of the system, as the behaviour of 
the system is entirely related by this func¬ 
tion. 

The directrix is closely analogous to what in 
thermodynamics is called the entropy of the sys¬ 
tem, and the theorem that in the steady state 
the * directrix * is a maximum is analogous to 
Clausius’ theorem that^the entropy of the sys¬ 
tem tends to a maximum. Willard Gibbs {BqniU- 
brittm of Heterdgmeous Substawes; Am. 8. 16, 
442), Horstmann {B. 12, 64), Liveing {Chemical 
BquiUbriim the result of the degradation of 
Energy) (PUnck, W. A. 80, 662; 81, 189; 82, 
462), have treated thq subject of chemical equili- 
brium from this point of view. As the problems 
sail, however, bo solved by purely mechanical 


principles it seems preferable to da so. Thoo^ 
we can obtain the conditions of equilibriom both 
from meebasioal principles and from the Second 
Law of Thermodynamics, it does not follow that 
we can therefore dednoe the Second Law of 
Thermodynamics entirely from mechanical prin¬ 
ciples. The Second Law of Thermodynamics 
consists of two parts: one.thatevery distribution 
of heat tends to uniformity, by heat passing from 
places of higher to places of lower temperature; 
the othbr, that the entropy is a perfect dif¬ 
ferential ; the second of these statements, but not 
the first, can be proved by purely dynamical prin¬ 
ciples. It must be remembered that what weshow 
is that if the system dees reach a steady state, 
the directrix must be a maximum; we oannot, 
however, prove that it must reach this state; 
this has to be deduced from observation. 

In order to apply this method to find the 
conditions of equilibrium for chemical systems, 
we shall require the expressions for the directrix 
both for a ma'^s of gas and a mass of liquid. If L, 
be the directrix for a mass { of a gas, which obeys 
Boyle’s Law, and whose density is p, and abso¬ 
lute temperature 6, then (J. J. Thomson, Apph- 
cations of Dynamics, chaps, x. and xi.) 

log f!?+tAfl+4B5 log fl-iV, . (13) 
P 

where B, is the value of p being the pres- 

pe 

sure; p^, A, and B are constants, and V, is the 
mean potential energy of the molecules of unit 
mass of the gas. 

The directrix L, of a mass v of liquid, free 
from strain, electrification, < 20 ., is given by the 
equation 

L,-u^(e)-uVa . . . (14) 


when <t> (9) is a function of the temperature, and 
V, is the mean potential energy of the molecules 
of unit mass of the liquid. If the' liquid is 
strained or electrified, or if it possesses energy 
in virtue of its surface tension, we can easily 
calculate the correction to the directrix; for, since 
the directrix is T-V, all that we have to do is to 
calculate the potential energy arising from the 
strain, (2c., and subtract it from the expression 
(14). Thus if the liquid is strained we must 
subtract from (14) where k is the bulk 

modulus of the liquid, Vg its volume when un¬ 
strained, and <r is the compression; again if the 
liquid has a free surface it will possess potential 
energy in virtue of its surface tension, equal to 
ST when S is the area of the surface and T the 
surface tension; to get the directrix in this case 
we must, therefore, subtract ST from the value 
given by (14). 

To illustrate the method of solving problems 
by this principle, let us take the case of the 
evaporation of a liquid in a closed vessel. We 
have here two systems to consider: the vapour 
and the liquid; if (is the mass of the vapour, 
which we shall assume to obey Boyle’s Law, its 
directrix L, is g^en according to (13) by 


L,-£B.91og & + {A9+(B«log«-{V,; 

P 

whik tt«if the mesa o< the liquid, ita diieotriz 
IkiagiTeD b; 
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ind It A li &• iinotrix o! the whole system, 

AwLi^f Lj. 

When the system is in equilibrium A must be a 
maximumi so that it we suppose a mass H of 
the liquid to evaporate we must have in the, 
state of equilibrium 

1-0 . .(16) 
Since &e sum of the masses of the vapour and 
liquid is constant -1, so that equation (15) 
leads to the relation 

Beiog^ + K6^ + AS +30loge - ^ (v, - Vs) = 0 

a <r 

•. . . w 

where ff is the density of the liquid. This gives 
the expression for the vapour density p of the 
liquid at the temperature B. 

It may be well to consider this case more in de¬ 
tail. Let us suppose that we start with some of the 
liquid and no vapour: then the system will move 
so as to increase the directrix; now at first when 
« 0 the rate of increase of L, with {is infinitely 
great, so that a will increase if a small quantity 
of the liquid evaporates, and therefore, by the 
principle just stated, evaporation will take place; 
as more liquid evaporates the rate of increase of 
L, gets smaller and smaller, until a point is 
reached where the increase in the directrix of 
the vapour, when a small quantity of the liquid 
evaporates, equals the diminutiori of the direc¬ 
trix of the liquid under the same circumstances; 
when this point is reached the directrix will be 
a maximum and the system will remain in this 
state. If the external circumstances alter so as 
to affect the rate of change of the directrix of 
either the vapour or liquid as evaporation goes 
on, it will alter the point at which equilibrium 
is reached. Thus, for example, suppose that 
theligyid is in the form of a spherical drop: ' 
then, in virtue of its surface tension, it will I 
possess potential energy proportional to its sur -1 
face; when it evaporates, the surface, end there- > 
fore the potential energy, will diminish_; but 
since the directrix of the liquid is T—V, the 
diminution in the potential energy of the liquid 
when it evaporates will cause the directrix to 
diminish more slowly with evaporation than it 
would if the liquid were of such a form that the 
area of its surface did not change on evaporation. 
The evaporation will, therefore, have to go on 
further than before, in order that the rate of in. 
crease of the directrix of the vapour shall sink 
to that of the rate of diminution in the directrix 
of the liquid. The vapour pressure, therefore, 
when there is eqailibrium«will be greater when 
the liquid is in the form of drops than when 
its surface is plane. If the drop, however, had 
been electrified, then, since the electricity is not 
carried away by the vapour, the potential energy 
of the liquid will increase as evaporation goes 
on, and the drop gets smaller, so that the same 
reasoning as before will show that the vapour 
pressure over an electrified dAp is less then over 
one which is not electrified. These^ cases are 
examples of a corollary from the principle we 
are ooneidering, which may be stated generally 
by saying that when the physical environment 
of a system is changed, and the consequent 


change in the direotrix of the system increases 
as an^ physical process goes on, then this pro. 
cess have to go on further in the changed 
state before equilibrium is reached than in the 
unchanged one, while if the change in the direo* 
trix diminishes as the process goes on it will not 
have to proceed so fa|. The principle that the 
directrix is a maximum in equilibrium readily 
enables us to calculate the change made in 
the extent to which the process goes on. Thus, 
in the case of evaporation, if x is the change in 
the directrix caused by any change in the con¬ 
ditions, Sp the consequent change in the vapour 
pressure when there is equilibrium, then we can 
easily show that 




Ljz. i?, 

'B.B <r — p 


In the case of the spherical drop, x Ib minus the 
potential energy rlue to surface tension, or if a 

be the radius -dva^T, and since ^ 

a£ 4ira*^ 

we get 

<r—p a Bd 


Dissociation.—Vfe can apply the same 
principles to cases of dissociation: let us suppose 
that we have a gas A which dissociates into two 
others, B and C; let ij, C be the masses of these 
gases; p,, p.^, p^ their densities; v,, Vp U| the 
mean potential energy of unit mass of their 

molecules; R,, Rs* II*® values of ^ for the 

po 

three gases respectively; then if L„ Iq, L, are 
the directrices of the three gases 


L, = £B,e log * + £A.,8 + {Be log e - £V,; 
Pi 


with corresponding expressions for Lj and L^* 
A, the directrix of the whole system, is given 
by the equation 

A » Lj+Lj+Lj • 

if V is the volume in which the gases are con- 
fined., = = 5, />,=-. When the system has 

V V V 

reached equilibrium, A is a maximum and 

theielore -- is zero, if c„ Cj, c, are the com- 

d( 

billing weights of the gases A, B, C, 


dfj 

dl 


■ S’ and -“JC 
c, di 


5!. 

0 l 


So that the condition 


<f£ 

leads to the equation 
B.eiogfa.'- 52 E,e log E.elog 

P, C, Pi Cl (>• 


- (E,9 - ^ B,9 - 5’ E,e) + (^1 “ 4*^“ 4 

' ‘ Cl Cl ^ ®I 

+ (B, - 52 B, - 5’ B,)e log 

C| ^1 ' 


or since 


ejEi«CjRi»*6|B| 
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Whtre 0 And a are oonatanti, in the case of 
the dissociation of an eleinentary gas into atoms, 
we mast sappose B and 0 to be the same, so that 
; thus equation (17) reduces to 

1!%is equation Is the same as that which we pre¬ 
viously obtained from kinematioal principles, 
but expresses in addition the way the dissocia¬ 
tion varies with the temperature. FormuUe de- 
rived from tiaermodynamical principles have 
been given by Willard Qibbs {Equilibrium of 
Eet&r^eneoiu SubstancBSt p. 169) and Boltz- 
mann {W. A. 22, 89). In Willard Gibbs’s for- 
mala a is equal to -<1, and in Boltzmann's it is 
equal to aero. Natanson’s experiments on the 
dissoolatioD of show that neither of tiiese 
valnes of a agrees well with the observations. 
We see from (17) that if we have given masses 

of the substances, ^ is proportional to v, so that 

the greater the volume in which the gas is con¬ 
tained the greater is the dissociation. The effect 
of an excess of one of the products of the disso¬ 
ciation (o. art. Dzssocutxon) follows at once 
from (17). 

—Oi+^o,—Oi is the increase in the po- 

tential energy when unit mass of the gas disso¬ 
ciates; it may be approximately measured by H, 
the amount of heat which must be supplied to 
the system to keep the temperature constant 
when unit mass dissociates; when dissociation 
it accompanied by an absorption of heat, H is 
positive, when by an evolution, H is negative. 
Introducing H into equation (17) we get 


iC 

iv 


C»-« 


(18) 


10 that if H be positive when B is 0, and. 

{0 

therefore, either n or C mast vanish, so that at 
the absolute zero of temperature there is no dis- 

BooiatioD; when B is infinite is infinite if a bo 

... 

positive, ( must vanish, and therefore all 

the gas be dissociated; if a be zero ^ is finite, 

iv 

and there is a finite amount of dissociation; and 
if « be negative ^^is zero, and there is again no 

diuodatioD. We see from (18) that the greater 
the thermal changes accompanying dissocia¬ 
tion, other oiroumstances being the same, the 
smaller wtU be the amount of dissociation at 
• given temperature. e 

DilutB tolutions. —So far we have only 
eoi^ered gases^ but Van’t Hoff {L'Equilibre 
ckimiqus dans Us sysUmes gazeux ou dissous d 
Viiai diluit Arehiv. NierlandaiSt 20,239 [1887]) 
has pointed out that Bfeffer’s experiments on the 
ottiwo pressures produced by salts dissolved in 
VAttc (Htfftti Osmotiichi Untersuchungen, Leip- 


sig, 1887), and Baoult's experiments pa the efleot 
of dissolved salts on the freezing pointe of solu¬ 
tions (it. Ch. [6] 4,401), show that the molecules 
of a salt in a dilute solution exert the same pres¬ 
sure as they would exert if they were in the 
gaseous state at the same temperature, and occu¬ 
pying a volume equal to that of the liquid in 
which the salt is dissolved, and that the pres¬ 
sure exerted by these molecules obeys Boyle’s 
and Gay-Lussac’s laws. This being so, the direc¬ 
trix for the salt dissolved in the liquid must be 
the same as that for an equal mass of gas filling 
the volume occupied by the liquid. The pre¬ 
ceding remarks are strictly true for such solvents 
as benzene or alcohol, but when the solvent is 
water there are many exceptions to them; most 
inorganic acids and salts benave as if they exerted 
a greater pressure than this rule would indicate, 
and it has been suggested by Arrhenius that this 
is due to the dissociation of the salt in the solu¬ 
tion, though in some oases it would be necessary 
to suppose that dissociation amounted to more 
than 95 p.c. in order to explain the effect. We 
must remember that this representation of the 
behaviour of a solution is founded on the hypo¬ 
thesis that the solvent merely sustains the par¬ 
ticles of the salt or acid, and it would require to 
bo m^ified if anything analogous to chemical 
combination took place between the salt and the 
solvent; as such combinations do undoubtedly 
in many cases take place, it does not seem 
necessary to call in the aid of extreme dissocia¬ 
tion until it has been shown that the effects 
could not be explained as due to the chemical 
action between the salt and the water. The fact 
that in order to produce comparable osmotic 
pressures it is necessary to have in the solution 
the same number of chemical equivalents rather 
than the same number of molecules points also 
to this explanation. If we assume that the direc¬ 
trix of the dissolved salt is the same as that of an 
equal mass of the substance when gaseous and 
occupying the same volume, it is easy to calcu¬ 
late the conditions of chemical equilibrium be¬ 
tween them. For, let us take the case where we 
havedilute solutions of four substances A, B, 0,1), 
such that when A acts upon B it produces 0 and 
D, and when G acts upon D it produces A and B. 
Let {A|, (B|, {C{, {I)| represent the molecules 
of A, B, 0, D respectively, and let the chemical 
action which takes place be represented by the 
equation 

a{A}+6{B|-.c{0|+d{D}. 

(t Vt < represent the masses of these 
substances respectively, and let the directrices be 

{H.e log ^ + ({iLfi+ B,fl log 6) - {w, 

ilEjfllog'^ + .|(A,e + Bj« log 

«|A 

fB,eiog!!^+ flA,s+B,9ioge)-fw, 

«Bj* log + -(A.* + B,9 log 9) - tw„ 

where v ia the Tolnme of the Bolvent, let Q 
represent the directrix of the solvent, w„ «>„ ui„ 
is„ being the potential energies of unit masses of 
the substances. If C|, C|, o„ c. are the oom- 
bmiog weights of the fbui substances, and df. 
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Uhd(,d9Ut oommponding inoremeste in Ui«ir 
xuunes; then the tnorements in the nnmber 
>1 moleonles of e&oh of the substances are pro* 

poriional to ; but by the nature 

)f the reaction which goes on between these 
mbstanoes, the increments in the number of 
(noleculea must be proportional to a, b, --Ct-d, 
io that we have 

<M| 6Cj CC, dCi 

or 

d( ac/ di ^ ac/ d( ac, 

Then, since in equilibrium the directrix is a 

maximum, ~ must vanish; from this condition, 
d( 

and remembenng equation (19), and that K,c, 
St BjCg *■ R,c,» R^c^, we get 


(19) 




h,» tU (20) 


when <fr(6) is a function of tlio temperature, and 
w » f W| + Vtffg + C«J, + 

The value of ^ will bo zero if the proper¬ 
ties of the solvent do not change as chemical 
action goes on; in any case since the solutions 
are very dilute the properties of the solvent may 
be assumed to bo changed by an amount propor¬ 
tional to the quantity of the salt dissolved, so 
that Q will be a linear function of (, v, C> and 

therefore will bo independent of (; thus the 
d( ■ 

existence of the term involving Q will not modify 
the form of the equation, but is at most equiva¬ 
lent to a alight alteration in the value of 

the increase in the potential energy of the 
d( • 

system when the mass of { is increased by unity. 
It may be shown (v, J. J. Thomson, Apjplicaitofts 
of Dynamics to Physics and Chemistryt p, 278) 

that 

A-- (a»,c, ♦4i,c,-r*»c»-««4i:*) 

<p(9) sc tf***^* 

where S|, s^, 8|, s^ are the speciHo heats of the 
substances A, B, C, D respectively. 

Equation (20) will enable us to find the effects 
of pressure and temperature upon chemical com* 
bination. 

Effect of pressure.—Piom equation (20) we 

(Cf<l 

see that, ifa + b>*e+d, then is independent 

of the volume; but if o + 4 = c+<f, the number 
of the molecules is not altered by<the chemical 
reaction, so that in this case the amount of com¬ 
bination is independent of the pressure; if 
a -f b is greater than o + d, then the greater the 

volume V the smaller is the ratio r. Now, 

w ; 

the action of 0 upon D tends to diminish this | 
ratio, while that of A on B tends to increase ; 
it, and if a + 6 is greater than the number 

of molecules is increased when 0 acts upon D 
and dirninished when A acts upon B. Thus, 
when ohemmal combination alters the numW of 
th^ Itate of equilibrium depends upon I 


Hh 

the volume of the solvent, and the effect of ia- 
oreasing the volume is to favour that reaction 
which is attended by an increase in the number 
of molwules.' In other words, the chemical ae- 
tion which produces an increase in volume is bin- 
' dered by pressure, while that which produces a 
diminution is helped by it This is an example 
of the corollary stated on p. 443. 

^Effect of temperature,—In equation (20) 
^ represent the increment in the potential 

energy of the system when { is increased by 
unity, and may be approximately measnred by 
the amount of heat given out when f diminishes 
by unity; if the combination of C and D is ac¬ 
companied by the production of heat, is 

negative, and therefore, when B is zero,-&*! is 

zero too, land therefore either C or t must 
vanish; that is, the combination of 0 and D 
goes on until one of the components is exhausted; 
in other words, the reaction which is attended 
with the production of heat will go on as far as 
possible. 

According to Berthelot’a law of maximum 
work the reaction accompanied by the forma¬ 
tion of heat goes on as far as possible at all 
temperatures; we see, however, from equation 
(20) that in reality it only does so at the absolute 
zero of temperature, though, if the reaction is 
accompanied by large thermal effects, the law 
will be an approximation to the truth for a con¬ 
siderable range of temperature. 

This equation shows, too, that if there is any 
thermal effect at all, the relative affinities of two 
acids at the absolute zero of temperature is 
either zero or infijiity. 

If the substances obey Dulong and Petit*! 
law 

e,c, • 5jC,=«,c, a o w, say; 

and then 

{V 

If o + 6 IB greater than o+(f, then is infinita 

when Q is infinite, that is, the reaction accom¬ 
panied by a diminution in volume goes on as far 
as possible at an infinitely high temperature. If 
a + 6«c + d, that is,if the combination does not 
change the volume, the combination vrill only be 
partial at an infinitely high temperature. 

We saw that Ostwald’s experiments showed 
that in the case of an acid and two bases ^ 
value of 

&& 

(im* 

was independent of 4he nature of the base t 
equation (20) shows that for this to be the case 
the amount of heat given oat,*when ^e number 
of molecules of one of the salts inorea^ by 
unity and that of the other diminishesbytmi 
same amount, must be indepen&nt of the nat^ 
of the base. Now Thomsen*! thermoohMoioal 
researches have shown that the heat of loma- 
tioa of a salt seems ip be tite sm ^ t#o para 


-J. 
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(«..Lotfaftr Ueyer, P. U. 23, 504), one of whiob of an aoid, they attempted to determine the 
depends only on the base and the other only on qaantities of Taidoas bases which were neoessary 
the aeid. Thus, in the reactions of the kind we to neutralise this quantity of the aoid; and on 
are oonsidering, where we have two salts of the the other hand, taking a certain quantity of a 
same base, one of which is formed while the other base, they attempted to determine the quantities 
disappears, the thermal effects will be indepen« ‘ of various acids neoessarj^ to neutralise this 
dent of the nature of thtf base. We see, there- quantity of the base. The important result was 
fore, that thermoohemioal invratigations confirm reached that there is a simple relation between 
Ostwald’s results. the quantities of bases necessary to neutralise a 

The greater the thermal effects which accom- definite quantity of an aoid, and the quantities 
pany the reaction the more rapidly will the of acids necessary to neutralise a definite quantity 
conditions ot equilibrium vary with the tern- of a base. Not long after this discovery was 
perature. mado, the fact that the elements combine accord- 

By the principle enunciated on p. 442 we can ing to a similar law, called the law of definite 
readily find the effect of any alteration in the proportions, was discovered. This discovery, 
physical conditions on the amount of chemical and that of the law of multiple proportions, sug- 
combination which must take place before equi- gested at once an enlargement of the old atomic 
librium is reached. Thus, take for example the hypothesis, and the connexion between the rela- 
effect of surface tension; if the energy due to the tive weights of the elements which enter into 
surface tension increases as a cbercical action combination and the relative weights of the 
proceeds, then the larger the surface of the solu- atoms was pointed out. Owing to serious diffi- 
tioD the smalleris the amount of this action which culties in the way of determining the atomic 
takes place before the condition of equilibrium weights, some chemists felt the necessity of 
is reaped; in other words, the surface tension getting back upon a more solid foundation than 
checks that reaction which is accompanied by was afforded by the atomic theory in the form 
an increase in that part of the energy of the which it then had. It was proposed to give up 
system which depends upon surface tension. For the hypothesis in dealing with the proportions 
illustration of the effect of surface tension on by weight in which the elements combine; and 
chemical action v. Proc. Camb. Phil, Soc. 1888. it was at this time that Wollaston introduced 
The same principle will show that if the co- into chemistry the word equivalent. Wollaston 
efficient of compressibility of the solution alters proposed to do for the elements what some of 
as chemical action proceeds, the amount of this his predecessors had done for the acids and 
action which takes place before equilibrium is bases. He proposed to determine the relations 
reached will depend upon the pressure applied to between the weights of the elements which 
the solution; since, if pressure is applied to the combine with one another, and then to state 
liquid, the energy of the system, and therefore these relations without reference to any hypo- 
its directrix, wiU alter as the chemical change thesis. The figuresexpressingthese relations he 
proceeds. Again, if the coefficient of magnoti- proposed to call equivalents. The meaning of 
sation alters as chemical combination goes on, the word is simple enough. When the statement 
the point at which equilibrium will be reached is made that 35*5 parts of chlorine are equiva- 
will depend upon the intensity of the magnetic i lent to 80 parts of bromine and 127 parts of 
field in which the solution is placed. iodine, the meaning is only that 35*5 parts of 

In fine, if the quantity of any kind of energy chlorine, 80 parts of bromine, and 127 parts of 
changes as chemical combination proceeds, the iodine combine with exactly the same number 
conditions for chemical equilibrium will depend of parts of some other element, as, for example, 
on the amount of the energy possessed by the with 1 part of hydrogen, 23 parts of sodium, 
system. 39*1 parts of potassium, <&c.<ko. The quantities 

The amount of the alteration in the value of it, named of chlorine, bromine, and iodine, are equi- 
. rced , , . 1 . valent in their combining power. Clearly, figures 

the value of produced by an alteration x determined in this way arc independent of hypo- 

in the directrix, is given by the equation thews. . , , ^ ., , , 

j , Turning beck to the acids and bases, it will 

® be seen that the problem with which Bergmann, 

* Bichter, and others were engaged was of the 

If we apply dynamical methods to hetero- same general character. _ In their neutralisation 
geneons systems we shall get exactly the same experiments they determined the equivalents of 
eqnatioDS as those we previously deduced from the acids and bases. They determined how 
kinematical principles. J. J. T. much of a given acid is necessary to neutralise 

BdffnriC ACID. A crystalline acid said to a certain quantity of a base, and how much of a 
exist in fresh mare’s-milk (Duval, C. li. 82, second acid is necessary to neutralise the same 
4 X 9 ). quantity of the same base; and the quantity 

IBQUISSnC ACID V . Aconitic acid. of the first acid was equivalent to the quantity 

EQUIVALENCY. Tlr conception of chomi- of the second acid. So also the equiv^ents of 
eal equivalence is founded upon the relations be- the bases could be detem^ed. Thus it is clear 
tween acids and bases. In the latter part of the that the equivaleat quantities of all aci^ on the 
last century some interesting and important in- one hand, and the equivalent quantities of all 
vestigations were carried on by Bergmann, Kir- bases on the other, might be determined. By 
wan, Wenzel, and Bichter on neutralisation, enlarging the meaning of the word equiv^eni, 
Their object was to determine the relative quan- a given quantity of a base and the quantity of 
titles of acids and bases which are neoessary to an acid which it can neutralise mi^t be called 
efleot oeatraliMtioo. Taking a certain quantity equivalent. 
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.Os first tKonghi, it would appear to be a 
siisple matter to determine the equivalents of 
acids and bases; butdiffloulties are soon met with. 
We can easilv determine the equivalent ouanti- 
ties of hydroohlorio, hydrobromio, and hywiodio 
acids, and as each of these oolds forms but one 
salt with a simple base, like caustic potash, the 
results obtained leave us in no doubt. When, 
however, we attempt to determine the quantity 
of sulphuric acid which is equivalent* to S6'5 
parts of hydrochloric acid, we find that the acid 
forms two salts with such a base as caustio 
potash. If we take one of these as the guide 
the equivalent of the ao^ will be one number; if 
we take the other salt as the guide the equiva- 
lent will be entirely different.* It may be said 
that one of these salts has an acid reaction, and 
therefore, as it is obviously not neutral, it should 
not be taken as the guide. But if we take the 
case of phosphoric acid, wo shall easily be misled 
if we depend upon the reactions of the salts to 
inform us which one should be used in deter* 
mining the equivalent of the acid. This acid 
forms three salts with caustic soda. The quan* 
tities of the base necessary to form these salts 
are to one another as 1 to 2 to 3. As is well 
known, only the second salt has a neutral reac¬ 
tion, the third one being distinctly alkaline, and 
the first one acid. Why not then agree to mea¬ 
sure the equivalents of the aoids by means of 
those salts of the acids which contain the largest 
proportion of the basic constituent? That 
would lead us into another difiiculty due to the 
fact that some bases have the power to form 
what are called basic salts, and others have not. 
Should we determine the equivalent of an acid 
by meanc of a base which forms basic salts, we 
should get one result, while if wo should deter¬ 
mine the equivalent by moans of a base which 
does not form basic salts we should get quite a 
different result. Similar difficulties are encoun¬ 
tered in attempting to determine the equivalents 
of the bases. 

The determination of the equivalents of 
chlorine, bromine, and iodine is easily made. 
Each of these elements combines with hydrogen 
in only one proportion. As hydrogen has the 
smdlest equivalent, the idea suggests itself at 
once of using this element as the measure of 
the equivfUents of all the other elements. The 
problem would then be simply to determine the 
quantities of other elements which enter into 
combination with a fixed (Quantity of hydrogen, 
and the figures representing these quantities 
would bear to one another Idie relations of the 
equivalents. Using this method, it is found that 
the equivalent of sulphur is 16, that of nitrogen 
4}, that of oxygen 8, &o. • 

The case of carbon presents peculiar difficul¬ 
ties, for the reason that this element combines 
with hydrogen in a great many different propor¬ 
tions. In one of the compounds 1 part of hydro¬ 
gen is combined with 8 parts of carbon, in 
another with 4 parts, in another with 4|( parts, 
in another with 6 parts, Ac. * 

But most of the elements do not combine 
wi^ hydrogen. In these cases how shall we de* 
iermina the equivalents 7 It seems to be fair to 
UM some other element, as, for example, chlor¬ 
ine, the equivalent of which has been determined 
by means the hydrogen standard. As 85*5 


parts of oUorine are equivalent lo 1 part of hy¬ 
drogen, it is only necessary to determine what 
weight of some other element combines with 
85’6 parts of chlorine in order to know the equi- 
yalent of this other element. Thus 39*1 parts 
of potassium, 23 parts of sodium, 20parts of cal¬ 
cium, and 9 parts of alhminium, combine with 
86*6 parts of chlorine, and, therefore, the flares 
just given represent the equivalents of these ele- 
ments. If chlorine is used as a measure of equi¬ 
valence, then in some cases results are obtained 
which are different from those obtained when 
hydrogen is used as the measure. Thus the 
equivalent of phosphorus measured by hydrogen 
is lOJ, whereas measured by chlorine it is either 
lOJ or 6^. We may, however, agree to measure 
by means of chlorine the equivalents of only 
those elements which do not combine with hy¬ 
drogen, though it would be hard to give any rea¬ 
son for this, ^oept that we are led into difficulties 
unless the use of chlorine is thus limited. Does 
this end the difficulties ? By no means. Iron 
combines with chlorine in two proportions. In 
one of the compounds 14 parts of iron, in the 
other only parts of iron, are combined with 
85*5 parts of chlorine. What is the equivalent 
of iron ? If we agree to regard 14 parts of iron 
as equivalent to 35*5 parts of chlorine, in what 
light shall we regard the 9| parts which, in the 
other chloride, also hold m combination 85*5 
parts of chlorine ? Are these also equivalent to 
35*5 parts of chlorine ? If so, then plainly 
we are led to the startling conclusion that 
14 parts of iron are equivalent to 9| parts of 
iron. 

It appears that any attempt to determine the 
equivalents of the elements without reference to 
some hypothesis must end in failure, or at least 
it must lead to unsatisfactory results. There is 
so much room for doubt in regard to which 
figure to select as the equivalent that, in many 
cases, two, and even more than two, equivalents 
might with equal right be selected by different in¬ 
vestigators. Plainly, the solid foundation wUch 
Wollaston desired, and which we all desire, is not 
furnished by a system of equivalents. In dealing 
with similar elements and similar compounds we 
can speak of equivalent quantities without danger 
of confusion. Thus, for example, we cannot be 
misunderatood in speaking of equivalent quan¬ 
tities of chlorine, bromine, and iodine; of nitric 
acid and hydroohlorio acid; of sulphuric acid 
and sulphurous acid. At present, however, the 
word equivalent is used very much loss tlian it 
was in the early part of this century, for the 
reason that other and clearer conceptions have 
been introduced into the science. What relation 
the equivalent bears to the later conceptions will 
be shown further on. 

For the oases named above, and for similaf 
cases in which an element combines with another 
in more than one proportion, it may be assumed 
th^ in one compound # certain number of equi¬ 
valents of the one element are in combination 
with one equivalent of the other element, while 
in the second compound another numlm ol 
equivalents of the second element are in com¬ 
bination, Thus, in water, 8 parts of oxygen 
are in combination with 1 part of hydn^en, 
while in hydrogen dioxide 16 parts of oxymn are 
in combination with 1 part of hydrogen. It may 
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tw ass'umed that in water one equivalent of oxy* 
gen is oombinod with 1 equivalent ot hydrogen, 
while in hydrogen dioxide 3 equivalents ot oxy> 
pn are in combination with 1 equival ent of 
hydrogen. In this case, what is an equivalent ? 
How can we properly speak of 3 equivalents oi 
one element oombining^ with 1 equivalent of 
another ? In doin^ so we unconsciously make 
nse of an hypothesis, and, if we attempt to ex* 
press this hypothesis in words olearly, we shall 
certainly find that it is essentially the atomic 
hypothesis of Dalton, according to which the 
combination of elements takes place between 
small particles which have definite weights. Gall 
these weights equivalents, combining weights, or 
atomic weights,'the hypothesis is essentially the 
same. The moment we accept such an hypo* 
thesis the problem of determining equivalents in 
the new sense becomes the determination of the 
relative weights of the smallest particles of the 
elements which enter into chemical combination. 
To these new weights the term equivalent is not 
applicable. It may, however, be retained in its 
old sense, while the name atomic or combining 
weight is applied to the smallest weight of an 
element which enters into chemical oombination. 
This atomic weight may or may not be identical 
with the equivalent. 

' To make this clear we may consider the case 
of nitrogen. As we have seen, the equivaleut of 
nitron, deduced from a consideration of the 
composition of ammonia, is 4§. On studying 
the compounds of nitrogen carefully we eoon find 
that the quantity of nitrogen found in those is 
generally considerably larger than is represented 
bv the fi^re 44. Thus in nitno acid to 1 part 
of hydrogen tnere are 14 (-3 k 4f) parts of 
nitrogen; and when ammonia enters into com* 
bination with other substances, as with hydro* 
cblorio and nitric acids, the quantity which thus 
combines is three times as great as that which is 
represented by one equivalent (44 parts) of ni* 
tn^en and one equiv^ent (1 part] of hydrogen, 
(hr, instes^ of parts of ammonia being the 
smallest weight of the substance which enters 
into combination, this smallest weight is 3 times 
5f parts or 17 parts. When ammonia acts upon 
hywMhlorio acid, for example, 86*5 parts of the 
acH combine with 17 parts of ammonia, andnot 
with 6f parts. Similar observations are made in 
the cases of all compounds of ammonia. Further, 
a study certain changes which can be effected 
in ammonia shows olearly that the hydrogen con¬ 
tained in the substance can be taken out one* 
third at a time in three stages, and other things 
pot in its place, thus proving that in the small¬ 
est particle of ammonia there must be contained 
atl^tihreesmallestpaTtioles of hydrogen. The 
nitrogen cannot, however, be thus displaced in 
parts. If it leaves the compound at all, all of it 
leaves at once. Taking, then, all our knowledge 
together, it appears that the smallest particle of 
nitrogen which enters in^ ohemioal combination 
is 14 times bea'rier than the smallest particle of 
hydio^n, and fSiat in ammonia one of these par* 
tmles of mtrogen is in oombination with three 
of the smallest particles of hydrogen. We there* 
call 14 the combining weight, or, now, ao* 
eqfting the hypothesis, the atomic weight, of 
nitrogen. But the equivalent of nitrogen is not 
sbaagsd by t^t the equivalent remams 4f. 


The atomic weight It three times at iprfiatijd.tM 
equivalent. 

The case of carbon is also instructive. Taking 
marsh gas it appears that the equivalent of car¬ 
bon is 3, as in this compound 8 parts of carbon 
are combined with 1 part of hydrogen. But the 
hydrogen of marsh gas can be easily displaced 
by other elements, and four distinct steps in the 
reaction can bo recognised. In eaqh step one* 
fourth of the hydrogen is displaced. In all the 
reactions of marsh gas a quantity takes part 
which oontains 12 parts of carbon and 4 parts of 
hydrogen. Further, an extensive study of oarbon 
compounds has shown that the smallest par* 
tiole of this element ^icb enters into ohe* 
mioal action is twelve times as great as the 
smallest particle of hydrogen found in combina¬ 
tion. Therefore, we say the atomic weight of 
carbon is 12. But the equivalent of carbon as 
deduced from the analysis of marsh gas m 3. The 
atomic weight is four times as great as the equi¬ 
valent. Similar studies of oxygen compounds 
have shown that the atomic weight of oxygen is 
16, while its equivalout is 8, or the ratio of equi¬ 
valent to the atomic weight is 1:2. On the other 
hand, the atomio weights of chlorine, bromine, 
and iodine are 35‘5,80, and 127 respectively, and 
these are also the equivalents; so that while, in 
the case of carbon, the ratio of the equivalent to 
the atomic weight is 1:4, in the case of nitrogen 
1:3, and in the case of oxygen 1:2; in that of 
chlorine, bromine, and iodine it is 1:1. This 
suggests that there is some fundamental differ¬ 
ence between chlorine, oxygen, nitrogen, and 
carbon, which is not taken into consideration in 
the atomio hypothesis of Dalton. Study of other 
elements besides those mentionedshows that they 
may be divided into classes according to the ratio 
between the equivalent and the atomio weight. 
This ratio varies from 1:1 to 1:6. 

It has already been pointed out that the de¬ 
termination of the equivalents of the elements is 
a difficult problem. The determination of atomio 
weights by chemical means alone is also a diffi¬ 
cult matter. Although by analysing ohemioal 
compounds and studying the obemical changes 
which these compounds undergo, we can draw 
conclusions as to the atomic weights of some of 
the elements, yet as to others we should be left 
in doubt if assistance were not furnished by a 
study of some of the physical properties of the 
compounds. In the article on Atomio xmd ho* 
LScoLAB WEIGHTS (vol. i. p. 336) the application 
of Avogadro's hypothesis, and of the law of Dulong 
and Petit regarding the specific heat of the ele¬ 
ments, to the problem of determining atomio 
weights, has been discussed. It is an important 
fact that the atonno weights determined by the 
physical methods are in most cases those which 
experience has shown to bo best adapted to the 
interpretation of known cbemiool reaotions. Not 
only does A vogadro’s hypothesis mve us a method 
lor determining atomio weights, but primarily it 
leads us to definite values for moleoular weights. 
By determining ^e moleoular weights and ana<> 
lysing the compounds, and thus determining the 
atomio weights, we are led to definite <!OQcep* 
tioDS regarding the oomnosition of the moleculM 
of compounds and of elements. At present we 
endeavour to express Uie oompoaitmn d mo'M' 
oules by onr formula. 
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^ There ftte no7 three conceptions to be die* 
tinguished carefully from one another. These 
are the moUcvU, the atom, and the equivalent. 
By the molecole is meant the smallest gaseous 
particle of a substance, whether elementary or 
compound, which exhibits the characteristic pro* 
perties of the substance; by the atom is meant 
the smallest particle of an element which enters 
into the composition of molecules. The basis 
upon which the conceptions of molecule and 
atom rest is considered more fully in article 
on Atomic and moleouuar weights. 

With these conceptions clearly in mind we 
may now ask, what is the equivalent of an ele* 
ment ? It is that mass of the element which 
combines with'ono atdra of hydrogen. In the 
case of oxygen it corresponds to half the atom, 
in that of nitrogen to ono-third the atom, and in 
that of carbon to one-fourth the atom. With 
those elements which do not combine with hy¬ 
drogen some other element like hydrogen in re¬ 
spect to the ratio between the equivalent and 
Rtoiuio weight is taken as the measure of the 
equivalent. The results reached in this way 
have already been referred to. 

While those investigations were in progress 
which finally led to the clear recognition of the 
difleronoebetween atoms andmolecules, chemists 
came to recognise resemblances between different 
classes of compounds, and it was finally sug¬ 
gested that all compounds arc related to a few 
simple ones, which may bo regarded as types. 
For example, hydrochloric acid, HCl, hydro- 
bromic acid, HBr, and hydriodio acid, HI, are 
similar compounds and they have a similar com¬ 
position. Of such compounds, hydrochloric acid, 
HCl, may be jtaken as the tjqie. Water Hp, 
hydrogen sulphide H^S, and other compounds 
belong to the water typo. Ammonia NHg, phos- 
pliinc PH., arsino AsH„ belong to the ammonia 
type. Marsh gas 0H4, silicon hydride SiH^, 
belong ^ the marsh-gas type. This classifica¬ 
tion of compounds according to the type was 
extended so as to include most compounds, even 
those which are complex. Serious difficulties 
were met with in many cases. In some, the 
difficulty was due mainly to the fact that one 
and the same compound could belong at tho 
same time to two or more types. This led to 
the introduction of mixed typos. In other cases 
the difficulty was duo to tho fact that the re¬ 
actions of the substance gave little or no duo 
to its type. In such oases the imagination was 
freely brought into play with highly unsatis¬ 
factory results. Notwithstanding the difficulties 
which wore encountered in the attempt to classify 
compounds according to types, the attempt led 
to valuable results. It le(^ to a clearer recog¬ 
nition of differences between mol^ules, differ¬ 
ences which are as real as tho molecules them- 
Kolves. The recognition of these differences does 
not, however, carry with it any explanation. For 
to say that each of those compounds belongs 
to a certain type is not evon to attempt an ex¬ 
planation. It is simply the statement of what 
appears to be a fact. We might determine with 
certainty to which type or types every known 
ohemioal compound belongs, and yet be no 
nearer an understanding of the differences 
between the compounds than before the deter¬ 
mination. This was first clearly seen by Eekul4, 
You IL' 


who showed ^at, in order to understand the 
relations which exist between the various 
chemical compounds, it is necessary to go back 
to the atoms themselves, and inquire what re¬ 
lations they bear to one anotherin the molecules. 
The cause of the difference between hydrochlorio 
*aoid, water, ammonia, and marsh gas, is to be 
looked for in the atofas of chlorine, oxygeUf 
nitrogen, and carbon. Obviously the first con¬ 
clusion that forces itself upon us is that the 
atoms of different elements differ with respect 
to the number of hydrogen atoms with which 
they can combine to form compound molecules. 
While one atom of chlorine combines with only 
one atom of hydrogen, one atom of oxygen com¬ 
bines with two atoms of hydrogen, one atom of 
nitrogen combines with three atoms of hydrogen, 
and one atom of carbon combines with four 
atoms of hydrogen. Having recognised this dif¬ 
ference, the question suggests itself whether an 
atom of chUrine can hold more than one atom of 
hydrogen in combination; further, whether an 
atom of oxygen can combine with a larger or 
smaller number of hydrogen atoms than two; 
and similar questions arise with reference to 
nitrogen and carbon. How far, in other words, 
arc the differences which we have observed fixed 
and invariable? These questions can be an¬ 
swered only by carefully studying the compounds 
of tho elements named. There is only one com¬ 
pound of hydrogen and chlorine. It therefore 
ap[)ears that one atom of chlorine can hold but 
one atom of hydrogen in combination, and simi¬ 
larly one atom of hydrogen can hold but one 
atom of chlorine in combination. Oxygen and 
hydrogen, however, combine in two different pro¬ 
portions forming tho compounds H;iO and R.O 2 ; 
while in water it appears that one atom of oxygen 
holds two atoms of hydrogen in oombination, in 
hydrogen dioxide it appears that two atoms of 
oxygon hold two atoms of hydrogen.' Nitrogen 
and hydrogen form but one compound with each 
other. Carbon and hydrogen on the other hand 
form a large number of compounds with each 
other. Of these only one contains a single atom 
of carbon in the molecule. That is marsh gas, 
and in tho molecule of this compound there are 
four hydrogen atoms to the atom of carbon. 
There are three compounds of these elements 
in whoso molecules there are two atoms of 
carbon. They are C^Hg, C.Hj, and CjH,. Before 
attempting to explain this let us see what 
general conclusion is justified by the facts above 
recorded. What is true of the relations of 
chlorine and hydrogen is equally true of bromine 
and hydrogen, and of iodine and hydrogen. 
What IS true of oxygen and hydrogen is true of 
sulphur, solonion, end tellurium, and hydrogen. 
What is true of nitrogen and hydrogen is true 
of phosphorus, arsenic, and antimony, and 
hydrogen. And, finally, what is true of carbon 
and hydrogen, so far as their relations in marsh 
gas are concerned, is also true of silicon and 
hydrogen. We are therefore justified in making 
the statement that the atqpis of different 
elements differ from one another with reference 
to the number of atoms of hydrogen they can 

* Bat it U to be observed that os hydrogen peroxide 
has not been gaslSed, the formula H«0, doee not neoewatfij 
represent the atomio composition of the moleonle of UUi 
oompoand.—M. U. F. 2C 
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oombluo with to form compound molecules. As 
r^rds formation of molecules, the atoms of 
the elements can be divided into at least four 
classes:—‘ 

1. Those which combine with hydrogen in 
the simplest proportion of one atom to one atom' 
of hydrogen. • 

3. Those which combine with hydrogen in 
the proportion of one atom to two atoms of hy- 
drogen. 

3. Those which combine with hydrogen in 
the proportion of one atom to three atoms of 
hydrogen; and 

4. Those which combine with hydrogen in 
the proportion of one atom to four atoms of 
hydrogen. 

Our conception of the chemical atom is thus 
enlarged. It is not only a minute particle of 
matter, which in chemical changes is not broken 
up, mid which has a definite muss, slid the power 
of combining with other atoms, but it also has 
some power which determines how many atoms 
of another kind it can combine with. At present 
we cannot form a clear conception as to the 
cause of this power, and no hypothesis has as 
yet been proposed to account for it. We can 
represent the fact by means of symbols, but 
these symbols do not help us to understand the 
cause, though they are convenient. We may 
dso adopt figurative forms of expression sug¬ 
gested by our symbols, but this has not as yet 
advanced oui Imowledgo of the cause of the 
property of the atoms with which we are dealing. 

On examining the composition of tho mole¬ 
cules of the compounds which any element forms 
with other elements than hydrogen, we find that 
just as the number of hydrogen atoms with which 
one atom of the element can combine is limited 
so the number of atoms of other elements with 
which it can combine is limited. Thus phos¬ 
phorus combines with chlorine to form the com¬ 
pounds PCI, and PClv with hydrogen to form the 
compounds PH, And P^H,, end with oxygen to 
form the compounds PjO, end P^Oj, Sulphur 
combines with hydrogen to form the compounds 
SH, and probably SjHa, with chlorine to form 
the compounds 8,01,, SCI, and SCI,, and with 
oxygen to form SO, and 80„ drc., (fee. From 
facts like these we conclude iliat atoms are so 
constructed^ or act in suck ways, that the num¬ 
ber of other atoms with which each can combine is 
Umited, and that as regards the number of other 
dloTM ioith which they can combine, itiey differ 
from one another. 

The property of an atom which determines 
the number of other atoms with which it can 
combine to form a compound molecule is called 
its The relation between the atomic 

Wttgbt of an element, its equivalent, and its 
valent^, will readily be understood by the aid of 
s few examples. The atomic weight of nitro¬ 
gen, as determined by chemical and physical 
methods, is its ^lydrogcn-eqnivalent is 
,4|. as this is the relative weight of nitrogen 
which combines with one part by weight of 
hydrogen. Tho number of atoms of hydro¬ 
gen with which the atom of nitrogen com¬ 
bines if 8 or — So also in the case of 

4| (eqmv.) 

Qtfbon. Tbs atomic weight of carbon ii 13, its 


hydrogen-eq,uivalent is 3; the number of hydfC^ 
gen atoms with which an atom of carbon can ooia* 

bine is &o. In general, the 

3 (equiv.) 

number of hydrogen atoms with which the 
atom of any element can combine is expressed 
by a figure which also expresses the relation 
between the atomic weight and the hydrogen 
equivalent of the element. 

The recognition of the property called valency 
proved of the highest importonco for chemistry. 
Discussions in regard to this property have now 
been carried on for nearly thirty years, and our 
views in regard to the structure of chemical 
compounds are based upon it. It is, therefore, 
desirable to study it with some care, with the 
object of determining exactly what is known in 
regard to it, so that we may be in a position, on 
the one hand, to recognise its value, and, on the 
other hand, to avoid tho dangers to which we 
arc exposed in following the conception blindly. 

Before the introduction of the conception of 
valency, each chemical compound was looked 
upon as a whole. To be sure, the difference be¬ 
tween atoms and molecules, first pointed out by 
Avogadro, gradually came to be recognised, and 
in a general way it was acknowledged that the 
molecule is made up of atoms. But, beyond 
this, inquiry was not pushed to any extent. 
This is shown in an instructive way by a study 
of the investigations of Hofmann, Wurtz, and 
others, on the so-called substituted ammonias. 
When Hofmann began his investigations on ani¬ 
line, the prevailing view in regard to this com¬ 
pound was that it was a conjugated compound 
{gc]>aarte Verhindung) ; that itcontained ammonia 
combined with a hydrocarbon. Using the modem 
atomic weights, the view referred to is expressed 
by the formula CgH^.NH,. The common reac¬ 
tions of aniline were interpreted by supposing 
that the group C„H 4 simply accompauied the 
ammonia. Some time before this Liebig had 
suggested that certain bases like aniline might bo 
regarded as containing the group NHj. Accord¬ 
ing to this * amide theory * of Liebig, aniline is to 
be represented by the formula C 0 HJ.KH, In this 
compoond, then, ammonia as such is not supposed 
to be present, but, nevertheless, there is in it a 
remnant of ammonia which gives to the com¬ 
pound certain of the characteristic properties of 
ammonia. Wurtz discovered the bases methyl- 
amine and othyl-aminc at the time that Hofmann 
was engaged in his studies on aniline, and at about 
the same time each suggested that the substanoos 
he was working with might be regarded as am¬ 
monia in which one of the hydrogen atoms is 
replaced by a radicle^ Before Hofmann closed his 
work on aniline he furnished strong experimental 
evidence against the theory of conjugated com¬ 
pounds as far at least as it applies to aniline. He 
showed that the reactions between ammonium 
oxalate and phosphoric anhydride are not tho 
same as those between aniline oxalate and phos¬ 
phoric anhydride, and that the difference cannot 
be understood if kniline be regarded as a conju¬ 
gated compound, but that it is easily explained if 
aniline be regarded as ammonia in which one 
hydrogen has been replaced by the hydrocarbon 
residue CfH^. The subsequent preparation of 
sul»tituted ammonias in which hffi and three 
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hyfcogen atoms oJ ammonia were toplaoeci by Thus the conception of the saturation of 
radicles, and of compounds derived from am- atoms was introduced into chemistry. It was 
moninm by the replacement of all the hydrogen soon taken up by others, as Williamson and 
atoms, furnished a solid foundation for the view Odling, and finally, at about the same time in 
put forward in the so-called theory of types. As 1868, Kekuld and Coo^r showed how this con- 
has already been stated, according to the theory. ception nsight bo applied to the explanation of 
of types every compound is built according to the constitution of ohpmical compounds in gene- 
some plan, end the number of plana according to ral. KekuW took up the problem in a broad 
which compounds are built is small, the funda- way, and it is largely due to his efforts that the 
mental plana or typos being hydrogen IIH, hy- conception of valency beoamo the controlling 
drochlorio acid HCl, water H,0, and* ammonia oonception in the discussions in regard to the 
HN. Much attention was now given to deter- structure of chemical compounds. Kckuldsaya: 
mining the type to which any given compound ‘I consider it necessary,and, in the present con- 
belonged, and when, after investigation of the dition of ehemioal knowledge, in many cases 
properties and composition of a compound, a possible, in the explanation of the properties of 
definite statement regarding^ the type to which chemical compounds, to go back to the elements 
it belonged could bo made, the problem was themselves which make up the compounds- I 
considered to bo solved. No further questions do not consider the chief task of investigation to 
were asked. It was as if one should look alone bo the detectioii of groups of atoms which on 
at the exterior of buildings, and compare them account of^certain properties are to be regarded 
solely with relerenoo to the exterior, without as radicles, and thus to refer the compounds 
making any inquiry with regard to the interior to a few types which are scarcely more than 
arrangements, the connexions between the sample formulie, I believe rather that investi- 
rooms Ac. gation may include the radicles themselves, and 

Shortly after Hofmann’s papers appeared, an point out the relations between the radicles, end 
important paper by E. Frankland was published that, from the nature of the elements, the nature 
(1852). The author had been investigating a new of the radicles and of the compounds can be de¬ 
class of compounds containing metals. At the duced.’ 

close of the paper, the chemical structure of the In the valencies of the atoms we now find the 
compounds is discussed. Attention is called to expianation of types. The reason why most com, 
the fact that when a metal has combined with a pounds are to be compared with hydrochloric 
hydrocarbon, as in the case of tin ethyl, SnO.lI, acid, water, ammonia, and marsh gas, is that 
(using old formulie), the power of the metal to the atoms of most elements are like chlorine 
combine with othorelements, ns oxygen, is not so oxygen, nitrogen, or carbon in respect to 
great ns that of the uncombined metal. While number of atoms of other elements with whict 
tin alone combines with oxygen in two proiior- they can combine. The simplest ^d of atoii 
tions, forming tho compounds HiiO and SnOn, is one like that of chlorine or hydrogen; nex) 
tin-ethyl SnC,H,combines with oxygen in only come those which are like those of oxygen 
one proportion, forming the compound SnC 4 H 50 , The chlorine atom can hold in combination bui 
and Uiis compound cannot take up any more one atom of hydrogen: the oxygen atom hai 
oxygen even when boiled with dilute nitric acid, twice this power, it can hold two atoms of hydro 
SimjlfW observations were made with reference to gen in combination; the nitrogen atom can holt 
the corresponding derivatives of antimony aud three atoms of hydrogen in combination; an( 
arsenic. In commenting further upon these re- finally the carbon atom can combmatioi 

markable facts, tho author shows that they are four atoms of hydrogen. Chlonne, oxygen 
directly opposed to the theory of conjugated com- nitrogen, and carbon represent theso four dil 
pounds, according to which the compounds ferent kinds of elements. , . , . , 

under consideration are regarded os containing Chlorine i*? called a monwalmt element, be 
• ’ • -X .1 -.ixi. 1 —cause its atom combines with but one atom o 

hydrogen to form a compound molecule; oxygei 
is called & divalent element, nitrogen a trivaleni 
and carbon a tetravalcnt, element. Further, th' 
elements are called respectively numids, dyadi 
triads^ fcfmds, pen fads, dro. 

From what has been said it will be clear tha 
valency is something quite different from afiBnitj 
By affinity is commonly meant tho unknowi 
cause of the combination of atoms. Hydroge: 
and chlorine combine very readily; they hav< 
as we say, a strong affinity for each other; yc 
they are monovalent with reference to each otho] 
Carbon and chlorine do not combine readily 
they have not a strong affinity for each other 
y«t carbon is tetrav^ent towards chlorine, ii 
atom is capable of holding four atoms of carbo 
in combination. The two properties valeno 
and affinity are possessed by every atom, and ea 
hibit themselves whenever atoms act upon on 
another, the latter detonnining the intensity < 
satisfied by the same number or inese atoms j the rMotion, the former the oomplerity of tl 
{Philosophical TransaoHonSt 1853, p. 440). I resulting molecule. 


the unohangca metals conjugaiea wiin jiyaro- 
carbons. He then'says: ‘ When tho formuias of 
inorganic chemical compounds are considered, 
even a superficial observer is struck with the 
general symmetry of their construction; the 
compounds of nitrogen, phosphorus, antimony, 
and arsenic especially exhibit the tendency of 
these elements to form compounds containing 
8 or 6 equivalents of other elements, and it is 
in these proportions thab their affinities are 
best satisfied: thns in the temal f^oup we have 
NO,, NH„ NI,. NS„ PO„ PHj, PCl„SbO., SbH,, 
SbOL, AbO„ AsH,, AsOl,, Ac., and in the five- 
atom group NO,, NH.O, NHJ, PO,, FHJ, Ac. 
Without offering any hypothesis regarding the 
cause of this symmetrical grouping of atoms, it is 
sufficiently evident, from the ^araples just given, 
that sneh a tendency or law prevails, and that, no 
matter what the character of the uniting atoms 
may be, the combining power of the attracting 
element, if I may be allowed the tenn, is always 
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In this (discussion thus far the valency of an 
element has been measured by considering the 
number of atoms of hydrogen with whi(^ its 
atom can combine to form a compound molecule. 
It is, however.,a fair question whether the valency 
of an element towards other elements is neces¬ 
sarily the same as towards hydrogen. Is it fair 
to conclude that, because an element is trivalent 
towards hydrogen, it is also tiivnlont towards 
chlorine and other elements ? As we have yet no 
conception in regard to the cause of the property 
which we call valency, we have not a right to make 
assumptions of this kind. The only way to answer 
ihe question is to study the facts. For this pur* 

' pose let us take the case of carbon. This clement 
is tetravalent towards hydrogen. Towards chlor¬ 
ine it is also tetravalent, as is shown by the mole¬ 
cule 0014 . Towards oxygen it appears to be 
tetravalent in carbon dioxide, CO., in which we 
have the atom of carbon in combination with 
two divalent atoms of oxygen. But in carbon 
monoxide, CO, eitlier carbon acts as a divalent 
element or oxygen acts as a tetravalent element. 
Towards sulphur carbon is tetravalent, as shown 
in carbon disulphide, GSj, in which one atom of 
carbon holds in combination two divalent atoms 
of sulphur. Phosphorus is trivalent towards hy¬ 
drogen, it cannot form a compound with hydro¬ 
gen containing a larger number of atoms of hy¬ 
drogen than three. It is, however, pcntavalent 
towards chlorine, as shown in the compound 
phosphorus pentachlorido, PCI,, ;-nd it is also 
trivalent towards this element, as shown in the 
trichloride PCI,. Pho^-phorus also combines with 
oxygen in two proportions, forming tlie trioxide, 
P, 0 |, and the pentoxide, 1 ^O.,, and the composi¬ 
tions of these can bo best explained by assuming 
that, in the former, the phosphorus is trivalent, 
and, in the latter, pentavaicnt. Sulphur is di¬ 
valent towards hydrogen, forming the compound 
With chlorine it forms the <;ompouiKls S^CJ^, 
SCL, and SCI 4 . With oxygen k forms the com¬ 
pounds SOjand SOg, in which the sulphur appears 
to be tetravalent knd hcxavalent. Iodine is mono¬ 
valent towards hydrogen, but towards chlorine 
it acts both as a monovalent and as a trivalent 
element, as shoNMi in the compounds ICl and 
ICl,. Nitrogen, which is only trivalent towards 
hydrogen, appears to be pentavalent in the com¬ 
pound NH,Cl and other similar ammonium com¬ 
pounds. With oxygen it combines in a number 
of proportions, as is well known.' 

The simplest interpretation of the facts just 
Stated is that the valency of an element towards 
hydrogen is not necessarily its valency towards 
other elements, and that the valency of one ele¬ 
ment towards another may be one thing in one 
compound and different in another compound. 
Although this is the simplest interpretation, it 
does not follow that it is the correct one. It is 
possible that the valency of an element is always 
the same, but that, owing to the surrounding 
eonditions and theohai^ter of the element with 
* It Is Importaiit to note that many of the compeoeds 
cited above have oot been guided, aud that therefore the 
formtUw given are not all moiecnlar; It Is known that 
some (ft thecomnonnds,e 4 r. FOl, and KH.OI, are diuiociated 
by h«t. It is aonbtful whether arguments regarding the 
valradM ot atoms tshoold be based on the oompositlons of 
any oomponnds except (hoM which have been guided; 
MU is only to gases thst tba oonoeptlon of the theory of 
atoms and molecules can, at present) be strictly applied.-. 
X.1I.P.M. 


which it combines, the full valency if not alwan 
exhibit^. Until we huo a clear conception In 
regard to the cause of viienoy, or until we have 
a satisfactory hypothesis of valency, discussions 
on the question whether valency is constant or 
variable must be more or less idle. It valency' 
be something inherent in the atom, like the 
mass of the atom, then it is impossible to con¬ 
ceive of it as being variable. If, however, it be 
a condition of the atom; if, for example, it is 
dependent on the motion of the atom, then, as 
the motion may differ under different circum¬ 
stances, the valency also may differ. 

It is not uncommon to think ot atoms as 
joined together in some ^uoh way as small ob¬ 
jects adhere to one another under the influence 
of electric or magiictio attraction. It is supposed 
that the monovalent atom has but one place 
where another atom can bo attached, or that it 
has but one pole, or that there is but one direc¬ 
tion in which another atom can enter into com¬ 
bination with it. These phrases do not help us 
much, and they do not ditTer materially from 
one another. If such a view is hold, it carries 
with it, of course, a similar view in regard to 
divalent, trivalent, and, in general, polyvalent, 
atoms. Each atom has a number of places where 
other atoms can be attached, the number corre¬ 
sponding to the valency of the atom. The 
graphic symbols so commonly used to represent 
the structure of chemical compounds in terms of 
the conception of valency arc well calculated to 
give the idea that the view just stated is gene¬ 
rally accepted. Of course, if it is accepted, 
valency is considered as a constant property. In 
this case it will be necessary to furnish explana¬ 
tions of those compounds which seem to prove 
that valency is variable. Some of the explana¬ 
tions which have been offered will now be con¬ 
sidered. 

Among tlie compounds which appear to show 
that valency is variable is the wcll-knoun series 
of oxygen compounds of chlorine and of nitrogen. 
While chlorine forms only one compound with 
hydrogen, and is unquestionably monovalent to¬ 
wards hydrogen, it appears to have a greater 
valency towards oxygen. This is explained by 
some by assuming that in those compounds of 
chlorine and oxygen in which there is more than 
one atom of oxygen in the molecule the oxygen 
atoms are combined with each other as repre¬ 
sented in the forraulea Cl—0—0—Cl and 
Cl—0—0—0-Cl, in which the chlorine is re¬ 
presented as monovalent and the oxygen as diva¬ 
lent. To explain the existence of the series of 
oxides of nitrogen, on the assumption that the 
valency of oxygen is always two and that of 
nitrogen three, a'similar method is used; if 
necessary, combination is assumed between ni¬ 
trogen atoms, between oxygen atoms, and between 
nitrogen and oxygen atoms. But even with 
these possibilities all these compounds cannot 
be explained without the aid of a new concep¬ 
tion. It is assumed that a polyvalent element 
may be in combination with itself in more than 
one way. Just al hydrogen in the hydrogen mole¬ 
cule must be assumed to be in combination with 
itself in the same way that it is in combination 
with chlorine in the moleonle of bydrocblorio 
acid, so oxygen must be in combination with 
itself in the molecule of oxygen. But oxygen 
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t8 di?a1eat; on the present h^othesis, its 
atom has two plaoes^here combination with 
other atoms can be effected. To express the con* 
ccption that both these places are occupied in the 
molecule of oxygen, this molecule is represented 
graphically thus 0a»0, while the molecule of' 
hydrogen is represented thus H—H. The latter 
condition is spoken of as single union, the former 
as double union. So, too, triple union is sup* 
posed to exist in the molecule of nitrogen as 
represented thus N=N. Now, in explaining the 
oxides of nitrogen it is assumed that in some 
cases the nitrogen atoms are in combination by 
single union, and in others by double union. 
Thus nitrous oxide is represented in this 
Nv * N-0. 

way I! >0; the trioxide thus || ^0. The 

N/ N-O/ 

compounds NO and NO.^ plainly cannot be ex¬ 
plained in this way. For those a new assump¬ 
tion, which will be considered later, must be 
made. The tetroxide N^^O^ may be represented 
N-0-0 
in this way i| |. 

N-0--0 

The question will now suggest itself, have wo 
any evidence that the structural formulte above 
given are correct? Is there any experimental 
evidence in favour of them ? The answer is that 
we have no evidence whatever in favour of them, 
and the only reason for accepting them is that 
they are in accordance with the indefinite and 
crude view in regard to the nature of valency 
above referred to. The argument is this: 
valency must be a constant property of ele¬ 
mentary atonis; but nitrogen is trivalent and 
oxygon is divalent; therefore tlie compounds of 
these elements must be constituted in the way re¬ 
presented. It must, however, be distinctly borne 
in mind that for some of the compounds there 
are otl^er formulie, besides those given above, 
which answer the requirements, and which are 
just as probable. For example, nitrogen trioxide 
/N~0 

may be represented thus 0<^ ( | ; and tlio te- 

^N—0 

N-Ov 0-N 0 

troxide thus (k ! ✓Oi or thus ! | ). 

\N—CK 0—N-0 

In explaining the existencoof the two scries of 
compounds of mercury, copper, iron, aluminium, 
&c., the same metliod is commonly adopted. 
Mercury and copper are regarded as divalent in 
both series of compounds, and the structure of 
the compounds is represented thus: mercuric 

compounds Hg=0; cuprio compounds 

Cu*sc} Cu=Oi mercurous • compounds 

Hg-Cl Hg. Cu-CI 

. I >0; cuprous compounds | 
Hg-Cl Hg/ Cu-Cl 

CUy 

and^u> 

There are many oases which cannot be ex* 
plained by any of the assumptions thus far 
referred to. As good an example as any is that 
of the two chlorides of phosphorus, POla and 
PCI,. Here, plainly, Bosphorus is in oombms* 
lion with chlorine m more than ohe proportion, 


and this cannot be explained by assuming that 
in one of these compounds two atoms of phos¬ 
phorus are in combination with each other, for 
the molecular weights of the cUorides are pro¬ 
perly represented by the above formul®. It has 
been suggested by Kekul6 that the pentachloride 
is not a true chcmicat compound, but that it is 
made up of a molecule of phosphorus trichloride 
and a molecule of chlorine held in combination 
by some force different in character from that 
which holds the atoms together in a molecule. 
This conception may be represented thus 
PClg.Clj. The fact that when the compound 
is heated it readily breaks down, forming the 
trichloride and free chlorine, was regarded by 
Kekul6 as evidence in favour of the view which 
he put forward. He called compounds of this 
kind ‘ molecular compounds,’ to distinguish 
them from true chemical compounds or atomic 
compounds. He considered them to be similar 
to salts with water of crystallisation, from which 
the water is given off by heat. 

One serious objection to this view is that 
many of the cases which it was invented to 
explain cannot be explained by it. While it is 
true that phosphorus pentachloride does break 
down under the influence of heat, the analogous 
pentafluoride is stable, and there is no reason 
for assuming that it differs from other chemical 
compounds. Then, too, it has been shown that 
the pentachloride itself can be converted into 
vapour in the presence of the vapour of the tri¬ 
chloride. At present this hypothesis of molecu¬ 
lar compounds does not play an important part 
in dealing with the subject of valency.* 

A more satisfactory suggestion which has 
been made with reference to the variations in 
valency is that while an atom may have a con¬ 
stant maximum valency, its entire valency may 
not be exhibited in certain compounds. Those 
compounds of an element in which its full 
valency is brought into play are called saturated 
compownds, and those in wliiqji the full effect of 
the valency is not shown are called umaturaUd 
coin'pounds. Thus, according to this view, phos¬ 
phorus is pentavalent, and in the pentachloride, 
which is a saturated compound, its full valency 
is brought into play, wliile in the trichloride 
only a part of its valency is brought into play, 
the compound being unsaturated. The dif* 
forence between carbon monoxide CO and the 
dioxide CO.^ is accounted for in the same 
way. The expressions ‘ its full valency is brought 
into play ’ and * only a part of its valency is 
brought into play ’ cannot at present be further 
explained, but this is not a sufficient reason for 
refusing to use them. The facts show clearly 
that the manifestation of that power which we 
call valency is subject to variations. We must 
use some expressions to state these facts. Tha 
chief objection to the expressions is that they 
suggest the idea of parts of an atom acting 
differently, or of som 0 *parts of an atom being 
brought into action while other parts are not 
acting, an idea which is not only improbable, 
but absurd. But this idea is not necessarily in¬ 
volved in the conception of saturated and un* 
saturated atoms. Thus carbon has the power 

» This ii Mpeoislly true If we tgree to rertriot our ooa* 

S tlona of ^sooy to the coiuideratlott at geaeoaa stole* 

be.—M. U. P. iiu 
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to oombine with oiygen in the proportions indi* 
cated by the formnle CO and COj. It is oeitain 
that tile carbon atom in the monoxide has the 
power to take np more oxygen, and that when 
more oxygen is presented to it under the right 
conditions the additional oxygon is taken up. 
Because the monoxide oati take up as much 
oxygen as it already contains, it does not hdlow 
that the carbon atom in the monoxide is only 
half employed, any more than it follows that, 
because a magnet which can support two pounds 
is supporting only one pound, it is therefore 
onlv naif employed. The whole magnet acta in 
both oases: in the one case it is saturated, in 
the other it is unsatorated. There is, however, 
this marked difference between tlio case of the 
magnet and that of the atom. In the former 
any weight, from the lightest to that necessary 
for saturation, can be held in combination, 
whereas in the latter the variatioiis Ure deter¬ 
mined by the weights of the atoms which are 
held in combination. Altiiough then it is most 
probable that in every chemical compound, 
whether saturated or unsaturated, every atom is 
bi^ught into action in every part, it appears 
probable tliat the atoms can adjust themselves 
in different ways with reference to one another. 

Some investigations have been undertaken 
with the object of throwing light upon the 
question whether different parts of an atom can 
act diHerently. To illustrate the methods the 
case of carbon may be token. The carbon atom 
is tetravalent. It combines with four atoms of 
hydrogen, chlorine, dc., to fonn compound mole¬ 
cules. Are all the four atoms which it holds 
in combination held with the same force ? The 
facts appear to give an ailirmative answer. If 
the atoum were held in different ways, then 
it should he possible to make more than one 
compound of the formula or any other 

mono-substitution product of marsh gas. But, 
as a matter of fact, only one variety of these 
mono-sabstitntion •products has ever been pre¬ 
pared. Then, further, the theory in regard 
to the structure of the hydiocurlons of the 
paraffin series is based upon the assumption 
that each of the four hydrogen atoms in marsh 
gas is held in exactly the same way by the 
carbon atom; and this assumption is so perfectly 
in accordance with a large number of facts that 
it is worthy of the most serious consideration as 
an argument. There is one experiment which 
appears to show that in the case of sulphur the 
four affinities, as the hypothetical individual 
points of attraction, or the parts into wliich the 
total valency may be divided, are called, are not 
exactly the same. Erdger asserts that the pro¬ 
duct of the combination of and CH,I 

is different from the product formed by com¬ 
bining S(CH,)(C 2 HJ with ; yet both com- 
pou^ are reprosented by the formula SEt^Mel. 
if it is assumed that in these compounds 
the sulphur iji tetravalefit, then it appears to 
follow that ^e «foux affinities of the sulpliur 
atmu are not identical in value; because if 
it were immaterial in what way the groups 
£i and Me, and the atom. I, were arranged 
relatively to the S atom with which all are in 
direct union, then only one compound SBt^Mel 
«oald exist.^ A similar conclusion seems 
* Jfteueut reaeftroh hai iarolidated Kri^er's re^alts. 


to be justified in the case of nitiogen, u ihowa 
by Lossen’s investigations on derivatives of 
hydioxylamine. Lossen showed that when two 
different radicles are introduced into hydroxyl- 
amine in place of hydrogen, a large number of 
isomeric substances are obtained instead of one, 
as we should expect. The case of nitrogon has 
been investigated by V. Meyer and by Laden- 
burg, but the results obtained by these two in- 
vcstigiitors^differ. Taking all the evidence into 
consideration it appears that by far the larger 
number of facta of cliemistry clearly indicate 
that the aflhiittes of an atom are of the same 
kind, while in the case of sulphur and of nitro¬ 
gen the facts referred to rd^uire further investi¬ 
gation. 

It is sometimes held that, because a certain 
number of atoms are readily given o2 from a 
molecule of a compound, there are weaker and 
stronger alUnUies. Thus, when phosphorus 
pentachloride is heated it gives up two atoms of 
chlorine. From tliis the concluBton is some¬ 
times drawn that in phosphorus pentachloride 
three of the atoms of chlorine are held in com¬ 
bination more tlnuly than the other two. Buch 
a conclusion is, however, evidently unjustified. 
All that we can say is, that at the higher tem¬ 
perature the more complex compound can¬ 
not exist, while the trichiorido can. It is pro¬ 
bable that in the trichloride the whole of the 
pliosphonis atom is employed in holding the 
three chlorine atoms in combination, and that 
this is also true of the piiosphorus atom and the 
five chlojiiiK! iitoi'v; in the pentachloride. If 
tills is true, then it follows that tlie pentachloride 
must bo a less stable compound than the tri- 
chloude. 

Whatever method of explaining the varia¬ 
tions in the composition of the compounds of 
any elements we may adopt, it is plain that 
these variations are observed. V*’liether we 
agree to say that carbon is divalent in 6arbon- 
monoxide and tetravalent in carbon dioxide, 
or to call carbon dioxide a saturated compound 
and the monoxide an unsaturated compound, 
the facts remain the same; and the most im¬ 
portant thing to bo done is to discover the laws 
whicli express the varlationsiucomposition. This 
subject has received considerable attention, but a 
law which slmll express all cases has not been de ■ 
duced. Nevertheless a fact of greet importance 
has been learned. It is this, that the apparent 
valency of an clement in nearly all cases changes 
from even to even or from odd to odd, and but 
rarely from odd to even or vice ve7’sd. Thus tho 
valency of phospiiorus changes from three to 
five, and all compounds of phosphorus can be 
explained by^assuming that the element is cither 
trivalent or pentavaleut, and there are no facts 
known which indicate tiiat it is ever divalent 
or tetravalent. Sulphur, on the other hand) 
is apparently divalent in hydrogen sulphide, 
BUj. tetravalent in sulphur dioxide, SO,, and 
in the tetrachloride, SCI,, and hexavalent in 
sulphur trioxide, SO,; and there is no compound 
of suliffiur roquiring the assumption that the 
element is ever monovalent, trivalent, or penta- 
valent. Elements whose valencies are expressed 
by an even number have been called artist, and 
those whose valencies are expressed by an uneven 
number have been calledAlthough the 



difisioa of the elements into artiads andpmssa^s 
is justified by many facts, there arc a few which 
show clearly that the law is subject to exceptions. 
The most prominent of these are the oxides of 
nitrogen, nitrio oxide, NO, and the peroxide, NO;,, 
plainly in neither of these is nitrogen trivalent 
or pentavaleni. In the former it appears to 
be divalent, and in the latter tetravalent, the 
compounds corresponding in composition to 
the two oxides of carbon. It is true there is 
nothing to prevent our regarding the nitrogen as 
monovalent in nitrio oxide, and perhaps repro* 
senting its straoture thus :=N—0—; but we 
shall hardly make much progress if we are will¬ 
ing to make use of such methods to deceive our¬ 
selves by supposing that we are thus helped out 
of difficulties; and it should*be said, for the 
credit of chemists, that this suggestion has not 
been made, so far as is known to the writer.' 

The law of variation in the composition of 
compounds, or in the valency of the elements, is 
highly suggestive of the law which expresses the 
variations in what may be called the valency of 
certain hydrocarbons. The hydrocarbon, CyH,„ 
is a saturated compound, and is not capable 
of combining directly with atoms or molecules. 
In this sense it has no valency, and is to be 
compared to the elements in the state of mole¬ 
cules. As is well known, the simplest change 
which can take place in hexane, to convert it 
into a compound with active valencies, is the 
abstraction of two atoms of hydrogen. In this 
way the hydrocarbon, or hexylene, is 

formed. This compound is divalent. An inter- 
mediate monovalent compound cannot be ob¬ 
tained. The next change of the same kind gives 
a compound, G„H,o, which is tetravalent; and 
thus successively are formed the hexavalent 
compound, CgH,, and the octovalent compound, 
C,Hj. The valencies of these compounds are 
then 2, 4, 6, and 8, the variations following the 
same law as is observed in the case of the ele¬ 
ments. The variations in the case of the hydro¬ 
carbons are commonly explained by assuming 
difierent kinds of union between tho carbon 


atoms. 


The hexavalent group 


V c/ 


be¬ 


comes tetravalent by the establishment of 
double union i)etween the carbon atoms, giving 

1 i 

a group G—C, and it becomes divalent by the 

establishment of triple union between the carbon 
atoms as indicated thus, —0=0—. Other pos¬ 
sibilities present themselves when we have a 
compound containing more than two atoms of 
carbon in the molecule. As has already been 
shown this same method of explanat^n has been 
used in the cases of the compounds of mercurv, 
copper, and iron, but it is plainly not directly 
applicable to the phosphorus compounds, or the 
sulphur compounas above referred to. It has been 
suggested by Professor Sylvester («. Am. 1, 64) 
that the variation in tiie vmeno^ of elements may 


* There are eereraJ exceptions to tho 80..oaUed law ol 
and puiuads ; InOI. and InOL, and probably also 
InOl, asist as gases} WC^ snd WCU; CrOU probahty 
exists as a vaponr, bwdes OrOl* ; HgOl Is probaUy the 
inoleovlar formola of oalomel, while the oompositlon 
of the molecule of oorroelve sablimate is represented by 
the lemnla HgOl^-K. U. P. M. 


be accounted for by supposing eaoK n-valent 
atom to be made up of n-trivaient atomxcules 
united in such a way as to leave one valency 
of each atomicule free. The explanation is 
fanciful, bat may perhaps prove of some service. 
« In studying the valencies of the elements in 
connexion with their position in the periodio 
system, certain regularities appear which are of 
great interest. As regards the hydrogen valency 
it is a noteworthy fact that the elements of the 
first three groups in Mendelejeff’s table do not 
unite with hydrogen. Beginning with carbon 
in the fourth group the hydrogen valency de¬ 
creases regularly, as is shown in the following 
table;— 

Oroap 1 2 3 4 8 S 7 

Element li Be B 0 N 0 P 

Hydrogen compound — — — ciI* NH, OH, PH 

Taking next the chlorine valency we find, 
beginning \^^th Group 1, a regular increase to 
Group 4, and then a regular decrease, as is 
shown in this table:— 


Group 1 2 S 4 S e 7 

Element Na Ug A1 Bi P S 01 

Ulilorine com¬ 
pound NaCl MgCl, AlCl, SlCl* POl, SOI, 01, 

Towards oxygen the valency increases regu¬ 
larly from Group 1 to Group 7, as shown thus:— 
Group 1 2 3 4 8 6 7 

Eletnont Na Mg A1 SI P 8 1 

Oxygen com¬ 
pound Na,0 Mg.O, A1.0. P,0, S.O, 1,0, 


This series of oxygen compounds is of special 
interest. One cannot study it impartially with¬ 
out reaching the conolusion that we have here 
to deal with a regular increase in the valency 
from 1 to 7. Any other conclusion involves an 
explanation for the compounds ROg, SO,, and 
1;;0, entirely dillerent from that which we make 
use of for the other oxygen compounds in the 
series. Further, when we consider the hy¬ 
droxyl derivatives of these elements, we shall see 
that it is impossible to deal with them satisfac¬ 
torily on any other assumption than that phos¬ 
phorus is tetravalent, sulphur hexavalent, and 
iodine heptavalent towards oxygen. This is 
perhaps most strikingly shown in the case of 
periodic acid. This compound is commonly 
represented by the formula HIO^, and the struc¬ 
ture H-O-O-O-O-I is given to it. It can easily 
be shown, however, that on this assumption 
most of the salts of periodic acid cannot be 
explained. Whereas, if the periodates be con¬ 
sidered as derived from several all of 

which are in turn derived from the normal 
periodio acid I(OH), by processes of dehydra¬ 
tion, they can all be explained without serious 
difficulty. The acid HIO*. according to this, 
is derived from normal periodio acid thus: 
I(OH),» 0,I(0H) 4- SH^O; and in it the iodine 
is regarded as heptavtdent, holding three atoms 
of oxygen and one hydroxyl. In a similar way 
sulphuric acid is regained as derived from the 
noMnal Mid or maximum hydroxyl compound 
S(OH), by loss of water : • 

8(0H)g-0,S(0H),+2H,0. 

Aoooifiing to this, in sulphuric acid the snlphorli 
hexavalent, holding two atoms of oxygen and two 
hydroxyls. Sever^ facts which have come to 
light in the study of derivatives of Bolphnrio add 
spefdc in favour of this view, or at least against 
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the view sometimes held that the acid is oonsti' 
toted thus, HO-O-S-O-OH, In short, whether 
we stodj the elements with reference to their 
positions in the peiiodio system or with refer¬ 
ence to the chemical transformations of their 
compoonds, we are led to the conelasiou that' 
the more probable view iruregard to their valency 
towards oxygen is that it increases regularly 
from 1 to 7 from Group I. to Group VII.; and that 
the valency of the elements towards hydrogen is 
quite different from their valency towards oxygen, 
except in Group N. Taking the last four groups 
it is seen that as the valency towards hydrogen 
decreases the valency towards oxygen increases: 

Group 4*8 6 7 

Hydrogen compound SIH* PH, SH, IH 

Oxygen compound Sl,0* r,0, S,0, ip. 

It appears from further stud^ that the 
valency of an element towards hydrogen is 
constant, while towards chlorine ana oxygen it 
is evident from what has already been said that 
the valency varies. Except in the fourth group 
the maximum valency is never exhibited towards 
hydrogen. Chlorine occupies an intermediate 
place. In the fourth and fifth groups the 
valenoy towards chlorine is the same as towards 
oxygen. In the sixth group the valenoy towards 
hydrogen is two, towards oxygen six, and towards 
cUorine, as shown by the highest ohlorine com¬ 
pound of sulphur, it is four. In the seventh 
group the valency towards hydrogen is one, and 
towards oxygen seven, while the highest valency 
shown towards chlorine by a member of this 
group is three, as in the compound ICl,. To¬ 
wards fluorine, however, the valency of iodine is 
five, as shown by the compound 

The facts Just referred to show beyond ques¬ 
tion that the valency of an element is not a con¬ 
stant proi)erty, residing as it were in the element, 
but that it is determined to some extent by ex¬ 
ternal oiroomstances, and particularly by the 
character of tho element with which an element 
is brought in contact. We find analogy for this 
in the conduct of some acids towards bases. 
Thus, ordinary phosphoric acid is commonly 
spoken of as a tribasic acid, but its basicity is to 
some extent dependent ui’on the character of 
the base with which it reacts. Strictly speaking 
it is only dibasic towards sodium hydroxide, 
while towards most other bases it is tribasic. 
The intensity of the action of the acid towards 
sodium hydroxide is greater than towards most 
other bases, and after the acid has taken up two 
atoms of sodium its power is nearly exhausted. 
It can, to be sure, take up a third atom of 
sodium, but the compound thus formed is very 
nnstable. But it can take up and hold firmly 
in comWnation three atoms of silver. Consider¬ 
ing the differences in tho valency of any element 
toward other elements, it appears in general 
that the valenoy is small towards an Moment 
with which it combines with much energy, while 
H is larger towards an Element with which, it 
combines with little energy. This is well illus- 
■ Ifbythcralracyot an clement U meant the maximum 
■umber ot atoms with which one atom of the given ele¬ 
ment can be directly auoclated in a gaseous molecule, tlicn 
ooncloslciu ateut the valency of this or that element must 
be dra'wn, at present, only from a etudy of gaseous mole- 
fulee. In thb case, some of the remarks about thu valencies 
ft these paragraphs wonid be rather irrelevant. 


trated by tho compounds of ohlorine with hydro¬ 
gen and with oxygen. 

The phenomena studied under the head of 
valency show clearly that, when atoms oombjne 
to form a molecule, they are not merged into 
one homogeneous mass, but are arranged with a 
certain definiteness; and the study of the facts 
of isomerism confirms this view in a striking way. 
We speak of the atoms as being linked together, 
and this linking is found to take place according 
to the la^^s of valenoy. By the constitution or 
structure of a compound is meant the way in 
which the atoms are linked together. The con¬ 
stitution is expressed by means of a formula 
which is intended to show-^on the basis of certain 
assumptions, and by the help of several conven¬ 
tions -how the atoms are linked together. Thus 

the forumliB II-O-H, &c., are consti¬ 

tutional fonnulte. These are determined by 
methods which will bo considered in the article 
Foumul’I'.. It need only be remarked here that 
they are determined chiefly by studying the re¬ 
actions of compounds, and the methods by which 
they are built up from simpler substances. The 
reactions being known, they are interpreted in 
terms of the atomic theory and the hypothesis 
of the linkage of atoms. 

To sura up in a few words tho chief conclu- 
sions which we are Justified in drawing in regard 
to valency:— 

The so-called theory of types was tho fore¬ 
runner of the valency hypothesis. 

Frankland fiist recognised the fact that the 
power of atoms to unite with other atoms is 
limited to a definite number of other atoms. 

Kekul6 and Couper elaborated tho valency 
hypothesis, and showed how it may be used to 
explain chemical compounds. 

The facts show plainly that valency is not 
a constant property of tho elements, but that 
it varies: (1) according to the nature' of tho 
uniting elements; (2) according to surrounding 
circumstances, such as the temperature. 

Valency is not to be thought of as determined 
by a certain number of points of attraction in 
the atom, but rather as a condition—perhaps a 
form of motion. Valency is a function of the 
atomic weights of the elements. I. B. 

BEBIUM Er. At. w. IGfi. Mol. w. un- 
known as element has not been gasified. Chief 
lines in emission-spectra: 6820,5260,49oX (Cleve, 
C, R. 91, 381). 

In 1788 Gadolin, professor at Abo, found a 
new earth in a mineral from Yttcrby in Sweden; 
the discovery was confirmed by Kckeberg in 1797, 
and the new earth was called Yitria. The exami¬ 
nation of yitria iTOT&Oadoliniie (the mineral was 
thus named'after Gadolin) by Berzelius (1819), 
Mosander (1839 and 1843), and Scheerer (1842), 
led to the recognition of seven earths in what 
had been regarded by Gadolin as a homi^eneous 
substance, viz. beryllia, lanthaaa,ceria, didymia, 
yttria, erbia, and terbia. Many researches were 
conducted in the years 1860-1878 on the earths 
from Gadolinite; some of the results jpointed to 
the non-existence of terbia as a distinct earth, 
while others made the existence of this body very 
probable; Mie investigations of Oleve seem to 
show that terbia is a definite earth. The sub¬ 
stance to which the name of erbia had been 
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j^iven wafl very oare^^lly examined by Marignao 
in 1878, and subsequently by Nilson, and then 
by Cleve, with the result that it was shown to be 
a mixture of the three earths ytterbia, soandia, 
and orbia, and to these Cleve afterwards added 
two others, viz. holmia and thulia. The inves¬ 
tigation of these earths is yet far from oomplete. 

To obtain the crude earths from Qadolinite, 

Bahr a. Bimsen [A. 137, 1) decompose the 
mineral by IlClAq, soparato SiO^ by evaporation 
to dryness and addition of HClAq, hcAt to boil¬ 
ing, and ppt. by oxalic acid; they wash the pp., 
convert the oxalates into nitrates, and ppt. the 
cerium cotni>ound8 by addition of K^SO,; Iho 
earths of the erbiumigroup are then ppd. from 
the filtrate by oxalic acid, the.oxalatos are heated 
in a Pt dish, the carbonates thus obtained arc 
boiled in water {to dissolve out K CO,), and dis¬ 
solved in HNOjAq; oxalic acid is again added, 
and the pi)d. oxalates are once more converted 
into carbonates by heating; the carbonates are 
tested for didymium by observing the absorp¬ 
tion-spectrum of a very cone, solution in 
llNOjAq; if Oi is present the treatment witli 
K.,S 04 is repeated until a pp. is obtained free 
from Di; the cartlis are tlnu ppd. by NlI,Aii 
free from (J^ir,)C(),: tho pp. is dissolved in 
HNOjAq, and tho o\alate3 are ppd. by addition 
of oxalic acid. Tlicrc aie different methods for 
obtaining erbia from tho mixed oxalates. Auer 
v. Welsbaoh leroiniaends the following {M. 4, 

630). The oxalates are converted into oxides by 
beating strongly, the oxides are made Into a paste 
with water and thrown into a quantity of liot 
nitric acid insuflicieut for their complete solu¬ 
tion; a basic erbium nitrate containing yttria 
forms on cooling; the process is repeated several 
times; at lad, when there is a considerable 
quantity of iiudlssolvedox'dein the boiling nitric 
acid, the whole becomes somewhat pasty and 
groyish-red in colour; the mass is now allowed 
to cooh and cone, nitric acid is added in small 
successive quantities until the colour becomes 
reddish. The acid dissolves compounds of Co 
and traces of Fe salts; a compact rose-coloured 
pp. settles down, from which the mother-liquor 
can bo poured off. The pp. is washed with alco¬ 
hol with the aid of a illtor-pump; the alcohol dis¬ 
solves nitrates but leaves the basic nitrates. 1 he 
pp., which consists of basic erbium nitrate cou- 
taining yttrium nitrate. Is purified by a long and 
tedious process, based on the fact that basic 
erbium nitrate is produced more readily than , ^,t,i„gont, 

the basic yttrium salt by heating the mixed i "5 

nitrates with the oxides of the metals, and tliat 
the basic yttrium salt is more soluble than the 
erbium salt in liquid containing the normal ni¬ 
trates. Another method <J£ obtaining basic er- 
bium nitrate consists in heating the mixed 
nitrates (formed by dissolving the oxides or car- 
bonates in HNO^Aq) in a Pt dish until red fumes 
are evolved, and a portion of the residue is in¬ 
soluble in water; the insoluble portion is again 
heated, and then treated with water, and so on 
(Marignac, A. Ch. [6] 14, 247^ Cleve, C. R. 91. 

581 )- 

Be/srences.—For earlier work v. Cleve m 
Fremy’a Encyclopidie chimique, tom. 8. Ber- 
zeUus, Lehrbuch, 2 (6th ed.). Mosander. /. pr. 

30, 27. Bahr a. Bunsen, A. 187, 1. Cleve^ 

HOglund, Bl, [2] 18,198,289. Lawrence Smith, 


0. R. 87. 146, 831. Marignao, Ar. 8c. [ 3 ] 3 , 
413. Delafontaine, C. 12.87,600. Soret, 0.12. 
89. 478, 621; 91, 378. Cleve. 0. R. 89, 478, 
708; 91, 381. Boscoe, B. 16,1274. Marignao, 

0.12. 87, 678. Nilson, 0. 12. 88, 646; 91. 118. 
De Boisbaudran, 0. 12. 88, 822 ; 89,212. Von 
Welsbaoh, M. 4, 630. . 

Tho metal erbium lias not yet been isolated. 
The atomic weight was determined by Dela- 
fontaine (*4r. Sc. 180C. 112), Cleve a. H5glund 
{Bl. [2] 18, 103, 280), Humpidge a. Burney (0. /. 
36,11), but the results were too high. Cleve re¬ 
determined the at. w. by synthesising the sul¬ 
phate from pure Er^O,: he obtained the value 
166-15 (0.12. 80. 706; 91, 381). 

So far as the investigation of Er compounds 
has gone, it shows that this metal is best placed 
in Group V, in the odd series 9, between Sb and 
Bi; Er is ako analogous to the earth-metals So, 
Y, La, aud^Yb, and it shows resemblances to Oe 
(c/. Nituookn group op elements, and Earths, 
METALS or the). 

Erbium, haloid compounds of. Erbium 
bromide, chloride, fluoride, and iodide, ErX, 
(X = Br, Cl, F, I),havc been described; but as 
the material worked with was not known to be 
perfectly free from other metals of the yttria 
group, but little stress can be laid on the descrip¬ 
tions given. These compounds are said to be 
rose-coloured and deliquescent. 

Erbium, oxide of. ErjO,. S.G. 8'64. S.H. 
•065. S.V.S. 43*98 (Nilson a. Pottersson, B. 13, 
1450). Emission-spectrum characterised by 
bright lines C546 (redl, 6631 and 6387 (yellow), 
6228 and 6204 (green) (Bahr a. Bunsen, A. 137, 
1; Do Boisbaudran, C. R. 76, lOSO; 88, 1167, 
1342; 89, 212, 516); the dark lines of the ab¬ 
sorption-spectrum of the solution of an Er salt 
correspond with these. Obtained by heating the 
nitrate or oxalate in air. Pale rose-coloured 
powder. Not changed wlien heated in H. In¬ 
fusible ; glows with intense green light when 
heated, without volatilising. Slowly dissolved 
by hot HNO.Aq, H^SO^Aq, or*HOlAq. Does not 
directly combine with water. 

Erbium, salts of. Compounds obtained by 
replacing H of acids by Er. These salts are 
formed by dissolving Erp^ in acids; many are 
also formed by double decomposition from the 
sulphate or nitrate. Solutions of Er salts are 
more or less rose-coloured; they generally have 
an acid reaction with litmus, and taste sweetish 
The salts aU belong to the form 
Er..3X where X- SO 4 , 2 NO 3 , ^PO,, Ac.; a few 
basic salts, e.g. Er, 08 . 2 C 02 , have been obtained. 
The principal salts are the bromate, carbonate, 
chlorate and perchlorate, fonuate, iodate and 
periodate, nitrate, oxalate, eelenate and selenite, 
eulpUte and sulphite, and phosph^ (». CiB- 
BONATE 8 , NiTRATEfl, Ac.). M. P. M. 

EBSOSTEBIN 0»,H„0. [154°]. B.G. 1-04. 
Md “ -114°. Eitraotad Irom ergot ol rjro 
(Tanret. G. B. 108, Oi). Pointed neodloa (con. 
taining aq) i aol. alcohol and ether; hlK)!. 
water. Slowly oiidisee in air, very rapidly at 
100\ la not attacked even by hot conoontrated 
alkalis. Beaembles oholeeterin in many re- 
actiona, but gives different results with anlphnno 
acid and ohlorofonn. Tho acid disaolvet the 
ergosterin, and agitation with chloroiorm giTM 




noooloQraiion till evaporation takes place, when 
a trace of violet appears. 

JPorwyl d«rtvoftveCaHM{CH0)0.[164®]. 
[tt]- -98'4®. Spangles, sol. etner. 

Ac$tyl dtrivativi OjjHj^oO. [169®]. 

-80®. Pearly spangles, sol. ether and 
alcohol, insol. water. 

Butyryl derivati^B OjgHMfC.HgOlO. 
[95®]. [a3B--67®. 

EBGOTIKIKE C„H„N,0,. EcboUne. 3. {95 
p.c. alcohol). *6 at 20®; 2 at 78'’. [a]j = 137*6®. 
Occurs in ergot of rye, together (according to 
Drogendorff) with' eoleromucin,’ * sclerotic acid,* 
‘ solererythrin,* ‘ sclerocrystallin * C,pH„04, 

‘scleroxanthin* a hydrate of 

sclerocrystallin, jnycose, maanite, cholesterin, 
leucine, lactic acid, methylamine, and trimethyl* 
amine (Wiggers, .4.1,171; Mauassewitz, Z. [2] 
4,154; Denzel, iir. P/t. [3] 22,49; Dragendorff, 
Ar. Pk. 7,32; C. C. 1878,125; Bonibelon, C. C. 
1888,472). Ergot also contains a fatty oil (Her. 
maun, Pep.Pham.20,283; Ganser,Pep.P?iam. 
20,301). Tanret (X Ph. 2G, 320; C. X 34, 81) 
also obtained from ergot a crystalline substance, 
smelling like camphor[X65®], (209®), insol. water, 
sol. alcohol, and chloroform. Kooert (X. 1884, 
1512) describes ergot as containing cornutine 
and sphacelio (ergotic) acid. 

Pr^rafton.—'The ergot is exhausted with 
alcohol, caustic soda is added to alkaline reac¬ 
tion, the alcohol is distilled off, and the residue 
agitated with ether. The ethereal extract is then 
shaken with a concentrated solution of citric 
acid, the citrate is decomposed by K^CO^, and 
the ergotinine extracted by ether, from wliich it 
crystaJIiseB. In this way 1*2 g. is got from 1 kilo 
of ergot (Tanret, A. Ch. [5] 17,499; C. P. 81, 
896; 86,888; cf, Blumberg, Ph. [3] 9,23. 698). 

Properties.—DeMcsAe prismatic needles, turn¬ 
ing brown in air. Insol. water, sol. alcohol, 
ether, and CHGl,. When the ergot is old an 
amorphous substance (? modification of ergoti¬ 
nine) present, which increases its solubility in 
aloobol. Its solutions fluoresce violet. The rota- 
tory power of iheamorphousergotinine [a]j»122® 
m less than that of the crystalline variety. Er¬ 
gotinine gives all the general tests characteristic 
of alkaloids. When a drop of is added to 
its solution in acetic acid a red colouration pass- 
ing rapidly to violet and blue is formed. Ergo- 
tinine when injected hypodermically produces 
intoxication. 

Salts.-BTOL-B'HBr. 

EBICIH. A dye-stuff in Erica vulgaris. It 
gives a bronze-green pp. with iron salts, a golden- 
green pp. with tin salts, and a green colour with 
copper salts (Savigny a. CoUineau, C. C. 1881, 
708; ax 42,809). 

IUICIKOKEC«H„0,(?). [C.167®]. An in. 
different crystaUine substance, said by Uloth 
(A. Ill, 216) to be obtained by the dry distilla¬ 
tion of ericaceous plants. May be sublimed. 

SBICOIIS A resinous glucoside 

found in several Plants of^e heath family, e.g. 
tiammem ling (volluna wilgaris), wild marsh 
rosemary {Ledumpalutire), m the red bearberry 
{Arctoatapkylua wa urti), in Qaultheria wo- 
cumbent, in E^aa rmens, and in RhododertAron 
fetrugmeum ^^hleder a. Schwarz, A, 84, 354, 
868 ; Kawalier, 8%U. IT. 9, 29; Oxley, Ph, [8] 
% 1060; Thai, X 1688, 1401). It has a bitter 


taste. Dilute acids split it up into glucose and 
erioinol. 

Xricinol Formed, together with glu¬ 

cose, by distillmg ericolin or pinipiorin with di¬ 
lute HOI or H.4SO.. Volatile oil, taming brown 
in the air (Boohleder; Kawalier; Thai; FrOhde, 
'X pr. 82, 181). Ericinol takes up water, be¬ 
coming ‘ ericinol hydrate ’ CioHs^O^, which has a 
very characteristic odour (Thai). 

EBIGEBOK OIL. Tne volatile oil from 
Erig&ron aanad&nse contains a terpene ((176®). 

S. G. 12 *848. [a]j» 6® 15'), identical with citrena 
and hesperidene (Wallaoh, A. 227,292; cf. Vigier 
a. Clobz, X Ph. [6] 4, 333). 

EBUCIC ACID Brassidic aoU, 

Mol. w. 338. [34®]. An acid occurring as gly¬ 
ceryl ether in colza* oil (Welsky, X. pr. 68, 449; 
Staedoler, A. 87, 133; Otto, A. 127,182; 135, 
226; Haussknecht, A. 143,40), in the fixed oil 
of white mustard {Sinapis alba), and of black 
mustard (Darby, A. 69, 1; Goldschmiedt, Sitz. 
W. [2] 70,461; 74, 394), and in the fatty oU 
from grape seeds (Fitz, B. 4, 442). 

Prejparafton.—Rape-seed oil is saponified by 
alcoholic EOH; after distilling off most of the 
alcohol the fatty acids are precipitated with di¬ 
lute H3SO4, separated, and dissolved in three 
times the weight of 95 p.c. alcohol; on cooling 
the solution to 0® the erucic acid crystallises 
out, and is reorystallised in the same way (Bei- 
mer a. Will, B. 19, 3320). Long needles (from 
alcohol). Decomposed by potash-fusion into 
acetic and araohio acids. Br forms the di¬ 
bromide C22H4jBraOj [43®] (v. Di-BRouo-BsueNio 
acid). Nitrous acid converts erucic acid into the 
isomeric brassic acid {g. v.). HI and P at 200® 
give bchenio acid. 

Salt 8.—Na A'.—BaA^—PbA'^.—AgA'. 

Ethyl ether EtA': (above 360®); colour¬ 
less odourless oil; converted by nitrous acid into 
ethyl brassate. 

Qlycerin-di-erucic ether CjHj(OJI)A'j. 
Bierucin. [47®]. Silky colourless crystals (from 
ether-alcohol). Occurs as a deposit from rape- 
seed oil after loug standing. V. sol. ether and 
ligroln, m. sol. hot alcohol, insol. cold alcohol. 
By nitrous acid it is converted into glycerin-di- 
brassic ether. 

Olycerin-tri-erucic efAerCjHjA',. TrU 
erucin. [31°]. From erucic acid and glycerin 
at 300®. 

Amide C2,H4,.C0NH,: [84°]; colourless 
needles; v. sol. ether and benzene, si. sol. alco¬ 
hol, insol. water. Formed by the action of NH, 
gas upon the anhydride. 

Anilide 03,64,.CO.NHPh: [56®]; crystals; 

T. sol. ether and benzene, si. sol. alcohol. 

Anhydride (Ci„^4,.00)30: oil which so¬ 
lidifies in a hicezingmixture; v. sol. ether and 
benzene, v. si. sol. alcohol. Formed by the ac¬ 
tion of PCI, upon erucic acid and subsequent 
addition of alcohol (Beimer a. Will, B. 19, 8320). 

EBYTHBEHE v . Butxnenb. 

Erythrene bromide v. Tsioa-bboho-butanb 
and Dz-BBOHO'finTiLBMi. 

BBYTHBIH O^^HjjO,, U O4H,f0,H,O,),O4. 
Erythrio add. MoLw. 422. [187®]. S. *42 at 
100®; 8. (ethe^ *8 at 20®. Occurs in Boceella 
tiinetoria, B. Montagndf B. fudformu and other 
lichens (Heeren, Schut. X 59, 818; Kane, A, 89, 
26; Sebunok, A. 61, 69; Stenhouse, A. 68,721 



IKtTHRITE. 


Pr. 12,263; C. 20, 222; Hesae, A» 117, 304; 

Dd injneB, A, Ch, [4] 2, 385; Mensohutkin, Bl, 

2] 2, 424). Extracted by milk of lime, and ppd. 

)y HOI. Crystalline mass (containing 1^ aq). 
il. sol. water, y. sol. alcohol and ether. Its td* 
$obolic solution gives a violet colour with Fe^Cl^. 

EeacHons. —1. Boiling water or alkalis split 
it up into orselllc acid C«H 904 and picroerythrin 
; the orsellio acid being resolved by 
longer boiling into CO, and orcin. Boiling aU 
:ohol produces, in the same way, orseHic ether 
and picroerythrin. Methyl and amyl alcohols 
act in like manner. —2. Boiling with excess of 
lime-water gives erythrite, orcin, and CO, 
(Lamparter, A. 134, 255).—3. Bromine forms 

OjoHigBr^O,,. 

Metallio derivatives.—Ca,Ha,PbO,j aiaq. 
PbjiCajHijOjJj 3aq.—OjoHjjPb^OjQ. 

PbjCj,H„0.o),. 

(/3)-Erythnn C2,H.,,0,*. Occurs in Roccella 
fuciformis (Mensohutkin, Bl. [2] 2, 424). White 
crystalline powder (containing aq). Nearly insol. 
water, sol. alcohol, and other. Decomposed by ; 
boiling alcohol or water into orscllic ether or 
acid and (j3)-picroerythrin. Boiling baryta splits 
it up into erythrite, CO 2 , and betorcin.— 
Pb,C,,H^O„. 

Erythrin v. Bromo-fluoiikscein. 

ERYTHRITE i.e. 

CH,(OH).CH(OH).CH{OH).CH,{OH). Erythrol. 
Erythronianmte. Erythroglucin. Eryglucin. 
Phyoite. Mol. w. 122. [112®]. (330®). S.G. 1*45 
(Schroder, B. 12, 662). R^o 43-05 (in a 14 p.c. 
aqueous solution) (Kanonnikoff, J. B. 15, 449). 
Jleat of solution — 6200 at 9® (Colson, C. R. 104, 
113). Occurs ready-formed in Protococcm 
vulgaris and is produced by the action of boiling 
lime or baryta upon erythrin or picroerytlirin 
(Stenhouse, Tr. 1848, 76; 1849, 399 ; Sticcker, 
A. 68, 111; Schunck.P. M. 7,33,254; Lamy, A. 
Oh. [3] 36, 138; 61, 232; Wagner, J. pr. 61, 
125; licsse, A. 117, 327 ; Hofmann, B. 7, 612; 
De Luynes, A. Ch. [4] 2, 339; 0. B. 56, 803). 

Properties. —Large dimetrio crystals with 
sweet taste. Inactive. Neutral to litmus. V. 
sol. water, si. sol. cold alcohol, insol. ether. Does 
not reduce Fehling’s solution. Is not ppd. by 
lead subacetate. Its aqueous solution dissolves 
lime, a pp. being formed on boiling or on adding 
alcohol. Docs not undergo alcoholic fermenta¬ 
tion. Like other polyhydric alcohols, it renders 
a solution of borax acid (Dunstan, Ph. [3] 13, 
257). In pr(JsencG of vegetable mould it under¬ 
goes butyric fermentation (Pits, B. 11,1890; 12, 
476). Erythrite does not react when heated with 
aldehyde or isobutyrio aldehyde at 125® (Lochert, 
A. Ch. [6] 16, 64). 

Reactions.—1, Potash-fusion gives acetic 
and oxalic acids.—2. Fuming nitriz ^id forma 
the nitrate. Dilute nitric acid oxidises it to 
oxalic and tartaric acids (Przybytek, Bl. [2] 36, 
108); at the same time there is formed on alde¬ 
hyde or ketone whoso phenyl - hydrazide 
molts at [167°] (Fischer a. Tsfel, B. 
20,1088),—3. CrO.and KUn(i, give formic and 
oxalio acids. 4H»SO. forms a sulphuric acid 
0>H,,0,(S0.H), (Hesse, A. 117, 829). The salts 

Ca^>'',6aq,Ba^'"j,6aq,andPb,A"'jl2aqhavebeen 

described.—4. Heating with aqueous HI foms 


thiophene by heating with (Paal a. Tafel, 

B. 18, 688 ).—7. Distillation with SjCl.^ under 
100 mm. pressure yields a substance (? C 4 HHSO 4 ) 
which crystallises from ether in needles [115®] 
(Henninger, A. Ch. [ 6 ] 7, 231).—8. Eormio acid 
produces several formins, including the crystal* 
line tetraformin 04 ^( 0 .CH 0 ) 4 . When the 
mixture of formins is distilled at 250® there is 
given off CO^, butinene, and CO, and a liquid 
^stils over consisting of water, formic acid, 
crotonio aldehyde, di-oxy-butylene (crotonylene 
glycol), C 4 H„( 0 H )2 ‘ dihydrofurfurane ’ (C 4 H 4 O), 
(67®), and the anhydride of erythrite 
(Henninger, C. R. 98,149; A. Ch. [ 6 ] 7, 210; 
Bl. [2] 19, 2,145; 21, 242).—9, Phenyl cyanate 
(4 mols.) heated wfth erythrite (1 mol.) forms 
C 4 H„(O.CO.NHPh )4 [215®] a miorocrystalline 
solid, si. sol. alcohol and ether (Tessmer, B. 18, 
970). 

First Anhydride Brythrane. 

(155®) at IsTmm. 

Formation. —1. A product of the action of 
formic acid on erythrite.—2. By heating ery¬ 
thrite with equal weights of water and cone. 
H 2 SO 4 .—3. In small quantity by the action of 
HCl on erythrite. 

Properties.—Liquid. Cone. IICl converts it 
into erythrite dichlorohydrin (Henninger, A. Ch. 
[ 6 ] 7. 225). 

Second Anhydride CiIT^Oj i.e. 

O 0 

CffixH.CaCH. (?). ErythiiU dioxide. Ery- 
thr'ane. (13B“).' S.G. £ 1-132; 19 1-113. C.K. 
(0“-18°) -00095. V.D. 3-16 (obs.). Formed by 
treating erythrite dichlorhydrin in ethereal 
solution with KOH, the yield being 70 p.c. 
(Pryzbytek, B. 17,1092; Bl.[2] 41,393; 42,322). 
Mobile liquid, miscible with water. Slowly 
unites with water to form erythrite. Combines 
with HCl reproducing the dichlorhydrin. Unites 
with HCN to form the nitrile of di-oxy-adipio 
acid. Readily combines with NHj and amines. 
Aniline forms a compound Cj^HooN.^Oj, Reduces 
AgNOj forming a mirror. Ppts. MgO from 
magnesium salts. 

Isomeride of the Second Anhydride 
C.H^O... (173®J. Formed, together with 
C 4 H“(dH)(OEt) 2 , by the action of NaOEt upon 
erythrite dichlorhydrin, or by treating the 
dichlorhydrin with powdered NaOH (Henninger, 
A. Ch. [ 6 ] 7,225). Plates (from alcohol). 

Di-ethyl ether C 4 Hg{OH) 2 (OEt) 2 . [13-5®]. 
(144®) at 22 mm. From the dichlorhydrin and 
NaOEt at 100® (Henninger, A. Ch. [ 6 ] 7,230). 

Erythrite tetranitrate C 4 Hg(N 05 ) 4 . Nitro* 
eiythrite. [Cl®], Formed by dissolving erythrite . 
in cold fuming HNOs and ppg* by the addition 
of HjSO, (Stenhouse, Tr. 1849, 399). Large 
plates (from alcohol). Insol. cold water. Ex¬ 
plodes when struck. Alcoholic ammomuia 
sulphide reconverts it into erythrite. 

Erythrite ietra-sulphuric acid 
CiI.(S 04 H) 4 . Deliquescent crystals got by 
dissolving erythrite in ClSO|,H. Boiling water 
slowly resolves it into erythrite and hydrio sul¬ 
phate (Claesson,/.pf. [2] 20,7). ^ 

Sa«s.—K 4 A"", 4 sq. Nearly msol. cold 

“ . Insol. water. Ppd. by 


water. BaA'",4aq. 

i;e“c7nds"r7bi:tyriodide.--6; PBr. giTe, C^t. | adding BaOl, to a solution of fta toe M dbnt 
[112®] (Colson, 0. JB. 104, 118).- C. yields ] not to one of the potassium salt (ClaeBson). 
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Mono-formyl d$r%vativ$ 
C,Hj(OH),(O.CHO). Srythrite monoformin. 
(192*’^ Formed, together with the following, 
bj boilin^rythrite (I pt.) with formio acid (2^ 
pts.) for 6 hoars (Hezmtnger, A. Oh. [ 6 ] 7,315). 

Tetra-formyl derivative C 4 H,(O.OHO) 4 .u 
[160'^]. Prepared by beating e^thrite with 
formio acid at 200 ° and extracting with dry 
ether; the product being treated in the same 
way with 20 pts. of formio acid (S.G. 1*18). 
Xx»ng needles (from alcohol). 

Benxoyl derivative C,Hg(OH),(OBz). 
From erythrite and HOBz at 250° (Berthelot, 
Chimie organique, 2, 224). Crystalline mass, 
insol. water, v. sol. alcohol and ether. 

Tetra-heneoyl derivative C 4 H^(OBz)^. 
From the preceding (1 pt.) and HOBz (16 pts.) 
at 200° (B.). Nearly insol. water. 

Orsellyl derivative C,,^l „07 i.e. 
04 H,( 0 H),( 0 .C 0 .C^( 0 H)jMe). , 

Picro^thrin. [168°]. Obtained by boiling 
erythrin with water,alcohols, or alkalis (Schunck, 
A. 61,64; Stenhonse, A. 68,76; Hesse, A. 117, 
621). Silky prisms (containing 3a(i). Tastes 
bitter. V. e, sol. hot water. Decomposed by 
boiling lime-water into erythrite, orcin, and 
^COj. Gives a purple colour with Fe^Cl,. 

{0)-Or8ellyl derivative. Anhydride. 
0„H„0,. {0)-Picroerythrin. Obtained by 
boiling ( 6 )*erythrin witii alcohol (Menschutkin, 
Hi. [2] 2, 424). Needles, v. e. sol. water and 
alc<^ol, insol. ether. Reduces hot silver solu¬ 
tion. Split up by boiling with baryta into CO, 
erythrite, and betorcin CgHj^O,. 

^ythrite chlorhydrin C^Hg(OH)sCI. [ 66 °]. 
Flat interlacing needles, sol. alcohol, insol. 
ether. 

Srytibrite dichlorhydrin C,Hg(OE),Cl 2 . 
[126°]. (162°) at SO mm. Prepared by heating 
erythrite (200 g.) with cone. HGlAq (2400 g.) for 
6 hours, and distilling the product under re¬ 
dact pressure. Arborescent mass of crystals, 
V. sol. alcohol (Henninger, A. Ch. [ 6 ] 7, 228; 
Przybytek, B. 17l 1091). A mixture of HNO, 
and H ,804 converts it into the nitrate 
C 4 H,(N 0 ,)-CI, [60°] (Champion, C.R. 73, 114). 

Erythrite tetrachlorhydrin v. Tetra-chloko- 

BUTANE. 

Erythrite dibromhydrln C,Hu(OH),Br,. 
[130°]. From erythrite and cone. HBrAq at 
110° (Champion, Z. 1871, 848; C. It. 73,114). 
Crystals (from ether), insol. water. A cold 
mixture of fuming HNO, (1 pt.) and cone. H.SO, 
(2ptB.) forms the nitrate C 4 H,(NO,) 2 Br 2 [75°]. 

BEYTHEOCBKrAURIN [136°]. 

S. *06 at 16°; 7 at 100°; S. (86 p.o. alcohol) 2; 
S. (ether) *4; S. (diloroform) 7. A substance 
allied to santonin which may be extracted by 
alcohol from the common centaury {Erythraa 
Omtamitm). Tasteless crystals (from ether); 
neutral to litmus. Inactive. Sol. most menstrua; 
water pptB.it unaltered from its solution inHgSO^. 
It toms bright red in surdight, being affected by 
the blue or violet rays; the red colour disappears 
on solution or oif heating to 130° (Mehu, J. Ph, 
[4] 8,2^. 

EETTHROOIBCIO ACID O^HgO, i.e. 
0 H.( 0 H).CH( 0 H).CH( 0 H). 00 ,H. Obtained by 
Ute oxidation of ei^tlmte by air in presence of 
idatinum-blaok or by nitric acid (Sell, Bl. [2] 6 , 
l84;Lampftrter,A.184,24d). Deliquescent mass; 


V. sol. water and alcohol.—BaO.H-O. aq (Ii.)<— 
(C 4 HgPbO 4 ) 4 PbO,H,( 8 .),- 04 H.PbO,(atl 60 °;L.). 

EB7THB0.0XY.ANTHBAaUlN6NE v. Oxr- 

ANTHRAQUZNONS. 

EETTEBOPHLEtlTE. An alkaloid in the 
bark of Erythrophlceum guineense (Gallois a. 
Hardy, Bl. [2] 26, 89). Sol. alcohol, si. sol. 
ether. Gives a violet colour with MnO, and 
H,S 04 . 

ESEKBBCKINE, An alkaloid in the bark of 
Escnhecltia fehrifuga (Buchner, Rep. Pharm. 31, 
481; 37,1; Am Ende, Ar. Ph. [2] 143,112). 

E 8 ERINEO|jH„N,Oy Phytoetigmine. [45°]. 
An alkaloid which may be extracted by moist 
alcohol from Calabar beams (Petit, J. Ph. [4] 14, 
255; O.R. 72, 609; Hesse, A. 129, 116; 141, 
82). Resinous; v. sol. alcohol, ether, benzene, 
andCHCI,; m. sol. water. Alkaline to litmus. 
Poisonous, producing contraction of the pupil. 
The sulphate evaporated with ammonia leaves a 
blue residue. Bleaching powder colours its solu¬ 
tion red.—B'HIHgl,. [70°] (H.). 

ESSENTIAL OILS. Oils, usually obtained 
from plants, which are volatile either alone or 
with steam. They usually contain one or more 
hydrocarbons such as terpenes (q. v.) and one or 
more substances containing oxygen, which some¬ 
times separate in a solid form on cooling strongly 
and arc then called stearoptenes, the remaining 
liquid being termed elteoptene (v. also Oils). 

ESTER. A name applied by Gmelin to com¬ 
pound ethers derived from oxygenated acids to 
distinguish them from simple and mixed ethers. 

ETHALDEHYBE v. Aldehyde. 

ETHANE C,H, i.e. CH,.CH,. Di-methyl- 
ethyl hydride. Mol. w. 30. S. -0871 at 0° (B»m- 
sen); S. (alcohol) 1*6 (Berthelot,’/. 1867, 344). 
H.P.p.26,070 (Thomsen, J.pr. [2] 23,158); 28,560 
{Th.); 28,000 (Dulong; Pavre a. Silbermann). 
H.P.v. 21,510 (Thomsen); 27,400 {Th.). 

Occurrence. —In the gases given off by natural 
petroleum (Smith, A. Ch. [5] 8 , 666 ). ‘ 

Formatuyn. —1. By the action of methyl 
iodide upon zinc or sodium (Frankland, 0. J. 2, 
173; A. 71, 213; Wanklyn a. Buckeisen, A. 
116, 329).—2. By heating propionitrile with 
potassium (Frankland a. Kolbe, 0. /. 1, 60; A. 
66 , 269).—3. By the electrolysis of potassium 
acetate (Kolbe, A. 69,279).—4. By the action of 
water on zinc ethyl (Frankland, C.J. 6,338; A. 
71, 203; 85, 360 ; 95, 53).— 6 . By heating ethyl 
iodide (9 pts.) with AljClj (2'6 pts.) at 160° 
(Kdhnlein, B. 16, 502).—6. In small quantity 
together with methane and CO^^ by heating Aa^O 
withBaO 3 (>Schfitz 0 nberger, BI[2]5,278; Darling, 
C.J. 21,496).—7. From HgEt^and H 3 SO 4 (Sohor- 
lemmer, A. 132,234).—8. From EtI, alcohol, and 
zinc-dust (Babanejeff, B. 9,1810). 

Prepara(lum.^Bj dropping a mixture of 
equal volumes of ethyl iodide and absolute alco¬ 
hol upon the oopper-zino couple, the gas being 
passed through a scrubber containing copper- 
zinc, through alcoholic NaOH, through bromine- 
water, through caustic soda, and finally through 
slaked lime (Percy Frankland, 0. J. 47,286). 

Proper^.—Colourless gas. Burns with pale 
fiame. Wi^ water under pressure it forms a 
crystalline hydrate (Yillard, C. B. 106, 1602). 
The identity of ethane from ZnEtg with that 
from KOAo may be shown bv chlorination, both 
jdelding ethyl ehloride (Schoriemmer, A. ISt, 
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76; 182,234) or by their heats of oombastioQ 
(Thomsen, J. pr. [2] 28,158). 

Derivatives v, Bbouo', BbouO'Iodo-, 
BbOMO-NITBO-, OhIOBO-, ChLOBO-IODO-, CHIiOBO- 
BITBO', NiTRO'BTHAMSS, <&0. 

BTKANE-ABSONIG ACID v. Abbekxo com- 

rOONDS, OBOANIO. 

ETHANE-TBICABBOXYIIC ACID 
C02H.CH,.CH(C02H)j. [159®]. From the ether 
by conc. EOHAq. Formed also by saponifying 
ethano tetra-oarboxylic acid and from bromo- 
Buooinio ether by successive treatment with alco* 
holio KCy and KOH (Orlowsky, JS. 9,278; B. 
9,1604). Small hard prisms (from ether). V. 
sol. alcohol, ether, of water, si. sol. benzene. 
When melted it splits up into GO, and succinic 
acid. 

Salts.—The ammonium salt gives pps. with 
BaCljOr PblOAc), in the cold, and with CaCl, or 
FeCL on warming. — CajA'",. — ZnaA'" 32 aq.— 
AgjA" 

Ethyl ether C0,Et.CH,.CH(C02Et),. (278® 
uncor.). S.G. 1*081). From malonio ether, 
NaOEt, alcohol, and ohloro-acetio other (Bi- 
scholt, A. 214, 38), Oil. V. e. sol. alcohol or 
ether. By the action of Cl on the ether chloro- I 
ethane-tricarboxylic other is formed, which on 
boiling with HCl gives fumario acid, and with ' 
KOH gives malic acid. By the successive 
action of sodium and chloro-acetic-ethor on the 
ether, the ether of propane-tetra-carboxylic acid 
(C 0 ,H)CH. 2 .C(C 02 H),. 0 H 2 (C 02 H) is formed, and 
this acid on heating gives GO., and tricarballylio 
acid (CO,H)CH,.CH(C02H).CH2(C0.2H) (Bischoff, 
B. 13, 2161). 

First nitrile v. Cyano-succinic ktheb. 

Ethane tetra-oarboxylic acid GJlgOg i.e. 
(C02 H)jCH.CH(C02H).,. 

Acetylcfie tetra-carhoxylic acid. 

Dimethyl ether 

C02EtX3H(C02H).CH(C02H).C02Et. [133®]. The 
potassium salt is formed as a sticky pp. by the 
action of KOH (36 g.) on the telra-ethyl ether 
(28 g.) dissolved in alcohol (720 g.) at 0®. Plates 
with obtuse angles. Deliquescent, v. sol. alcohol 
or ether, si. sol. chloroform or CS^. When heated, 
it splits off CO 2 , becoming succinic ether 
(Guthzoit, A. 214, 72). Tho salt NajEt^A"" is 
convertecL by di-bromo-o-xylone C«H^(CH^Br )2 
into naphthalcno tetra-hydride tetracarboxylio 
acid(Baeyer a. Perkin, B. 17, 449). 

Tetra-ethyl ether EtjA"". [76®]. (305®). 
From malonio ether, chloro-malonio ether, NaOEt 
and alcohol (Conrad a. Bischoff, A. 214,68; B. 
13, 601; 21, 2087). Formed also by the action 
of iodine (1 mol.) on sodio-malonio ether (2 mols.), 
dissolved in absolute aloolx)! (Bischoff a. Kaob, 
B. 17, 2781), Needles. V. sol. alcehol, ether or 
benzene. 

Reactions, —1. Very stable. NaOEt and 
benzyl chloride do not form a benzyl derivative. 
2. Heated with aqueous HCl, or with aqueous 
KOH, it forms CO„ ethano tri-oarboxylio acid 
and alcohol. . • 

Amide C 2 Hj(OONn 2 ) 4 . Crystals, v. si. sol, 
water. Decomposes above 230®. 

ETHAHB-PHOSPHONIC kCin0J3.^:B0iQK)^ 
[44®]. From etbyl-phospbine and fuming HNO, 
(Hofmann, B. 6,106). Crystals, v. e. sol. water.— 
Ag>'; wnotpbous yellow powder. 


Chloride OjHj.POClj. (c. 176®). Liquid 
(Michaelis, B. 18,2174). 

£TEA]^-8BItIKIC ACID v. Ssleniuu cok- 

BOUNDS, OROANia. f 

ETHAJTK-SDLPHIKIC ACID OjH^.SOjH. 

Ethyl-sulphinic acid. 

Formation.^l. By the action of ZnEt, 
followed by water upon SO, (Wisobin, A. 189, 
864).—2. From ethane-sulphonio chloride and 
zinc-dust (Pauly, B. 10,941),~3. By the oxida¬ 
tion of sodium morcaptide NaSEt.—4. From 
PbEtf and SO, (Frankland a. Lawranoe, 0> J» 
85, 246). 

Properties^ —Syrup. Gives ethane-sulphonio 
acid when oxidised by HNO, (Claesson, J, pr, 
[2] 15, 222) and a •compound C,H„NS,0, [81®] 
(Zuoksohwerdt, A. 174,308). 

Salts.—NaA': crystals (from alcohol).— 
BaA '2 aq.—ZnA', aq.—PbA',. From PbBt, and 
SO, (Frank^nd a. Lauranoe, B. 12,846).—AgA': 
lamin», m. sol. water. 

Ethane di-sulphinie aeid 0,E^S,04 i.e, 
0,H,(80,Hh. 

Fthylenc-disulphinic acid. From ethane 
disulphonio ohloride C,H 4 (S 02 C 1 ) 2 , zinc-dust and 
water (Otto, J. pr. [2] 36, 439). The free acid 
is unstable. 

Salts.—Na.A^'4aq: small lamina from 
alcohol), v. e. sol. water,si. sol. alcohol.—ZnA',: 
small plates, si. sol. cold, v. sol. hot water. 

Di-methyl ether Me^A". [190®]. 2>i- 

methyl ethylene disulphone. From the sodium 
salt and MeBr. Plates, insol. cold, sol. hot 
water and alcohol. 

Di-ethyl ether EtA" [137®]. Ethylene 
diethyl sulphone. From Na,A" and EtBr (Otto, 
J. pr. [2] 36, 436). Needles. SI. sol. ether, 
benzene, chloroform and CS,, v. sol. hot alcohol. 
Converted by PCI, into 0,H4(S0,C1), [91®]. Be- 
duoed in alkaline solution to ethane sulphinio 
acid. Aqueous KOH forms 0,H4(0H)(S0,Et) 
and ethane-sulphonio acid. Ar^onia forms a 
substance [83°]. 

Di-propyl ether Pr,A'*. [155®]. From 

Na .A"andBrPr (Otto). Iridescent plates. 

CH,.SO,.CH, 

Ethylene ether C,H 4 A'S.e. | } 

CH,.SO,.OH, 

From Na,A" and ethylene bromide (Otto, J. pr 
[2] 36, 446). Prisms, insol. ordinary solvents, 
m. sol. hot oonc. HNO,. 

ETHANE SDLPHOKIC ACID C^H.SOjH 


Ethyl sulphonic acid. 

Foi'ination. —1. By tho oxidation of mer- 
oaptan, of ethyl sulphooyanide, or of di-othy 
disulphide (L5wig a. Weidmann, P. 47,158 ; 49 
829; Kopp, A. 86, 346; Muspratt, 0. J, 8,18) 
2. From K,SO, and EtI (Strecker, A, 148, 90 
Graebe, A. 146, 87). 

Properfifls.—Deliquescent mass. Not acte< 
on by Cl, but converted by ICl, into C2H,01,S0aI 
and C,CL (Spring a. Winssinger, B. 16, 446). 

Salts.—NaA'aram—NaA'iNal lender, A 
148, 90).— KA'aq. —OaA',a;aq. —BaA'.aq,- 
ZnA', 7 aq.—CuA',5aq.—HgA',HgO (Claesson, A 
148, 90).-PbA',aq.-AgA'. 

Methyl ether MeA'. ( 0 .199®). From ethane 
sulphonic chloride and NaOMe (Oarius, /. pi 
[2] 2,262). 

Ethyl ether EtA'. Mol. w. 188. (918 
cor.). S.G. g 1*1712; 11452. Boe 20*79. 
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CjHj.SOjCI and NaOEt (C.); or from EtI and 
A«,SO, (Knrbatoff. A. 17S, 7; Nasini, B. 15, 
9d8i: (?. 13,804), 

Chloride OfiSO^d. (178® cor.). 8.G. 
2!I1’357. From the ^diam salt and PCI, 
(Gerhardt a. Chancel, C. R. 36,691). Also fronv' 
di-ethyl solphoxide and |)hlorine in presence of 
Tmter (S. a. W.). PCl^ decomposes it into EtCl 
and SOOl,. 

Amide CjHjSOjNHj. [68®]. Silky needles or 
long prisms (from ether). Sol. water, alcohol 
and ether (James, 0. J. 43, 43). 

Meihylamide 0^j.S0,NHMe. (276®). 
S.G. ^ 1*216. From the chloride and methyl* 
amine, both being dissolved^ cold ether (Fran* 
chimont a. Klobbie, B. T. C. 6,274). Liquid, 
miscible with water. When poured into 6 pts. 
of fuming HNO, (S.G. 1*6) it forms a nitramide 
OjH,.SOrN(NO^Me [11®], a liquid which defla* 
grates at 100® and is si. sol. cold ^vater.. The 
zutramide is volatile with steam. 

Di-methyl-amide CjHjSO^NMej. (240®). 
S.G. ^ 1*146. Liquid, miscible with water. 
When poured into 5 vols. of HNO^ (S.G. 1*5) it 
gives di-methyl-nitraraine NMe,NOj. 

Ethyl’amideC.^ySO.,.'^KEt. (272®). S.G. 
iS 1*164. Liquid, miscible with water, sol. 
ether. HNO, (S.G. 1*5) gives the nitramide 
CjH,.S 0 ,.NEt.N 02 [20®], a c^atalline substance 
el. sol. cold water, volatile with steam. 

Di-ethyl-amide C,H,.SO,.NEt,. (254®). 
S.G. ^ 1*080. Liquid, with characteristic odour, 
eol. etiier, sol. water, but not miscible therewith. 
Fuming HNO, (S.G. 1*6) gives C,Hj.S02.NEt.NO, 


(P. a. K.). 

a.Ethane-disulphonic acid 
go H r.TT^ nH^-SOjH. Ethylene disulphonic 
acid. [94°] (when anhydrous). 

Formaticn.—l. Together with sulpho-pro- 
pionio acid and COj, by heating propionaraide or 
propionitrile with fuming H^SO, (Buckton a. 
Hofmann, C. J. 9. 260; A. 100, 129).—2. By 
the action of faming nitric acid upon ethylene 
Ihiocar^nato CH 4 CS, (Iluscmann, A. 126,260) 
or upon C,H 4 (SH),.—3. From nitro-ethane and 
fuming HjSO* (Meyor a. Wurster, B. 11,1168). 

Properties. —Deliquescent mass of radiating 
crystal* (containing aq). Potash-fusion gives 
acetylene (Berthelot, Z. 1869, 682). 

8 alt 8 .--{NH 4 ).A'; long monoclinic prisms. 

_ TTjA "; thick, four-sided, itionoclinicprisms. S. 

88 at 17®.—KHA" llaq: hard crystalline crusts. 
—Ns,A" 2aq. S. *023 at 21® (Guareschi, Q. 9, 
88 ).—AgjA"; thin monoclinio tables. — 
Ag,HA" 2 l 2 aq.—BaA"aq: stellate groups of six- 
Bided tablets (B. a. H.).—BaA": monoclinic 
prisms; ppd. by alcohol, or from water. 8.2*85 
at 17® (G.).—BaA" 2aq : trimetrio octahedra 
(Husemann).—CaA".—CuA"4aq ; monoclinio 
light.blue prisms.—PbA"l^aq: easily soluble 
crystals. — PbA" 2aq.—MgA" 6 aq. — Hg A' 6 aq: 
long thin monoclinio prisms.—Hg,A"aq: white 
crusts, which separate warming into an acid 
and a basic sa^—ZnA” 6aq: nacreous mono- 
clinic tables. * 

Chloride C,H 4 (SO,Cl),. [01®]. Needles 

(from ether). Boiling alcohol decomposes it, 
flivuig off SO, and EtCl (Ebnigs, B, 7,1163). 

u^thane disolphonio acid 0 H,.GH( 80 jH) 2 , 
EihyUdene disidphonic aoid. Obtained by oil- 
di^ thio-cldehyde (C^H^S), or tixialdine by 


KMnO* (Guareschi, O. 9, 75; A. 222, 803). 
Syrup, V. sol. water and alcohol. 

Salts.—^Na 2 A"aq: tables, nearly insoL al* 
cohol.—KjA"2aq: prisms (from water).—KjA": 
needles, ppd. by adding alcohol to its aqueous 
solution. S. 64 at 17®.—MgA" 6 aq.—CaA".— 
BaA"3aq; tables (from water). S. (of BaA") 
11 at 17®. — BaA"3|aq: ppd. by alcohol.— 
CaA" 2aq. — CuA" aq. — aq: slender 
needles. 

Ethpl ether From Ag 2 A"and EtI 

(Mauzelius, B. 21, 1551). Oddish oil, insol. 
alkalis, v. sol. alcohol and ether. With NaO]:lt 
it gives Gli,.ONa(SO,Et)„ whence EtI giv^ 
butane disulphonic etheif ^ 

Ethane-tri-snlphonic acid 
CIL(S 0 ,H).CH(S 0 ,H) 2 . ‘ Ethenyl-trUsulphonic 
acid.' Formed by boiling tri-chloio-ethane 
(chloro-ethylene diohloride) with a saturated 
aqueous solution of neutral ammonium sulphite 
(Monari, B. 18,1346). Large hexagonal tables. 
V. sol. water and alcohol. Strongly acid. 

Salt s.—A"'Nag 4aq: large six-sided tables.— 
A"'(NH 4 ) 5 : large prisms.—A'' 2 Ba, 6 Jaq: octa¬ 
hedral crystals, somewhat sol. water. 

ETHANE-THIO-SaLPHONIC ACID 
C^Hj.SOa SH. Prepared by the action of K.S on 
ethane-sulphonic chloride (Spring, B.7,11*62). 

Ethyl ether C 2 H 5 .SOJ.SO 2 H 5 . Ethyl-di- 
sulphoxide. (130®-140®). S.G. 1*24. Prepared 
by the action of GjH.Br on the potassium salt 
(Otto, B. 16,122; 11, 2073). Formed also by 
heating mercaptan or Et.S 2 with nitric acid 
(S.G. 1*23) (Lowig a. Weidmann, A. 36, 843; 
Lukaschewitch, Z. 1868, 041). Oil, smelling of 
onions; volatile with steam; v. sol. alcohol and 
■ ether, insol. Itgroin. Further’ oxidation by 
HNOj converts it into ethane-sulphonic acid. 
Zinc and dilute H 2 SO 4 reduce it to mercaptan. 
Aqueous potash forms EtjSj, etbano sulphonio 
acid, and ethane sulphinic acid (Pauly a. Otto, 

B. 11. 2073). 

ETHENYL. The trivalent radicle CH,.CI 
Vinyl is the name given to the isomeric mono¬ 
valent radicle GH^-CH. 

£TH£NYL*AMIDIN£ v. Acbtamidine. 
ETHEKYI-AMIDO-BENZAMIDE v. OxY- 

METHTL-QUINAZOUNB. 

ETHENYL TRI-AMIDO-BENZENE 
C 4 H,(NH 2 )(N 2 HC. 2 H;,). The hydrochloride of 
this base B'H^Clj IJaq, formed by the action of 
HGl on its acetyl derivative, crystallises in easily 
soluble lustrous crystals. 

Acetyl derivative 

C 4 H,(NHAc)(N^ 02 H,) 2aq. [85°-00®] (above 
860°). From tri-amido-benzene and AC 2 O (SaU 
kowski a. Rudolph, B. 10, 1692). Geodes of 
prisms (from water); v. si. sol. cold water. 
EthenylHetra-amido-benzene CsHi^N^ i.e. 

O.H,(NHy,<^®>CM 8 [1:2:3;4]. Formed bj 

reduction of nitro-ethenyl-tri-amido-benzene. 
The free base ia at onoe oxidised bj the sir to 
brown bodies. With quinones it forms qninox- 
alines.—oolourless plates. The 
pierste forms sparingly soluble yellow needles 
(Nietzki a. Hagenbaeh, B, 20, 888 ). 

Si-ethenyl-tetra-amido-benxeue {.«. 

C. H,(<^>OMe), [1:2:3:4]. [210^. Long 
colourless needles (containing aq). V. eol. aloo- 



ETHBKTl^AMIDOXIBf. 


48; 


bol uid hot vai«r, si. sol. cold water, nearly ineol. 
ether. Formed by redaction ot di-nitro-di'acetyl- 
p.phenylene-dlamine with tin and HGL It is a 
very stable body and cannot be saponified. 

Salts.—B'^HgCljaq: colourless soluble crys* 
tals.—B"HjCl^tCl< 2aq: long yellow needles.— 
B''H,S 04 aq: colourless needles. — Ficrate 
B"C 4 H 3 (NOj),OH : yellow needles (Nietzki a. 
Hagenbaoh, B. 20, 329). 

Bi.ethenyl.tetra-amido.benzene i.e. 

C.ft,(<^>CMe), [1;2;4:6]. (above 860”). 

Colourless needles. Formed by reduction of di- 
aoetyl-di*nitro«m<phenylcne'diamine. 

# Salts.—B^'H^SO^*: colourless needles.— 
B^H-^CyPtCl^Aq: yellow needles (Nietzki a. 
Eagenbach, B. 20, 336). 

ETHENYL-DI.AMIBO.BENZOIC ACE) 

C.H,(00;H)<^jj^C.CH, [1:3:4]. Ethmyl-o- 

phenylene-diatninc carboxylic acid. [c. 302°]. 
Formed by reduction of w-nitro-p-acetamido- 
benzoic acid [221°], or of jp-nitro-w-acetaroido- 
benzoio acid [206°], with tin and acetic acid 
(Kaiser, JB. 18, 2944). White needles (contain¬ 
ing aq). y. sol. hot acetic acid, less sol. hot 
alcohol, nearly insol. ether, acetone, benzene, 
and chloroform. 

Salts.-—A'K : very soluble microscopic 
needles.—-A'II,HC1 Jaq: easily soluble fine white 
needles. — (A'H,HCl)^?tCl 4 2aq; thick yellow 
needles, sol. hot, si. sol. cold, water. 
ETHENYL-AMIDO-p-CEESOL 

[l I] C.H,(CH,)<;®>O.CH,. (219” unoor.). 

Formed by boiling the hydrochloride of amido- 
p-cresol with' acetic anhydride and sodium 
acetate (Nolting a. Kohn, B. 17, 361). Liquid. 
Sol. alcohol, ether, and aqueous acids, v. si. sol. 
water. 

Salts.—B'HCl* : very soluble white crystal¬ 
line pcftvder.—B'^H^CLPtCl,: yellow powder, sol. 
water and dcohol. 

ETHENYL-TRI-AMIDO-rl^-CITMENE v. 

AMmO-^l'-CUMYLRNE-ACETAMimNK. 

ETHENYL-TEI-AMIDO-NAPHTHALENE 
C,^„N, i.c. From 

the acetyl derivative of di-nitro-(a)-naphtbyl- 
amine by .eduction with tin and HCl (Meldola a. 
Streatfeild, 0. J. 61, 692). The free base is ex¬ 
tremely soluble in water, and is rapidly oxidised 
by exposure of its solution to the air. Aqueous 
solutions of its salts are oxidised by air. 

Salts.-B 'HjSO. ^q.-B'^ljCl, IJaq: stel- 
lato aggregates of tliick stumpy needles.— 
B''EL,Cl,4sq: long whits needles.—B''HjPtCl,— 
B"H 2 ZnCl, aq. " 

ETHEHTL.(a)-AMID0-(6)-lfAPflTH0I. 

CioH,<^q^O.CH,. Formed by heating aeetyl- 

(a)-amido-(8).naphthol C|.H,(NHAo)OBL— 
B'jHjCytCl, 2aq: yellow orystalline powder 
(Battcher, B. 16,1989; C. C. 1884, 898). 

ETHEira. - (oi-AMIDO - NASPHIHvt - MEK- 

OAPTA5 0„H..^>0.0H,. [96”] (J.). Formed, 

together with dioarbyl-amido-naphthyl mercap¬ 
tan, by heating aC6tyl-(«)-naphthylamin6 with 
sulphur (Holmaim, B. 20, 1800). Obtained by 
oxidation ot tho thioseetyl derivative ot (a)- 


naphthylamine C„H,.N:0(SH).CH, with potat 
sinm ferrioyanide; the yield is 60 p.o. of then 
retical (Jacobsen, S. 20,1898). Colourless pris 
matic crystals (from aleobol) (J.). Insol. water 
volatile with steam (H.). Gives phthalio acid 
when oxidised by KMnO, (Jacobsen, B. 21, 
2624). 

MKEKYI-AMIDO-PHENOI «. Aamo. 
FHBNOL, VOl. i. p. 170. 

ETHENTE-AMIDO-PHENYl, MEECAPIAK 
cans C.H,<^^C.CH,. (289”). 

FoTTmtion. —1. By heating o-amido-phenyl 
mercaptan with aldehyde, acetic anhydride, ace¬ 
tonitrile, or acetyl^hloride (Hofmann, B.18,21, 
1286).—2. By oxmtion of a cold dilute solution 
of thio-acctanilide in an excess of aqueous NaOH 
by means of KjFeCy,; the yield is 33 p.o. (Jacob¬ 
sen, B. 19,1072). 

^operiics.— Colourless oil. 

When an alkylo-iodide of this base is mixed 
with analkylo'iodideof methenyl-o-amido-phenyl 
mercaptan, and the aqueous solution boiled with 
NII 3 , colouring-matters are obtained analogous to 
the cyamines (v. Mrtrentl-o-amidO'Puknyl-uer- 
caftan). In this and other respects the base 
shows considerable analogy with mcthyl-quinol- 
ine (Hofmann, B. 20,2262). Phthalio anhydride 
and ZnCl, at 190° give rise to the compound 

C,H,<g^C.CH:(CA);CA [above 320”] (Jacob- 
sen, B. 21, 2624). 

Salt.—B’,,H,PtCl,: needles or prisms. 

ETHEMYL-TEI-AMIDO-TOLXrENE 

C.H,(CH,)(Niy<™>O.CH. [1:6:3:4]. (o. 

100 ”]. 

Preparation. —Di-nitro-acetyl-p-toluidine (1 
pt.) is reduced with tin (5 pts.) and cone. HCl 
(10 pts.) and boiled for five or six hours; on con¬ 
centration of the solution the hydrochloride 
crystallises out. 

Properties. —Transparent raonoclinic crystals 
(containing aq), a:6:c-l’5ftll?:l:0*8216. "V. sol. 
hot water and alcohol, si. sol. ether and benzene, 
nearly insol. cold water. 

Acetyl derivative 

C«H.,Me(NHAc).N 2 HC.,H,: [166°]; while con¬ 
centric needles. Formed by the action of acetic 
anhydride upon ethenyl-tri-amido-toluene, or 
upon _p-acetyl-tri-amido*toluGne. By boiling 
with oonc. HCl it is converted* into ethenyl-tri- 
amido-toluene (Niementowski, B. 19, 719). 

ETHENYL-AMIDO-TOLYL MERCAPTAH 

C,H,(CH,)<g^C.CH,. Prepared by heating 

p-amido-m-tolyl mercaptan with acetic anhy¬ 
dride.—(B'HCl),PtCl, (Hess, B. 14, 493). 

ETHENYl-AMIDOXIM CAN,0 i.e. 
OH,.0(NH,):NOH. Acetamidoxim. [136”]. Long, 
pointed crystals. V. sol. water and alcohol. FejCl^ 
■gives a deep-red colour. On warming with water 
it doeompoaes into hydvpxylamine and acetamide. 
The hydrochloride (B'HCl) is prepared by the ac¬ 
tion of hydroxylamine on acetonitrile in aqueous 
alcoholic solution at 30”-.40”. It orystallisea in 
white glistening scales [140”]! v. sol. water and 
alcohol, insol. ether, benzene, and ligroSn. 
With NaNO, it yields acetamide and N,0. 
With OnSO, and NBf, it gives a hliiuih.grM 
py. of thq formula 0,H,NaOCu(OH)* 
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Benivl tthtr CH,.C(NH.):N(OCH,Ph): 
oil; liquid; v. sol. Sloohiol, ether end 
benzene, neerly insol. water. Its hydrochloride 
(B'HOI) forma silky white soeles [163‘’1, v. sol. 
water and alcohol (Nordmann, B. 17,2740). 
EIHBKYL . AJtIDO -XYLYI - MEECAPTAlf 

0,H,Me,<^g^CMo. Oil. .From thio-acetyl-iyli- 

dine and alkaline E,FeOy, (Gndeman, B. 21, 
2549). 

ETHENTh-AZOXlU v. Azozms. 
EIHENYL-BKOMO - (ofl) - K APHTH YLEKE- 
DIAIQNE 0. BBOMo-Exiii;KTi.-!(ieHiinLESK- 

OUHINE. 

TEI.ETHEKYL.B1ITYE^ ACID «. Deconoio 
scin. 

. ETHENYL THIOAKBOXYIIC ACID o. 

EIBANE IBIClEBOnUO ACID. 

ETHEHYL -THI - METHYLENE - DIAMINE 
C,H„N,i.e.CH,<p^™^CMe. bbtained as 

hydrochloride on treating tri methyleno-diainine 
hydrate with Ao,0, distilling oft HOAc and 
wanning in an atmosphere of HCl (Hofmann, B. 
21,2836). The base is a brown oil. 

Salts.—B'^H^PtCl,: large rhombic crystals, 
?. sol. water.—B^HCl-AuClj: needles. 

ETHENYI - (1:2) - HAPHTHYLENE . DI. 

AMINE Naphthykm- 

acetamidine. Formed by reduction of the 
acetyl derivative of (l;2)-mtro*(o).naphthyl* 
unine with tin and HCl (Lellmann a. Bcmy, B» 
19, T99). Formed also by reducing bromo* 
ethenyl-naphthylene-diamine [229®] in alcoholic 
solution by sodium amalgam (Prager, B. 18, 
2161), and by reducing acetyl-nitro-(/3)-naph- 
thylamine with SnClj (Jacobsen, B. 14, 1794). 

Salts.—B'HCl: small soluble colourless 
needles.—B'jH^Cl^PtCl,: yellow crystalline pp.— 
B'^804:C269®];whitepowder.—B'C,Hj(N02)a0H: 
[242®]: small yellow needles or plates. 

ETHENYL-TSI-FHESOli v, Tni-oxv-TBi- 
raZNTL'B'IBANE. 

XTH£inri..DZ-FH£KYL-AHII)INE v. Di- 

rHSNZZrACBT&Un>IN£. 

BTEENYL.PEENYI-AMIDOXIH 
CH,.C{NHPh):NOH. EtJienyl-anilidoxiin. [121®]. 
Formed by beating ethenyl-amidoxim with aniline 
(Nordmann, B. 17,2752). Large yellow glisten* 
ing plates. Sol. alcohol, ether, benzene, and 
hot water, nearly insol. cold water. I'e^Cl^ 
colours it deep-violet to olive-green. 

ErHEinX-DI-PHENyL-DIAMINE v. Di. 

PBwrrtrAciTiiniiwE. 

XT^HTL-PSEirYLEKE BIAUIKE 

OANiuC,H,<^®>C.CH,. [170»] (H.); 

[176®] (L.).Formed by reducing acetyl-o-nitro- 
apilin» or its bromo- aerlvative with zinc and 
acetic acid (Hiibner, A. 209, 852; B. 8, 
471). Formed also by boiXngo-phenylene-diamtne 
wiu glacial acetic acid (Ladenburg, B. 8, ^7), 
Needles or leaflets. — The hydrochloride, 
sulphate and nitrate form colourless needles. 
-B%C1, and B'HNO,.— 

B";ayPiCl,*aq. 

Xthsuyl-phenylese-diamine oarboxylle acid 
9, XtBiaiXrU-AlIXOO-BSSiSmO SOD. 


ETHEHYL-PEOPYLENB DIAMINE 

CjHj^jJl^CMe. From di-aoetyl-propyleas* 

diamine by heating a current of dry HCl (Hof* 
mann, B. 21, 2332).—B'JljPtCl,: trimetrie 
crystals, extremely sol. water.—B'HAuCl 4 : small 
needles. 

ETHENYL-TKI-SULPHONIC ACID v. 
Bthane-tri-btophonio acid. 

ETHENYI-TOLYIENE-o-DIAMINE 

OflHjMec^^^^C.CHj. [199°]. Formed with 
eliinination of AcOEt and RjO, by heating 
tolylene-o-diamino with aceto-acetic ether 
(Ladenburg a. Bugheimor, B. 12, 9.')1; Witt, B. 
19, 2977). It givesa nitfh- derivative [202®]. 

ETHER C,H,oO i.e. Et^O. Di-ethyl oxide^ 
Elhylether. Sulphuric ether. [-117®] (Ols- 
zewsky, M.S, 128). Mol. w. 74. (34-6®) (Schiff, 
A. 220, 832). S.G. -^-7157 (Bruhl); ^*7201; 

-7099 (Perkin, C. J. 45,474). S. 8’3 at 17-5®. 
S.V. 106-4 (Ramsay); 106-24 (S.); 106-1 (P.). 
C.E. (0®-10®) -00152 (Dobriner, A. 243,20). M.M. 
4-777 at 20® (P.). 1-3572 (B.; cf. Oude- 

mans jun. R. T. C. 4, 269). 35-53 (B.). 

H.F.p. 70,010 (TA); 53,000 (Berthclot). H.F.v. 
67,430 (TA). 

Crilical temperature 194° (Ramsay a. Young, 
Pr. 40, 381; P. M. [5] 24,196). 

Effect of dissolved substances oil the vapour 
pressureof ether : Eaonlt, C. R. 104, 976. 

Coeffeient of Compressibility -000183 at 21-5° 
(Isambort, C. R. 105,375). 

Formation.-—!. From alcohol by treatment 
with HjSO, (Valerius Cordius, a.d. 1540; 
Frobenius; Valentin Rose, Scher. J. 4, 253; 
SausBuro, X. Gh. 89, 273; Dumas a. Boullay, 
A. Ch. [2] 36, 294). Formed also from alcohol 
by treatment with phosphoric acid (Boullay, 
A. Ch. 62,192), with arsenic acid (Boullaj-, A. Ch. 
78, 281), with BF, (l)csfosses, A. Ch. [21 16, 
72), with ZnCIj (Masson, A. 31, 63) or with 
SnClq (Kuhlmann, A. 33, 97, 192).—2.'By the 
action of ethyl iodide (bromide, or chloride) on 
sodium (or potassium) ethylate (Williamson, 
C. J. 4,106).- -3.FromEtIanddryAg.D.—4. By 
heating alcohol with EtBr or Eti at 200® 
(Reynoso, A. Ch. [3] 48, 385).—5. By heating 
EtBr or EtI with water at 150®-20l)® (R.).— 
C. By heating alcohol with IlCl, llBr, III, or 
chlorides of Mn, Co, Ni, Cd, Zn, Srf, Fe", Hg", 
Ca, Sr, &o. In the case of CaCL a temperature 
of 300® is required (Berthclot, A. 83, 104). 
Hglj and SiF< also etherify (R.).—7. Alcohol is 
also etherified by heating with the sulphates of 
Mg, Zn, Cd, Fe", Co, Al, and with alums 
(Reynoso).—8. By boating Eti with NajO at 
180® (Greene, C. R. 86, 1141).—9. By heating 
alcohol witji Et.^S 04 (Erlenmeyer, A. 142,873). 

Preparation. —A mixture of alcohol of 90p.o. 
(5 pts.) and cone. H^SO^ (9 pts.) is boiled, and 
alcohol (80 pts.) is allowed to run in continu¬ 
ously through a tube, dipping under the sur¬ 
face of the liquid at such a rate that the liquid 
boils constantlv at 140® (Boullay, J. Ph. 1,97). 
The distillate ^separates into two layers, the 
upper consisting of ether containing alcohol aitd 
water in solution, the lower of water containing 
alcohol and ether in solution; but towards the 
latter part of the distillation, when the sulphurie 
acid has become weaker, more alcohol paesea 
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over anolianged, and the separation of the other 
DO longer takes place. The ether is freed from 
sulphnrons and aeetio acids by agitation with 
milk lime, and is finally rectified. The yield 
is about 90p.o. of the theoretical. The amount 
of olefiant gas forinod during the process may 
be very greatly diminished by keeping the mix* 
ture at 180° instead of 140° (Soubeiran, J, Ph. 
[3] 16,821). Ether may be freed from traces of 
alcohol and water by fused calcium chloride; or 
it may be shaken several times with Water, and 
finally dried over quicklime. 

Prcmerties.—Colourless, very mobile liquid, 
with characteristic odour and burning taste. 
Very inflammable, bhrning with a luminous 
flame; its vapour forms an explosive mixture 
with air. When inhaled it produces insensi¬ 
bility. 36 pts. of ether dissolve 1 pt. of water. 
It mixes with alcohol, CS^, chloroform, acetone, 
and many essential oils; in the latter case 
presence of water or alcohol is indicated by 
turbidity (Blanchot, A. 7,157). Wet ether gives 
turbidity with CSg. It dissolves iodine and 
bromine and small quantities of sulphur and 
phosphorus. It also dissolves AuClj, Fe^Cl„, 
IlgCl,, Hg(NO,)j, fats, resins, and many other 
organic bodies. Strong aqueous HCl dissolves 
ether with evolution of heat, apparently forming 
an unstable compound. By rapidly evaporating 
wet ether Tanret (C. R. 86,765) obtained a oryo- 
hydrate 0«H,(,02aq [-3*5°3* 

Reactio7is.—l, The vapour of other passed 
through a red-hot tuba produces C^H^, water, 
CO, and aldehyde.--2. When a mixture of ether- 
vapour and air comes in contact with platinum 
black, heated ^platinum-sponge, or other bodies 
heated not quite to redness, it undergoes slow 
and imperfect combustion, emitting a pale light, 
and forming aldehyde, acetic, and formic acids, 
CO 2 , water, &c. Oxidised by a red-hot platinum 
spiral it gives formic acid, acetic acid, aldehyde, 
acetal,*formio aldehyde and trimetrio prisms of 
CjjHjjOj, [61°]. These prisms are soluble in 
water, alcohol, ether, or chloroform, and arc de¬ 
composed by alkalis into formio aldehyde and 
formic acid. The compound liberates I from KI 
solution, and reduces PbOjtand appears, therefore, 
to be a derivative of H^O, (Legler, A. 217,381).— 
3. Dry ozonised oxygen acts violently, forming 
aoctio acid, oxalic acid, H^O}, and a little formio 
acid (A. W. Wright, Am. 8. [3] 7,184). Accord- 
ing to Berthelot {Bl. [2] 36, 72) syrupy EtjO, is 
formed in this reaction.— i. Sulphuric acid at 
120° forms ethyl-sulphuric acid EtHS 04 . When 
ether is boiled with sulphuric acid the tempera¬ 
ture rises from 130° to 180°; SO 3 and EtjSO^ 
pass over while isethionio acid, ethionio acid, 
do., remain in the retort.— 6 . Thg product of 
the action of SO, separates into an aqueous and 
a brown ethereal layer. The former contains 
ethionio acid, which, on boiling, changes to 
isethionio acid. The latter consists of di-ethyl 
sulphate (84 p.o.), ethyl ethionate (12 p.o.), and 
ethyl metnionate 0^fS0,Et)a(4p.o.) (B.Hfibner, 
A. 228, 207). The reaction* fcay perhaps be 
represented as follows:— 

Et,0 + S0,-80,(0Et),; 

SO,(OBt),+ 8 SO,- _ 

HaSOrO.O,H 4 .SO,.OH + SO,H.OH:OH.SO,H; 

BO,{OEt),+^0^^ t SP.H.OH:CfH.SO,a; 
Via. n. i . 


S0.H.0H;0H.S0iH+H,0 

-SO,H.CH,.CH,O.SO,H; 
SO,H.0H,.CHjO.8O^+2SO, 

- CH,(SO,H),+2SO,+ CO, + H,0. 
6 . Hot nitric acid forms CO,, acetic acid, and 
'oxalic acid. CrO, also oxi^ses it to acetic 
acid.—7. HCl gas forms ethyl chloride.— 8 . Dry 
chlorine forms di*, totra-, and deca-, ohloro-di- 
ethyl oxides, aldehyde, chloral, EtCl, do. In 
presence of water acetio acid and other products 
of oxidation are formed.—9. A solution of 
bromine in ether becomes colourless after a few 
days, EtBr, bromal, and other products being 
formed. According to Sobiitzenbergor (C. R. 
76, 1511) a mixture of bromine and ether 
deposits in a freezing mixture crystals of 
(Et, 0 ) 2 Br, [ 0 . 22°]. Iodine acts but slightly 0 ^ 
ether.—10. Sodium does not act on pure ether.— 
11. Heated soda-Ume forms KajCO.,, hydrogen, 
and GH 4 .-VI 2 . Bed-hot zinc-dust forms 
water, and hydrogen (Jahn, M. 1, 676). 

Combinations. —Et.OSnCl^: volatile plates, 
sol. other, decomposed by water (Kuhlmann, A. 
33,106, 192 ; Lewy, J.pr. 36,146).—SnBrfEtjO.— 
EtpSbCl,: [69°]; crystalline hygroscopic powder, 
sol. alcohol and ether, decomposed by water and 
by fusion (Williams, B. 9,1135).—SbBr,Et,0.— 
SbBr 32 Et 20 (NickUs, C. R. 52, 896).— 
BiBr3Et202aq:deliquescentprism8.—EtjOAsBr,. 
—EtpTiCl,. [42°-46°]. (119°). Decomposed by 
water (Bodson, 0. J. 29. 309).—(Et20),(TiCL)a 
(B.).—(Et20)2(PCl,)3. White plates, formed by 
dissolving PCI, in dry ether. Violently decom¬ 
posed by water, giving ethyl-phosphoric acid, but 
no ether (Liebermann a. Landshoff, B. 13,690).— 
BeCl22Et20 (Atterberg, B. 9, 856).—HgBr,3Bt,0 
(NickWs, C. B. 62, 869). - Al,Br,2Et,0. — 
TlCl,EtjOHCl aq.—TIBrjiptjO (Nicklds, 0, B. 
68,637).—VdOCI,Et20. [below 20°]. Lustrous 
green crystals (Bedson, C. J. 29, 309). 

Hydroiodide (Et 20 ) 2 HI. An oilformedby 
direct combination of ether and HI (Messinger 
a. Engels, B. 21, 327). Insol. ether. Decom¬ 
posed by EOH into ether an^Kl, and by water 
into ether, HI, and EtI. 

Hydrobromide (Et 20 ) 2 HBr. Oil. Simi¬ 
lar to the hydroiodide. 

References. —Awmo-, Bbomo-, and Cblobo-, 

ni-ETHYL OXIDE. 

EXHERIFICATION. The formation of ethers. 
In the most general sense etherification means 
the displacement by an alkyl‘‘of hydrogen at¬ 
tached to oxygen (or to a halogen in the case of 
HCl, HBr, and HI). In the narrowest sense it 
is applied to the making of common ether. The 
reactions underlying the coi^inuous manufac¬ 
ture of ether maybe taken atypical of all oases 
of etberifloation. Alcohol was at one time re¬ 
garded as the hydrate of ether, so that in the 
manufacture of ether the sulphuric acid merely 
abstracted a molecule of water from each mede- 
cule of ether. It was pointed out by MiUober- 
lioh that ether and wat^ distil over in equivalent, 
prbportioas (4 pts. of ether to 1 pt. of water), so 
that the sulphuric acid must be supposed fint 
to take the water from the alcohol and then to 
give it op again. Mitsoherlich and Berzehiis 
therefore said that the sulphurio acid noted 
* oatalytically.* Liebig [A» 28,89; 80,129) then 
pointed out that on mixing alcohol and caloric 
acid hydrogen ethyl sulphate is formed, but 
^ H H 
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00 distilling the mixture the quantity of 
hydrogen ethyl sulphate constantly diminishes 
as the ether passes over, and he concluded 
tiiat the hydrogen ethyl sulphate must take part 
in the formation of ether. He assumed the first^ 
reaction to consist in the formation of hydrogen^ 
ethyl sulphate from alcolfol and sulphuric acid, 
and that at 120^-140'^ that body was split up 
into ether, hydrogen sulphate, and SO,, the SO, 
then nnit^g with the water formed in the first 
reaction. TOen, however, hydrogen ethyl sul* 
phate is heated alone it gives alcohol and not 
ether, although, when heated with alcohol, it 
does give ether. Williamson (G. J. 4, 106, 
229; i. 77. 87; 81, 73; il. Ck [3] 40, 98), 
while adopting the first of Liebig’s equations, 
showed that the second reaction consisted in 
the decomposition of hydrogen ethyl sulphate 
'tfj alcohol. At the same time, Williamson 
doubled the formula then ascribed^ ether for 
several reasons: 

(1) To bring it in accordance with Avogadro’s 
Law. 

(2) The difference between the boiling-points 
of alcohol and of ether (44'^) is exactly that 
nsnally found between an acid and its ethyl 
salt. 

(3) By the same methods used in preparing 
ordinary ether it is possible to prepare mixed 
ethers, such as methyl ethyl oxide MeOEt, and 
the boiling-points of these ethers areintermediate 
between & 08 e of the two corresponding simple 
ethers. 

(4) There are other reasons for doubling the 
atomic weight of oxygen. 

The two equations proposed by Williamson, 
and now nniversaliy adopted, are 

(1) Eton +H,SO,» EtHSO, + H,0 

(2) BtHSO,+EtOH *= Et,0 -t- H,SO,, 

That ether is alcohol in which an atom of hy¬ 
drogen has been displaced by ethyl would appear 
probable from its formation according to the 
eqnations , 

EtOH-fK=EtOK+H 
EtOE+EtI«EtOEt-KKI (Williamson). 
Tbe etherification of an acid by means of alcohol 
and HsSOi probably takes place for the most 
part according to such equations as 

EtOH HoSO,=EtHSO, + H,0 ' 

BtHSO. + HbAc * EtOAc + H,SO,. | 

Etherification by alcohol and HCl being repre¬ 
sented ^UB: 

EtOH+HCl-EtCUH,0 
2EtCl + 0,B^04-Et,0,H^04+2HC1. 

STHEB8. Ethers may be simple, mixed, or 
compound. Simple ethers are oxides of mono¬ 
valent alkyls; the oxides of divalent ra<lic1es, 
such as ethylene, are not usually classed as 
ethers. A mixed oxide of two monovalent 
alkyls, such as MeOEt, is called a mixed ether. 
A compound ether (or ester) is a hydrogen salt 
in whi<^ the typical hy^ogen has been dis¬ 
placed by an idkyl, andmay therefore be regarded 
as an aliyl salt of an acid. 

Properties of simple and mixed ethen. 
The simple and mixed ethers in general re¬ 
semble ordinary ether in their properties. They 
are insol water, and are not decomposed by 
ammonia, alkalis, sodium, dilate acids, P|0„ or 
cold PC1|. Cono. HjSO, and BO, decompose 
them (e. Etbip). Kitrie acid oxidises them to 


the acids oormsponding to the alkyls. If one 
of the alkyls is benzyl, this becomes benzoic 
aldehyde (Errera, 0. 17, 198). HI forms an 
alcohol and an alkyl iodide; if one of the alkyls 
is methyl, the iodide is methyl iodide (Silva, 
C. B. 81, 823), Aluminium and iodine produce 
alkyl iodide, and aluminium iodoalkylate (Glad¬ 
stone a. Tribe, 0. J. 80, 867). Chlorine pro¬ 
duces products of substitution. 

Pormetion of compound ethers. When an 
alcohol is heated with an equivalent quantity of 
an acid, a reaction such as: 

EtOH -I- HOAo » EtOAo+HjO 
ooouTs; but as soon as the products of the re¬ 
action are formed they begin to react in an 
inverse sense: 

EtOAo -v HjO •• EtOH -j- HOAo. 

Thus, these two reactions occurring simultane¬ 
ously an equilibrium is ultimately set up (Ber- 
thclot a. P^an de Saint-Gilles, C. B, 63,474; 55, 
39, 210, 824; 85, 883; A. Ch. [3] 68 , 225). 
When molecular mixtures of glacial acetic acid 
and alcohols are heated to 154^^ the percentage 
of acid etheriiied at the end of the first hour is 
called by Menschutkin the initial velocity of 
etherification, while the percentage etherified at 
the end of 120 hours is called the final limit of 
etherification. 

The initial velocity is 65’C for methyl alcohol, 
46*7 for ethyl, propyl, and »-butyl alcohols, 44*9 
for isobntyl alcohol, 36’1 for allyl alcohol, 88 0 
for benzyl alcohol, 26‘6 for isopropyl alcohol, 
22-6 for scc-butyl alcohol, 10*6 for di-allyl car- 
binol, 1’4 for ^f-butyl alcohol, and 1’6 for 
phenol. It will be seen that the initial velocity 
is greatest for primary and least for tertiary 
alcohols, while unsaturated alcohols etberify 
more slowly than saturated alcohols. 

The final limit is 69*6 for methyl alcohol, 
about 66-8 for ethyl, propyl, butyl, and isobutyl 
alcohols, about 60 for allyl, benzyl, apd see- 
butyl alcohols, 10 for di-allyl carbinol, and 8*6 
for phenol. The limit therefore follows in the 
main the same variation as the initial velocity, 
although in the case of primary and secondary 
alcohols the changes are less marked. 

When the rate of etherification of various 
acids by the same alcohol (isobutyl alcohol was 
used) is examined it is found that the limit is 
fairly constant at 67 to 74, while 'the initial 
velocity varies from 44*4 for acetic acid to 3*6 
for di-mothyl-ethyl-acetio acid. Here also the 
normal compounds show ^eatest rapidity of 
etherification. Formic acid shows a greater 
initial velocity (61*7) and a lower limit (641 than 
any other organic acid (Menschutkin, Bl, [2] 34, 
87). In the etherification of alcohols by Ac.O 
' the greatesitvriooity is shown by methyl alcohol, 
but in most oases the reaction is ultimately com¬ 
plete (Menschutkin, C. B, 105,1016; o. vol. i. 
p. 787). 

Preparation of compound etkeri.—l. Vola¬ 
tile ethers are prepared by distilling a mixture 
of the alcohol, the acid (or a salt of the acid), 
and ^ 804 .— 2 . *^on-volatile ethers are prepared 
^ by passing HOI into a solution of the add in 
alcohol.— 8 . The ethers may be prepared by 
treating the silver salt of the add with ethyl 
iodide, and ibis reaction may b« resorted to when 
neith» of the preceding is available.—4. By dis¬ 
tilling the potMsiom salt of an acid with |^tai- 
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tium alkyl sulpbate.~5. By treating the alcohol 
with the chloride or anhydride of the acid.—6. By 
the action of HGl or BLSO4 on a solution of the 
nitrile in an alcohol (Beckarts a. Otto, C. 0. 
1877, 6).—7. According to Veiel (A. 148,160) 
compound ethors are formed by the oxidation 
of fatty acids byMnO, and diluto sulphuric acid. 
Thus, butyric acid u said to give propyl baty* 
rate. 

Properties of compound ethers.—7he com* 
pound ethers are almost all insol. water, but are 
partially saponified by heating therewith ; tliey 
are saponified by heating with alkalis or alkaline 
earths, and by HCl or«dilute Ammonia 

splits up compound ethers derived from organio 
acids into the amide and an alcohol. When a 
compound ether is heated with an alcohol an in¬ 
terchange of alkyls may take place; thus, ethyl 
acetate and amyl alcohol yield amyl acetate, 
ethyl amyl oxide, and water (Friedel a. Grafts, 
A. 130, 198; 131, 55). Compound ethers are 
split up by heating with dry HBr at 100°, form¬ 
ing alkyl bromide and free acid (Gal, C. li. 59, 
1049). Aluminium and iodine react upon com¬ 
pound ethers of the fatty series, forming an alkyl 
iodide and aluminium salt (Gladstone a. Tribe, 
C. «r. 80, 357). Compound ethers unite with 
titanium chloride, forming such compounds as 
EtOAc(TiCl4)„ EtOAcTiCl,, and (EtOAc)2TiCl4 
(Demar<?ay, £1. [2] 20,127; C. B. 76,1414). 

Acid ethers. When in polyhydrio acids a 
part only of the typical hydrogen has been dis¬ 
placed by alkyls the resulting acid ether is 
usually very soluble in water, and readily saponi¬ 
fied by boiling therewith. 

References*—THie particular characters of 
each group of compound ethers may be gathered 
by reference to the articles on the ethyl salts of 
the acids, e.g. Ethyl dbomide. Ethyl chlobide, 
Ethyl perchlorate, Ethyl iodide. Ethyl ni¬ 
trate, Ethyl nitrite, Di-ltiiyl selrnidb, Ethyl 
H iLiCATK, Ethyl sulphate, Di-ethyl sulphide. 
Ethyl sulphite. Ethyl thiosulphate, dso. 

£TH1N£ or ETHINENE v. Acetylene. 

ETHINE-DI-PHTHAIYL v. Di-phthalyl- 
ethane. 

ETHIONIC ACID C^H.SjO, t.«. 
S0,H.CHj.CH2.0,S0,H. 

FormoMon.—l. By saturating anhydrous al¬ 
cohol or ether with SO, and diluting with water 
(Magnus, P. 27, 378; 47, 514; Marchand, P. 
32, 466).—2. Its mono-chloride is formed along 
with ClSOj-OEt by action of ClSOaOH upon 
ethylene: (a) Cl.S020H + C2H4»Cl.S020c4l4; 
and then follows (b) CLSOj-OH + ClSOjOEt 
« HCl + 0 jH 4(S02.0H)(0.S02C1) (Claesson, J.pr. 
[2] 19, 256).—8. From EtB©^ and SO, (Hubner, 
A. 223, 203).—4. By the action of H2SO4 on 
isethionic acid SO3H.GH3.GH2OH in the cold 
(Erlenmeyer a. Carl, N* Rep. P?Mim. 23,428). 

Properties.—Only known in solution, for on 
evaporation it splits up into £[3804 and iseihio- 
nio acid. 

Salt 8.—K,A"4 aq; cryflt»lline.—Ka,A" aq. 
-BaA^'aq. S. 10 at 20®. 

CH,.O.SO, 

Anhydrids I \. [80®]. Carbyl 

$idp}iate. Obtuned by direct union of ethylene 
with SOj; formed also by exposing alcohol to 
the Tiipour SO, (Segnault, 4* 65. 0S» 


Magnus, P. 47, 609). Deliquescent crystals j 
dissolves in water forming ethionio acid* 
Isethionic acid v. Isethionic acid. 
DIETHOXALIC ACIO v. Ozy-hexoio Aon>. 

. ETHOXY. COHFOBNBS t;, the ethyl ethers 
of OXY' COMPOUNDS. 

EXHOXY-OXALYL CHLOBIDE 0. Chloro- 
olyoxylio ether. 

ETHYL. The radicle CjH, or CH,.CHj. The 
ethyl derivatives of hydroxylio compounds are 
described under the compounds from which 
they are derived. 

Bi-ethyl t>. Butane. 

DI-ETHYL-ACETAL v. Acetal. 
DI-ETHYL-ACEtAMIDIHE CgH^N, i.e, 
CH,.C(NHEt):NEt. (0. 167®). From ethyl- 
acetamide and PCI, the resulting oily base 
CgHijClNj being subsequently warmed with solid 
KOH (Wall^oh a. Hoffmann, B. 8, 313; A. 184, 
108). Syrup, miscible with water, alcohol and 
ether. Strongly alkaline. Precipitates most 
metallic salts and dissolves recently ppd. alu¬ 
mina. Boiling alkalis split it up into acetic 
acid and ethylamine. 

ETHYL-ACETAMIBE v. AcefyZ-ETHTL- 
amine. 

ETHYL-ACETANILIDE v. Acetyl-ETHYL* 
aniline. 

ETHYL ACETATE v. vol. i. p. 14. 
BI-ETHYL-AGETXC ACID v. Hexoio Aon>. 
Ethyl-diacetic aoid v. ethyl aoeto-acstate, 
vol. i. p. 17. 

ETHYl-AOETO-ACETIC ACID u. vol. i. 

p. 28. 

ETHYL-DUCETONAMINE v. vol. i, p. 28. 
ETHYL-ACETO-NITEANUIOE v. AcetyU 
Nitbo-ethtl-aniline. 

DI-ETHYL-ACETOPHENOHE r. Phenyl 

AMYL KETONE. 

ETHYL-ACETO-PEOPIONIC ACID v, 
Acetyl-m-mo-valebic acid. 

ETHYL - ACETO - SDCCIHIC ETHEB v, 
Acetyl-bthyl-succinio ether? 

ETHYL-DI.ACETYL.AGETIC ETHEB v. 
vol. i. p. 23. 

ETHYL-ACETYL-ACETOKE v. Dimethyl 

PROPYLENE DIKBTONE. 

DI-ETHYL-ACETTL-ACETONE v. Dz-mbihtl 

AMYLENE DISSTONE. 

ETHYL-ACETYLENE v. Butinene. 
ETHYL-ACETYLENE-TETBA-CABBOXYXIO 
ACID V. Butane tetba-oabboxyuo btiiek. 

ETHYL..SSCDLETIC ACID t>. Ethyl deru 
vati ve of iB scuLETio acid. 

ETHYL ALCOHOL v. Alcohol. Derivatives 
are described as Bromo-ethyl al<x>eol, Cblobo- 

ETHYL ALCOHOL, & 0 . 

TEI-EXHYL-ALCAMINE V. OXY-XBI-BTHYL- 
AMINE._ 

E THYL ALDEHYDE v. Aldehyde. 
ETKYL-ALLYL v. Amylenb. 
TETEA-ETHTL-ALJ.YL.ALCINE 9 , Tetba* 

STKYL-OXY-PBOPYLEKX-DIAMZNS. 

ETHn,.AU.YI.iMUra T0^J(0,H.)NH. 
(85°). Colourless umnoniaoul lifuid. uisciblo 
with water. Prepared by the aotion ol ethyl 
iodide on allyiamme. 

Salts.—B'EOl: small deliquesoent plates. 
—B',H,0LPt01,: orange needlei [a. IM®].— 
B'HOli’tra,: yellow needles [220°], (oimed by 
boUing us preceding salt with water. 

bb2 
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tftbles v. e. sol. water, insol. alcohol 
and ether. The aoid oxalate forms sparingly 
soluble ooloorless plates (Binne, A. 168, 261; 
Liebermann a. Paah B. 16,525). 

Di-ethyl-allyUmine (C^,),(0;a,)N. (111®).^ 
8. 6 at 18^. Colourless liquid. Its aqueous 
Bolution becomes turbid oli wanning. Prepared 
by the action of ethyl iodide on allyl-amine 
(Binne, A. 168, 265). 

BaU 8 .~B'^ 2 Gi^ 01 t: large orange crystals 



(Liebermann a. Paai, B. 16, 520).—B'HCl: very 
soluble crystals. 

Ethylo-bromide (Csffi) 3 (CsHs)NBr. ZV't- 
ethyl’allyl-ammonium bromide. From tri- 
ethylamine and allyl bromido (Beboul, C. B. 92, 
1464). Deliquescent crystals. Split up on dis¬ 
tillation into allyl bromide, ethyl bromide, tri- 
ethylamine, diethylamino, ethylene,^-tri-bromo- 
ethane, and, probably, allylamine. From it may 
be prepared (C^j),(C 3 BJNCl and the platmo- 
chloride {(O^J,(CgHj)NClj|PtCl„ both crystal- 
line. 

ETHYL-AILYI.ANILINE CnH.jN U 
NPhEtiC^HO- (c. 223°). From allyl-anilino 
and EtI (Schiff, A, Suppl. 3, 364). Thick oil.— 
B'GjHjO^: spherical groups of small needles (from 
water). 

ETHYL-DI-AILYL-CAEBINOL v. Ennikxl 

ALCOHOL. 

Bi-etiiyl-allyl-carbinol v. Octentl alcohol. 

BTHYL-ALLYL-CYANAMIDE C.H.oN, i.e. 
CN.NEt(C,H 3 ). [100°]. From ethyl-allyl-thio- 
urea, Pb(OH)j, and KOH (Hinterberger, A. 8.3, 
848). Needles (from ether). Insol. water, sol. i 
alcohol and ether. Tastes bitter.—B'alHgClj),.— 
B'jHjPtCl,. 

ETHYL ALLYL OXIDE C,H„0 i.e. 
C.H 3 .O.C 1 H 3 . Ethyl-allyl ether. Mol. w. 86 . 
(67°). 8 .G.^ *7661.^8 1*3939. Rqo «42-2. Cnti- 
cal temperature 245° (Fawlewsky, B. 16, 2634). 
From allyl bromide and NaOEt, allylene being 
also formed (Bnihl, A. 200,178; cf. Berthelot a. 
De Luca, A. Ch. [3] 48, 292; Gaboura a. Hof¬ 
mann, A. 102, 290). Formed also by treating 
ethyl di-bromo-allyl oxide CJI^.O.CHBr.CHaBr 
with sodium amalgam (Morkowuikol!, Z. 1865, 
554). Combines with oblorino and bromine, but 
is not reduced by sodium amalgam. ClOHforma 
a compound C,H.Cl{OH)(OEt) (184°). 

EXiiyL-ALLYL.to0.trEEA C.H.jNjS *.«. 
KHEt.CS.KHC,H 3 . From allyl thiocarbimide 
and ethylamine (Hinterberger, A, 83, 346; 
Weltzien, A. 94, 103), Syrup.-B'jH^PtCl,.-. 
BHI. 

Di-ethyl-allyl-thio-urea C^H^NgS ix, 
NEtyCS,NHO,Hj. (55°]. Long prisms or nee¬ 
dles. V. sol. alcohol and benzene, si. sol. ligroin, 
insoL water. Formed by combination of allyl 
ihiooarbimido end di-ethyl-amine (Gohhardt, B. 
17,8038). 

ETHYL - ALLY! - TOEA 0,11,jN^O , i.e. 
KH£t.CO.NHG^ 3 . From ethylamine and allyl 
oyanate. Prisms (Cahouis a. Hofmann, A. 102, 
800)._ 

jBTEYL-AIIABIHZ V* Bshzoio albshtoz, 

AHirOKXA DSBITATZTES OF. 

ETEYL-AMXDO-ACETIO ACID U 

NHEt.OHyCO,H. Ethvl - glyeocolL Ethyl 
glycocim* £^)OTe 160°]. nepaied by prolong^ 


boiling of ohloro-aoetio aoid with ethylamio* 
(Eeintz, A. 129, 27; 132, 1). Indistinct deli¬ 
quescent lamina (from alcohol). Sweetish, al¬ 
most metallic taste. On mixing with an aqueous 
solution of oyanamide there are deposited long 
needles of * ethyl-amido-aoeto-cyamidine* 

^‘^^NEt 0^^ “ homologue of creatinin; 
8.9 at 25°; S. (alcohol) 1 at 25° (Duvillier, C. B. 
103, 211). 

Salts.—HA'HCl: [ 0 .180°] ;trimetrio prisms, 
V. sol. water and hot alcohol. - II^A'jHjPtClrf 6aq : 
large orange-red monoolinio prisms. — 
HA'lEgCl,),: small prisms (from water).— 
H A^jHgCl,: syrup.—CuA.'.^ 4aq: prisms, v. sol. 
water and alcohol,'insol. ether.-Bmuatiw; Di- 
CHLORO-KTIIYL-AMIDO-ACKTIC BTHKR (j. V.). 

Di-ethyl-amido-acetio aoid CsHnNO] t.e. 
NEtj,CH 2 .CO,H. Obtained by boiling diethyl- 
aniine with chloro-acotic acid (Hointz, A. 140, 
217; ^.[2] 5,152). Deliquescent rhombohedral 
crystals; v. sol. alcohol; sublimes below 100°.— 
CuA'j 4aq: small blue prisms.—H^A'jH^tOlg aq: 
orange-red crystals. 

Ethyl ether NEt,.CH 3 .C 03 Et. (174° un- 
cor.). S.G. *919. From silvcr-glycocoll and 
EtI (Kraut, A. 182, 172; 210, 317). Alkaline 
liquid.—short monoclinio crystals. 
—B'sH jBijIg: slender red needles. 

Ethylo-hydroxide. Anhydride. 

0,H„NOj i.e. NEt,<;;®^>>CO. • Triethyl gly- 

cocolV (210°). Prepared by heating NEt, with 
chloro-acetio ether, boiling the product with 
baryta water, and heating the resulting ethylo- 
chloride with silver oxide (Kraut, A. 182,172). 
Formed also from NEt, and chloro-acetio aoid 
(Hofmann, Pr. 11, 525; Briihl, B. 8, 479; A. 
177,201). Deliquescentcrystallinemass; partly 
decomposed by distillation giving off NEt,. 

Ethylo-chloride'iii'BiiCl.CKt.CO.fi. From 
NEt, and chloro-acetio acid. Not decomposed 
by boiling potash or baryta water. 

SaU 8 .-(NEt,Cl.CH,.CO^),PtCl 42 aq:mono. 
clinic prisms.—(NEt,Cl.CH,.CO,H)AuCl,. 

EthylO‘iodide NEt,I.CH,.CO,H: orange 
hair-like crystals. — (N£t,l.CH. 3 .CO,H),Bi,I,: 
orange tables. 

Ethylo-nitraie NEt,(NO,).|^H,.CO,H : 
needles, T. e. sol. water. 

Ethyl ether of the ethylo-ehloride 
NEtg01.CH,.CO^t. From triethylamine and 
chloro-acetio ether. Needles, v. e. sol. water and 
alcohol. (NEt,ClCH,.GO,Et),PtCl 4 ; orange 
crystals. — (NEt,Cl.OHyCO,Et)AuCl,: [100°j ; 
needles. 

Ethyl ether of the eihylo-iodide 
NEtjLCHj^COjEt. From silver glyoocoU (8 mols.) 
and Etl (4 mols.) in the cold. 

ETHYL-o-AMIDO-ACBTOPHEHONB 
C.H 4 (NHEt).CO.CH,. Oil. Obtained by heating 
o amido-aoetophenono with ethyl bromide 
B'gHjCljPtCli: golden-yellow plates (Baeyer, B. 
17,970). 0 , 

ETHYL-AUIBO.AZO. OOXFODHB8 0 . Azo- 
couFomms, 

ETHYL-AlODO-BENZENE «, Exhtl- 
ANIUin. 

ETHYL.AXXDO-BENZENE 8NLPHON10 
AOIB NEEiC^.SOaH. From •thylanilint 
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itid HjSO, at 200“ {Smyth, B. 7, 1241)^ 

BaA^2aq. 

Dl-«thyl-amldo>benzfise tnlphonie acid 
NEL.C,H4.S0,H. From di-e^yl-aniline and 
HjSO* (S.).-BaA',2ac(. 

ETOTL-o-AUIBO'BBKZOZO ACID. Amide 
t2:l]0,H,(NHEt).C0NHj. [129“]. From o- 
amido.benzamide and EtI in alcohol at 100“ 
(Finger, J. pr, [2] 97, 441). Crystalline mass, 
Bol. *hot water. Givos rise to a nitiosamine 
C,H«(N(NO)Et).CONHj [110“]. 

Ethyl>m-amido-benzoio acid CgH,,N02 i.e. 
[9:l]0,H,(NHEt).OOjH. [112“]. When potas¬ 
sium m-amido-bonzoato is boiled with alcoholic 
EtI a mixture of ethyl- and di-ethyl-amido- 
benzoic acids is produced; .these may be sepa¬ 
rated by crystallisation of their hydrochloride 
from hot dilute HCl (Griess, B. 5,1038). Small 
prisms, si. sol. hot water, v. o. sol. alcohol and 
ether. Its solution is tasteless, but acid in re¬ 
action. It forms salts with mineral acids but 
not with HOAc. It gives a nitrosamiue 
C8H,(N{NO)Et).COaH which crystallises (from 
water) In yellowish-white long narrow plates, 
and forms a crystalline silver salt OaHoAgNjOj. 

Salts.—HA'HCl: small four- or six-sided 


plates; also (from dilute HGl) in needles; m. 
sol. cold, V. sol. hot, water; v. si. sol. cold 
HClAq.—BaA'j 2aq : indistinct plates (from 
alcohol). 

Bi-etbyWH-amido-benzoic aoidO„H,jK02t.c. 
[SiljCaHXNEtJ.CO^II. [90“]. Formed as above 
(G.). White prisma (containing 2a(i); maybe 
distilled.—HA'HCl aq: shining four-sided plates, 
V. sol. cold water and HClAq. 

I}i>ethyl-p*amido«benzoic acid 
[4:l]C«H,(NKt,).COjH. [188“]. Fromp-amido- 
bcnzoic acid, KOIl, and alcoholic EtI. Also by 
saponifying its chloride which is obtained by 
treating di-ethyl-aniline witli COCl^ (Michler a. 
Gradmann, B. 9, 1912). Small plates (from 
alcohftl).-iIA'2H,PtCl,.-AgA'. 

Ethyl ether EtA'. (31.'>“). Formed, to- 
getlicr with the acid, by treating potassium p- 
amido-benzoate with EtI in the cold (Michael a. 
Wing, 7,198). Oil. 

Di-ethyhdi.amidO'benzoio acid GnHi^N^O, 
i,e. 0^g(NEtj)(NH2).C02H. From di-ethyl-w- 
amido'benzoio acid by nitration and reduction. 
Also from benzene-azo-di-cthyl-omido-benzoic 
acid by reduction (Griess, B. 10, 627). Grey 
needles or prisms (from alcohol). 

c-DI-KTHYL-AMIDO-BENZOIC ALDEHYDE 
C,H,(NEt,)CHO[l:4]. [41“]. Needles. Sol. 

water, alcohol, ether, &o. Formed by the action 
of aUtalis upon di-ethyl-amido-phenyl-tri-chloro- 
ethyl-alcohol OGl*.GH(OH).OaH4’NKt2, the con¬ 
densation product of cbloftl and diethylaniline 
(Boessneok, B. 19,869). * 

DI - ETHYL - AMIDO - BENZOPHENONE 
0,H,CO.C,H4NEt,. [78“]. BeneoyUphenyl-di- 
ethyl-amine. From tetra-ethyl-di-amido-tri- 
phenyl-carbinol and cono. HCI at 1^° (Doebner, 
A. 217,266). Trimetrio crystals (from alcohol). 
Insol. water, si. sol. cold alooj^tl, v. aol. hot alco¬ 
hol. Very feebly basic, dissolving in cone. HCl, 
but reppd. by water. 

Tetra-ethyl-dl-amido-bensophenone 
CO(C,H.NEt,)r [96“]. Formed, together with 
OA(NEy(OO.C^.NEtj), [170“], by saturating 
di-etbyl-aniline with COCl„ adding half the 


original volume of di-etbyl-aniline and heating 
at 120“ (Michler a. Gradmann, B. 9,1912), Small 
iomin® (from alcohol).—B'^IL^tCl,. 

ETHYL-o-AMIDO-w-BUTYBIO ACID 
C,H,sN02t.c. CH,.CH,.CH{NHEt).C02H. From 
a-bromo-butyrio acid and ethylamine (DuvilHer, 

A. Ch. [6] 20, 196; R. 88, 426; 97,1480). 
Crystalline leaflets, subliming above 110°without 
fusion; v. sol. water, si. sol. cold alcohol. Mixed 
with cyanamide in a<pi60UB solution, with addi¬ 
tion of a few drops of ammonia, there is formed 
in a month crystals of di-oyan-di-amide, while 
from the mother-liquor ethyl-a-amido-butyro* 

/NEt.C:NH 

cyamido CH3.Cnj.CH\ j may be ob- 
\CO .NH 

(ained in tabular crystals, v. sol. water and 
alcohol.—HA'HCl: opaque, ill-defined, deliques¬ 
cent crystals.—H^Ayi^PtCl,; orange-red crys¬ 
tals, V. 8ol« water and alcohol, si. sol. ether.— 
CaA'22aq: blue leaflets. 

Di-ethyl-o-amido-butyric acid 0,H„NO, i.e, 
CH3.CH.2.CH(NEt,).CO.^. [196“]. From a- 

bromo-butyric aetd (1 mol.) and NEtjH (1 mol.) 
(Duvillier, C. ii. 100,860). Deliquescent crys¬ 
talline solid, V. sol. water and alcohol, si. sol. 
ether. May be distilled with partial decomposi¬ 
tion. Thecupric salt forms violet-red crystals 
and dissolves in water and alcohol, forming a 
violet solution. 

ETHYL-AMIDO-CHLOBO- v. Chlobo-etuyl- 

AMIDO-. 

ETHYL-o-AMIDO-CINNAMIC ACID 

C„H,(NEtH).CH:0H.CO2H. [125“]. 
From o-amido-cinnamio acid, EOH, EtI, and 
alcohol by boiling (Fischer a. Kuzel, A. 221, 
267; B. 16, 663; cf. Friedlander a. Weinberg, 

B, 15, 1423). Groups of small crystals (from 
light petroleum). Si. sol. water, sol. alcohol, 
ether, and CS^, forming a yellow solution with 
green fluorescence. 

Nitrosamine CjH4{NEtN0).CH:CH.C05H, 
[150“]. Formed by the acdon of HjSO, and 
KNOj on the above. Yellowish plates from dilute 
(25 p.c.) alcohol. Insol. light petroleum, v. aol. 
ether and chloroform. Insol. acids in the 
I cold. Keduced by zinc and acetic acid to 
; NH2.NEt.C,II*.GH:CH.C08H, which is oxidised 
i by the air to ethyl-quinazole carboxylic acid 
(Fischer a. Tafel, A, 227, 332). 

Di-ethyl-o-amido-cinnamie acid 0„H„NO, 
l». O.H,(NEt,).CH;CH.CO,H; [124“], From 
amido-cinnauiio acid, KOH, alcohol, and EtI 
(Fischer a. Kuzel, A. 221, 2G9). Pale lemou- 
coloured plates (from alcohol). Its solutions in 
alcohol, ether, or OS, exhibit bluish-green fluor¬ 
escence. 

ETHTL-AMIDO-OUMINIC ACID C,jH„NO, 
{.«. 0|„H„(NHEt)0,. From amido-cumlnio acid 
and EtI at 105° (Lippmann a. Lange, B. 13, 
1602).-AgA'. 

ETHYL - AHIDO - ETHANE SDIPHONIO 
A£ID NHEt.CH,CB;.SO,H. Mthyl ■ taurint. 
[147°]. From ethylamine an)i j8-ohloro-ethane 
sulphonio aoid at 150° (James, /.pr. [2] 81,414). 
Prisms (from water). 

Di-ethyl-amido-ethane snlphonie aoid 
NEVCioH,.SO,H. [161°]. Prom cUethylamiBe 
and 01OH,04 sO,H (J.). Trimetoio taWoi(ftom 
' aioohoi). V. 0. sol. water. 
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STEYL«AICID0-ETH7L AI.G0H0L v. Ozi- of o-amido-pbenetol with 84 gmi. ol 
tBi*XTHYi.>A]aKS. five hours at 60°. The product is mixed wiu 

XTHTL-ft'AHISO'ESXOXC AGIB 0,H,,N0, soda and extracted with ether. The base iil 
•>. CE,(GH^,GH{NHEt).C 02 H. S. 10*7 at 15°. dried over CaOl, and distilled (Fdrster, J.pr. [2J 
From a*bromo*hexoio acid and ethylamino (Da> 21, 846). Oil. Gradually turns brown. Mis* 
vilHer,C. JR, 00,822; A. Ch, [ 6 ] 29,172). Pearly ,cible with ether, CSj, chloroform, benzene, and 
plates (from alcohol). SI. sol. cold, m. sol. hot, methyl alcohol. Sol. ethyl alcohol. With 
alcohol, insol. ether. Its aqueous solution has a bleaching powder its solution gives a brown 
neutral reaction and bitter taste; it gives Nvith colour. H^SO^and E^OrjOygive a brown colour. 
Fe,Ch an intense red colouration, and on boiling ILSO, dissolves it, forming a reddish-violet solu* 
a reddish-brown pp. Cyanaraide forms the tion, the colour being destroyed by water. Ni* 

< N£t.C:NH trous acid gas forms a nitro-nitrosamine 

I , which C,H,(N 02 )(OEt)NEt(NO), 

CO .NH Salts.—B'HBr: trimctric plates.—B'HI: 

crystallises in long needles, m. sol. hot water, V. trimctric plates.—B'HCl: trimetric plates.— 
sol. alcohol (Duviliier, 0. JR. 1>0, 1583). (B'HCl) 2 ptCl 4 . V. sol. water. Thrown down by 

Salts.—The hydrochloride forms deli, fuming HCl.—B'HXO,. Prisms, 
quescent lamina, v. sol. alcohol, insol. ether; l)i'ethyl*o-amido-pbenol 
the aurochloride is a golden crystalline mass. CjH 4 (NEt 2 )(OH)[l: 2 ]. (220°). Obtained from 

(HA'E 01 ) 3 pt 0 l 4 : orange prisms.—CuAL S. 1 its etliyl ether by cone. HCl (Forster, J. pr. [2] 
in the cold. *• 21,307). 

ETHYl • AUIDO • HYDEOCAEBOSTYBIL v. Properties.—OW. Turns green in air, but 

OxT-sTHrL-OMmo-QuiNOLiNB DiHiDBiDX. whcn licaled to its boiling-point suddenly loses 

ETETL-o-AXIBO-HYBBOClNNAUIC ACID this colour. When moist it decomposes on dis- 
V. ExHTL-o-XMiDO-PHEMTL-rnopioNio LciD. tillation. It has a peppery taste, is volatile with 

TETBA-ETHYL-DI-AHIDO-METHANE v. steam, and is sol. ether, benzene, chloroform, 
TfiTiu-sTHYL-iCETBTnEMR-DiAumE. and alcohol. 

DI - ETHYL . (a). AMIDO - NAPHTHALENE Rcactmis.^l. With Vq,C\, a deep brownish- 
StTLPHONIC ACID NEt 3 .G,QH.,.S 0 aH. From di- red colour.—2. H^SO, and KjCr^O, a similar 
ethyl'naphthylamine and HjSOf (Smith, 0. J, colour.—3. Solution of bleaching powder gives a 
41, 184). Needles.—BaA'j. wine-red colour.—4. Bromine water gives a 

Dl-ETHYL-AMIDO-NAFHTHOIC ACID yellow pp., changing quickly to abtown resin.— 
NEt 2 .C,pHj.COjH. Di-ethyl-(a)-naphthylamine 5. Cone. H^SO^ dissolves it, forming a violet 
dissolved in benzene is converted oy COCl. into solution. 

amixture of two isomeric chlorides of the formula Salta.—Crystallise very well. The ba^o 
NEtj-CuHa-COCl [70°] and [225°] with the com- cannot expel NH, from its salts. Solutions of 
pound NEt».C, 4 Hj(CO.O„Hj.NEt 2)2 [130°] (Smith, it.s salts decompose somewhat on-evaporating. 
C. J. 41,186). B'lnir.—BGiCl.—(B'lICl) 2 PtCl,. 

ETHYL-AKIDO-NAPHTHOaCINONE ^ Ethyl ether (228°) 

GiJEisOglNHEt). [140°]. From naphthoquinone The ethyl ether of o-amido-phenol (2 pts.) and 
and ethylamine (Plimpton, C. B 37, 039). Bed Ktl (3 pts.) are Wtedtog(!ther in alcoholic solu- 
needles; may be sublimed; v. sol. hot alcohol tion for twelve hours at 130°; after evaporation 
and benzene, V. si. sol. ligroin. tlie residue is mixed with solution of soda, 

TETBA-ETHYL-Dl-AMIDO-DI. NAPHTHYL siiaken with ether, and the extract di'ied over 
OgiH^N, i.s. NEt 2 .C,oH^.C|uH„.NKt 2 . [190°]. GaClj and distilled (Forster). Oil. Miscible with 
(Much above 300°). Foinied by heating di-ethyl- alcohol, ether, benzene, CHCI^ and CSo. Bleach- 
naphthylamino( 20 g.) with H^SOi( 20 g.)ior eight ing-powder solutions give a red colour. H 2 SO 4 
hours at 190°-210°. Crystallises in colourless and K.CrjO, a reddish-brown colour. Cone, 
tufts (from alcohol). Sol. HCl (giving a red solu- H ^04 forms a violet solution, 
tion), strong HNO, (intenBc red colour). V. sol. Salts.—Glue-like masses. B'HBv. 

hot alcohol, m. sol cold alcohol, si. sol. etlier, DI-ETHYL-AMIDO-DIPHENYL Cj^H^N U. 

T. sol. benzene ar^ CHCl,. C„Hj.C 4 H 4 NEt 2 . [below 100°]. From ju-amido- 

Sa lt.-- B*'2(HC1) (B.E. Smith,C./. 41,182). diphenyl and EtI, followed by Ag..O (Hofmann, 
o-£THYL-AMlDO-rE£NOL Pr. 12, 389). Long white needles; insol. water, 

G 4 H.(NHEt) 0 Hfl: 2 j. [168°]. Obtained by heat- m. sol. alcohol, v. sol. ether; may be distilled.— 
ing its ether witk fuming HCl for five hours at B'HBr.—B'HI. 

160° (Fdrster, J.pr. [2] 21,350). The product Methylo-iodide C„Hf,. 04 H,NEt 2 MeI. 
is mixed with NaOH, extracted with ether, the Forms crystalline ( 0 «H,.C 4 H,NEt 2 MeCl) 2 PtCl 4 . 
extract dried over CaClj, and the ether is thou Tetra-ethyl-di-amido-diphcnyl 
lulled off. Trimetrio plates. V. sol. alcohol, NEt 2 .C 4 H 4 .O 4 H 4 .NEt 2 . Tetra-ethyl-benzidine, 
less sol. benzene, 082 , chloroform and ether. [ 86 °]. Formed by heating di-cthyl-aniiine with 
Cannot be distilled undecompused. H,S 04 to about 200°, and by ethylation of benz- 

Balts.—Unstable, decomposing partially idine (Michler a. Pattiusou, JR. 14,2166). White 
when their solutions ar^ evaporated, a res^n needles. Sol alcohol and other, insol. water, 
being formed.—B' 4 E[Cl.—(B'HCl)«PtCl 4 .—B'HBr. Gives a green colouration with Fe Cl, or CrO,. 

Niirosamine C 4 H 4 (OH)NEt(NO). [ 121 °]. TETEA.ETHYl-DI-AMILO.TRl.PHENYL 
Formed by passing nitrous aoid gas into a sola- CAEBINOL Gg,H 2 .N 20 t.e. 
tion of the hydrochloride at 0°. Grey plates. C 4 H,C( 0 H)( 0 ^ 4 N£t)p Base of *BrilUmt% 
Neither add nor basic. green.' From di-ethyl-amline, beuzotricbloride 

Ethyl ether 0 ,H 4 (NHEt) 0 Et[l: 2 J. (236°). and ZnCl, (Doobner, A. 217, 261). Also from 
8 .G. 1021. Prepared by heating 100 grms. di-ethyl-aniUne and benzoic aldehyde andoxida- 
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tbd the product (Fischer, B, 14,2521). Bed- I 
amorphous solid; si. sol. water, v. sol. alco-1 
hoi. Its solution in alcohol and in dilate acids 
it green; in concentrated acids it forms a yel*' 
lowish-brown solution. Heated with cone. HOI 
at 180® it forms di-ethyl-aniline and di-ethyl* 
amido-benso-phenone: OgHsC(OH)(C.H 4 NEtjJj 
« C.H..CO.O^,NEt,+0,H,NEtj. 

gaits.—jDye a yellower shade than mala- 
ehite green.— 0 j,HgjNsH 2 S 04 . Golden crystals. 
Its solution in alcohol or water is emerald green. 

— ( 02 ,U«N,HOi) 2 ,ZnOl 2 2aq.— B'HAO* aq : 
golden prisms. 

Zewco-dase 04H,CH(04H4NEt2)2. [62®]. 

ETHYL- AMIDO- PHENYL- CHLORO- ETHYL 
ALCOHOL V, CHLORO-*THTL-AMrDO‘PHENTI.-ETHTL 
UjOOHOL. 

EtHYl-o-AMIDO-PHEKYL-ETHANE 
0,,H„N ».«. C.jH,.C,H,.NHEt. From amido- 
phenyl-ethane and EtBr (Bernthson, A. 184, 
304). Lamin®.—B'HBr: tables.—B'^^PtCl,. 

Deoa-ethyl-pent-amido-penta-phenyl-ethane 

(Et,N.O.H,),O.CH(C.H,.NEyr [lo8°]. Obtained 
by heating 20 pts. ol chloral hydrate, 60 pts. ol 
diethylaniline and 10 pts. of EnCl, at^ 100° for 
five hoars. On oxidation it gave a bluish-green 
dye-stuff (Boessneck, B. 19, 387). 

^ TETKA- ETHTL - M - AMIDO - TEI - PHENYL 
methane C.H,OH(O.H.NEt,),. [02°]. From 
the carbinol, zino-dust, and HOi (Doebner, A. 
217, 203). From di-ethyl-aniline, benzoic alde¬ 
hyde and ZnClj. Colourless glassy needles. 

V si. sol. water, v. sol. ether, alcohol, or benzene. 
B"H,Cy‘tCl, Saq. _ , 

letra - ethyl - tn -vpp - amido - tri - phenyl- 
methane ( 0 ,H,.NH 2 ).HC:(C,H,.NEi,).,. 2'.fra- 

ethyl-para^^A^niUne. [118°]. Fine concentric 
needles. Formed by reduction ol tctra-ethyl-p- 
di-nmido-p-nitro-tri-pbenyl-methane with zinc- 
dust and dilate HCl. On oxidation it gives a 
violet colouring-matter. The acetyl derivative 
on oxidation yields a green dye-stuff, which dis¬ 
solves in benzene with a strong fluorescence 
(Kaeswurm, B. 19,747). . , . 

Tetra-ethyl-tri -ppo ■ amido - tn-phenyl-meth- 
ane C,H,(NH,).CH(C.H,NEy,. o-Amido-leuco- 
IHlUanl-green. [136°]. White needles (contain¬ 
ing C,H,). Formed by reduction ol the conden¬ 
sation product of diethylaniline and o-nitro- 
benzoio aldehyde, by means of zine-dust and 
HOI (Fischer a. Schmidt, B. 17,1894). 

Heza- ethyl- tri - amido - tri - phenyl - methane 
CH(C.H,NEt,),. Triolinio crystals; 
a:b:e = l‘843:l:?! «-86° 9'; 8-102° 38'; 

'.,•91° 82' (Hanshofor, Z. K. 9, 533). 

TETEA-ETHYL-DI-AMIDO-DI-PHENYl- 
HITEO-PHENYL-METHANE o. Niibo-tetri- 

ETHlL-DI'AMlUO-TM-PBBNTL-METnANE. 

TETRA - ETHYL-DI-AMIDO-EI.PEENYL 
OXIDE 0(C,H4NEU,. [89®]. From 
S(C 4 fl 4 NEt 3 )* and silver nitrate (Holzraann, B. 
21, 2061). Needles, ipsol. water, si. sol. cold 
alcohol and ether.—B"H 2 ptCl 4 . [o. 100®]. 

Yellow flocoulent pp., si. sol. warm alcohol.— 
Piorate B" 20 ^(N 0 J, 0 H..I[174®]. Yellow 
crystalline pp., lU. sol. hot alcohol. 

Tetra-ethyl-di-amido-dl-phenyl peroxide 
Oj(OA-NEgr [W®]. From the oomsponding 
sulphide by treatment with ammoniaoal ,^NO| 
(Holzmann. B. 20, 1636). Needles or prisma. 
Decomposed by moist air. 
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e«Dyi*ai-amiuu-ueu2opijeiione, ui-euiyi-iuiiiAiAot 
and GOGlj at 120® (Miohler a. Gradmann, B. 9, 

A912). Triolinio crystals (from alcohol). _ 

TETRA - ETHYL - 1^1 - AMIDO - DI-PHENYL- 
PROPANE CMej( 04 H 4 NEt 2 )j. [76®]. Prepared 
by heating acetone (10 pts.) with diethylaniline 
(50 pts.) and zinc chloride (80 pts.) in sealed 
tubes for 12 hours to 170° (Doebner a. Petsohow, 

A. 242, 834). Long needles. Insol. water, si. 
sol. cold, V. sol. hot, alcohol. Sol. ether, OS), 
petroleum-ether, and benzene. 

Salts.—B"HjI.j reddish yellow pp.; v. aoL 
hot water and aloonol. 

o-ETHYL-AMIDO - & - PHENYL - PROPIONIC 
ACID C,H4(NHEt).CH,.CHj.GOjH‘ 
amido-hydrocinnamic acid. Fromo-ethyl-amido* 

I cinnamic agid and sodium amalgam in alkaline 
solution (Friedlander a. Weinberg, B. 16,2104; 

' Fischer a. Kuzel, B. 16, 1449; A. 221, 271). 
Dilute H>S 04 throws down the acid as a white 
flocculont pp., excess of HjSOi dissolves it, and 
on warming its anhydride oxy-ethyl-quinoline 
dihydride (ethyl-hydrocarbostyril) separates as 
an oil. 

Niirosamine 

CA(NEtNO).CH,.OHj.CO,H. [78°]. Formed 
by adding NaNO., to a solution ol the acid in 
H.,SO,. Groups of oolonrleaa oblong plates (from 
dilute aeetio aoid). Decomposes at 150°. M. 
alcohol, ether, benzene, and alkalis. Gives 
Liebermann's reaction. On reduction with zinc- 
dust and acetic acid it gives 
0 ,H,(NEt.NH,).CH..CH,.COjH, which on eva¬ 
porating leaves its lactam, ethyl-quinazola di¬ 
hydride. 

TETEA-ETHYL-DI-AMIDO-DI-PHENYL-DI- 
SDLPHIDE S.,(C.H,NEt,),. [80°]. From di¬ 
ethyl-aniline end SjClj in ligroin (Holzmann, B. 
20, 1636; 21, 2056). Golden prisms; si. sol. 
ether, m. sol. alcohol and benzjne. Decomposed 
by water. Forms a crystalline piorate [176°J 
and platino-chloride. 

TEI - ETHYL - TEI- AMIDO - DI - PHENYL- 
TOLYL CAEBINOL C,,,HijN,0 ».«. 
C.H,Me(NHEt).C(OH)(C.H,.NHEt)i. Tri-(?)- 
elhyl-rosaniline. From rosaniline (Ipt.), EtI 
(1 pt.), KOH (1 pt.), and alcohol (Hofmann, A. 
132, 163 ).— C,,II„N,IHI : lustrous green crystala 
which form a violet eolation in water. 

ETHYL-a-AMIDO-PEOPIONIO ACID 
C,H„NO, i.e. CH,.CH(NHEt).CO,H. S. 60 at 
25°. S. (alcohol) 2 at 25°. Formed by boiling . 
a-bromo-propionic acid with ethylamine (Du- 
villier, A. Oh. [6] 7, 427; C. E. 99,1120; 100, 
916). Monoolinio crystals (containing f aq) or 
nacreous plates (from alcohol); sol. water and 
alcohol. Its hydrochloride forms deliques¬ 
cent needles. It forms a crystalline platino* 
chloride and auroohloride. — GuA|2aqt 
bhie prisms, sol. watdif and alcohol. WhOT it® 
saturated solution is mixed v4th a solution of 
oyanamide there is deposited in three months o 
orystalUne homologue of creatinin 
vNEt.G;NH 

CHXH^ I ; S. 27 at 17®; S. (alcohed) 
Nio.nh 

6-6 at 16®. 
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STHtL-AHIBO IBOPBOPTL ALCOHOL 

STHTIt-OXT-IBOPROPTL-AinNE. 

OI-ETHTL^tflOO-PBOPYLEKEOLTCOL v. 

Dl*STHTZ.-l>X*OXt-PBOPTI«-iJCINB. 

SIHYL-AICIDO'TOLTTEKE v. Auido-tolyl* 
ETHANS and Ethyl-toluxxhks. 

Etliyi - tri • amido • toluene i.e. 

OAMo(NHBt)(NH^, [liftBiB], Obtained by 
r^noing di-nitro>p*tolyl>ethyI-mtramine with 
tin and HGl (Van Bombargh, B. T. C. 3,412). 

a.ETHTL.AMIl)O.I8OYAL£BI0 ACID 
C,H„NO, i.6. (CH,)jOH.CH(NHEt).CO^. From 
bromo'isovalerio acid and ethylamine (DuTillier, 

A. Ch. [6] 21,489; 0. B. 88, 425). Groups of 
Blender white needles; sol. water and alcohol, 
insol. ether. Neutral to litmiA. Sublimes above 
110®.—HA'HCl; confusedly crystalline; v. sol. 
water and alcohol, insol. ether.—CuA'^^aq: 
crystalline violet mass forming an intense blue 
solution.—The platinochloride and auro- 
chloride are exceedingly deliquescent. 

ETHYLAMINE 0,H,N i.e. NH,Et. Mol. w. 
45. (19®). S.G.s- 6964. V.D. 1-5707. H.F.p. 
17,610. H.F.V. 15,770 (TA.). 

Compressibility: Isambert, C. It. 105,1173. 

Jfbrwkxtio^.—1. By boiling cyanic or cyan- 
nrio ether with potash (Wurtz, C. li. 28, 223, 
823; A. Ch. [3] SO, 443).-2. Together with 
NH, by boiling ethyl-urea with potash (W.).— 
3. By the Mtion of ammonia on the ethers of 
inorganic acids, e.g. : EtBr and EtI (Hofmann, 
C. J. 13, 331), EtCl (Groves, C. J. 13, 331), 
EtjPO^fDe Clermont, A. Ch. [3] 44, 335), Et.SO^ 
(Strecker, A. 75, 46), EtNOa (Juncadelia, C. R. 
48,882), KEtSO^ (Erlenmeyer a. Carl, J. 1875, 
617), and EtnSO, Carius, A. 110, 209).—!. By 
heating chloride, bromide, or iodide of ammo¬ 
nium wi^ alcohol or ether in sealed tubes (Bcr- 
thelot, A. Ch. [3] 38, 63).—5. Formed, together 
with and tri-ethyl-amine, by heating abso¬ 
lute eUcohol with ammoniacal ZnCL, at 260® ; 
the yield of mixed bases amounts to about 
46 p.o. of the alcohol used (Morz a. Oasiorowski, 

B. 17, 637).—6. From propionitrile, zinc, and 
dante H.,SO< (Mendius, A. 121, 142).-7. By 
the dry distillation of alanine (Limpricht a. 
Schwanert, A. 101, 297). Occurs also among 
the products of the dry distillation of beet root 
molasses (Duvillier a. Buisine, A. Ch. [5] 23, 
317).—8. Occurs among the products of the 
putrefaction of yeast and flout (Hesse, J.pr. 71, 
471; Sullivan, »L^858, 231).—9. With di- and 
tri-ethyl-amlne by heating white precipitate 
NHjHgCl with £tl (Sonnensohein, A. 101,20). 
10. By heating acetamide with alcoholic so- 
dium-ethylate at 170®-200® (Seifert, B. 18, 
1857 ),—11. By the action of alkalis on ])ro- 
piooio bromo-amide, or of bromine and KOll on 
propionamide; yield 80 p.o. of theoretical (Hof¬ 
mann, B. 16,763).—12. By reduction of a cold 
eolation of aJdehyde-phenyl-hydrazide in 5 pt 
of alcohol by means of somum-arnalgarn (2 p.c.) 
and acetic acid; yield 45p.o. of the theoretical. 

B'sKGlfPtCl^: hexagoi&l prisms (Tafel, B 
10,10^. 

Pr<^rafton.^l. Cyanic ether is boiled with 
aqueous £0^ the escaping gas is absorbed by 
EOlAq, and the ethylamine hydrochloride dried, 
mixed with quick-Hme, and distilled (Wurtz). 
The potassium cyanate from which the cyanic 
Sheris prepared (bj distillation with KEtSOj is 


usually sufficiently impure to give oil NE„ which 
then produces all three ethylamines, so that Uie 
product is seldom quite pure.—2. Ethyl nitrate 
is heated with alcohoUc ammonia. NH^Cl is 
hardly soluble in alcohol, and the ethyl-amines 
are separated by crystallisation of their pioratea 
(Carey Lea, C. N. 6,118).—3. A mixture of pro* 
pionamide (1 mol.) and bromine (1 mol.) is 
treated in the cold with a 5 p.o. solution of EOH, 
and the solution run slowly into a 80 p.o. solu¬ 
tion of (S fnols. of) EOH at 60®-70® as described 
under methylamine; the yield is 80-90 p.c. (Hof¬ 
mann, B. 15, 767).—4. EtBr is heated with 
cone. NHjAq in sealed tubes at 100® (Hof¬ 
mann, C. J. 3, 300).—5« EtI is heated with 
aqueous NH, at 100®. The product is distilled 
with KOH. Tho mixture of the three ethyl- 
amines is dried over EOH and mixed with oxalic 
ether. Ethylamine forms diethyl-oxamide 
NHEt.CO.CO.NHEt, di-ethyl-amine forms di- 
ethyl-oxamic ether NEtj.CO.CO.COjEt, whilst 
the tri-etbyl-amine has no action, and is removed 
by distillation. The liquid di-cthyl-oxamioether 
is then separated by filtration from the crystal¬ 
line di-ethyl-oxomide. On distilling the di-elliyl- 
oxamide with potash ethylamine passes ovrtr. 
EtCl obtaiued as a by-productin the manufacture 
of chloral may be used instead of Etl in the above 
preparation (Hofmann, B. 3, 109, 776). Wlien 
EtCl is heated in equimolecular proportions with 
cone. NHjAq at 90® a floating layer of tri-ethyl- 
amine containing free KH, is formed, while 
ethylamine and diethylamlne remain dissolved 
as salts, and constitute the cliicf product. Tho 
same mixture of EtCl and NH,Aq when heated 
at 150® forms NH,C1, ethylamine hydrochloride, 
and NEt,Cl ai chief products, only traces of 
NHEt. and of NEt, (free) being formed (Malbot. 
A. Ch. [6] 13, 477; C. R. 105, 756).-6. A good 
modification of the preceding method, proposed 
by Groves (C. J. 13, 331), consists in heating 
ethyl chloride (1 mol.) with a solution of am¬ 
monia (1 mol.) in alcohol. After removing the 
insoluble ammonium chloride the alcohol is dis¬ 
tilled off, and tho hydrochlorides arc decomposed 
by soda. The bases are received in water, sul¬ 
phuric acid added, and the solution of the sul¬ 
phates evaporated to a syrup. This is poured 
into absolute alcohol, in which ammonium sul¬ 
phate is insoluble {cf. Wanklyn a. Ghaprnan, Br. 
15, 218). The sulphates are again decomposed, 
and the bases received in water, and to the solu¬ 
tion ethyl oxalate is added, in a quantity calcu¬ 
lated on the supposition that the alkalinity is 
due to mono-ethyl-amine. The separated diethyl- 
oxamide is filtered off and the syrupy mother 
liquor is boiled for 12 hours with 10 times its 
volume of water, so a#to form acid diethylamlne 
oxalate and (li«ethyl-oxamic acid. On concentra¬ 
tion the former salt separates out in long needles, 
and on decomposition yields pure dietbylaminc. 
The molten liquor is decomposed with soda, the 
separated bases received in alcohol and again 
treated with ethyl oxalate, and the mixture dis* 
tilled to remove tbq triethyl-amine and alcohol, 
and to the residue milk of lime is added to pre¬ 
cipitate calcium mono- and di- ethyl-ozamate, 
which on decomposition yield diethylamlne 
(Duvillier a. Buisine, A. Ch. [5] 23, 340; C. B, 
88, 31). 

Properftes.—Colourlesa inflammable liquid; 
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doei not solidify at — 140^. Possesses a pongant 
ammouiaoal odour, a strong alkaline reaction, 
and burning taste, inflaming the tongcMTT It forms 
dense white fumes with* HOI. It mixes with 
water, considerable rise of temperature taking 
place, but it is completely expelled again by 
boiling. Solid KOH separates it from its aqueous 
solution. It expels from ammonium salts. 
An aqueous solution of ethylamine resembles one 
of NH, in behaviour towards many metallio 
salts; it differs in dissolving the ppd.nxides of 
aluminium, gold, and ruthenium, and in not dis¬ 
solving the pps. which it gives with salts of Cd, 
Ni, and Co. It dissolves ppd. cupric hydroxide 
less readily than NH, does. With SnCl^ it gives 
a pp. very soluble in excess. ^Phosphomolybdic 
acid gives a yellow pp. more soluble than tho 
coiTesponding pp. obtained with ammonia. An 
alcoholic solution of ch]oro-tri-nitro-bonj:ene 
(picryl ohloride) gives the characteristic ethyl- 
picramido C«U..(NOJ,,(NJll'U) with even small 
quantities of othylamiue{Vaii Romburgh.U. T.C. 
2, 107). A concentrated aqueous solution of 
etliylatnine that has been dehydrated as far as 
possible by KOII yields on distillation dry ethyl- 
amine gas, followed very soon by a liquid boiling 
below 75'^, which is probably a hydrate of 
ethylamine fWallach, B. 7, 320), Prom an ex¬ 
amination 01 the compressibility of a solution of 
ethylamine in water, Isambert also concludes 
that chemical combination does tako place be¬ 
tween tlie water and the base (Isambert, 0. i?. 
106,1173). 

Be(ictions. —1. On passing through a red^Jiot 
lube there is formed NH,, hydrogen, HCy, CH^, 
OfHj, C^H,, CJI^, and carbon (Muller, Bl. [2] 
45, -lOS).— 2. produces nitrogen and 

alcohol (or nitrous ether).—3. Chromic acid mix^ 
lure oxidises it to aldehyde, acetio acid, water, 
and nitrogen (Wanklyn a. Cliapmau, C. J. 20, 
328).—4. Cyanic acid forms ethyl-urea.— 6 . Cy^ 
anic ellter gives di-ethyl-urea.— 0 . n-Oxy-bentoic 
aldehyde forms syrupy C„H,,NO (237'^),sol. water 
(Dennsti'dt a. Zimraermann, B. 21, 1663).— 
7. Dry ethylamine hydrochloride is converted by 
COCI, into NHEt.COCl at 260*^ (Gattermann a. 
Schmidt, B. 20, 118).—8. Allyl thiocarbimide 
(oil of mustard) gives ethyl-allyi-thio-urca (Hin- 
terberger, A. 83, 346).—9. Gaseous cyanogen 
chloride fo’fms cthyl-cyanamide, which is con¬ 
verted by boiling water into tho isomeric iso-tri- 
ethyl-mclamine (Hofmann, B. 2, G02; Clocz a. 
Cannizzaro, A. 78, 228).—10. Bleaching-powder 
gives ethyl-di-chloro-amine (Toherniak, B. 9, 
143 ). 11 , X)i . chhro - naphthoquinone forms 
NHEt.C,aH 4 ClO,[ 110 ^].— 12 . Benzoicaldehydem 
aqueous or alcoholio solution forma bouzylidene- 
ethyl-amino PhCHiNEt (19C^), an oil which is 
reduced by sodium-amalgam to benzyl-ethyl- 
araine PhOHaNHEt (Zaunschirm, A. 246, 279). 
IS. SO| forma ethyl sulphamio acidNHEt.SO,H. 

Salts.—The sulphate, ohloride, tar- 
trate, and other salts differ from the corre¬ 
sponding ammonium salts in being very much 
more soluble in alcohol.“B'H0J3I6‘^-80®]. MoL 
w. 81^ Roe 86-11 in an 11 p.e. aqueous solu¬ 
tion (Kanonnikofl). Large deliquescent laminse 
(from alcohol) or striated prisms (from waterl. 
On distillation it gives ethyl-amine, di-ethyl- 
amine, BtOl, 0,H., and NH, (Pileti a. Piocini, 
B. 12 , 1608).—B^^HsPtOl^] orange hexagonal 


thombohedra. S.G. 2 258 (Clarke, Am. % 
176). Not decomposed by boiling water (De 
Ooninok, Bl. [2] 46, 131).—B'HAuCl,: Tery 
slender golden monoclinio prisms, sol. water, 
alcohol, and ether (Wortz).—B'sH,HgCL: small 
“white scales (from aloohol).-B'H]^Ch: deli- 
quescent trimetrio crystals (Kdhler, B. 12 . 2211 , 
2324; Topsoa, Z. K. 8 , 24G).-B'HHg,Cl„: 
hexagonal rhombohedra.—B'HOlHgCyj: large 
lamins, permanent in the air, decomposed at 
100*^; sol. water, si. sol. cold alcohol (Kohl a. 
Bwoboda, A. 83, 342).—B'jHjPdCI,: feathery 
tufts of large black crystals; red by transmitted 
light (Reckenschuss, A, 83, 343; ef, Muller, 

A, 86, 866).—B'jI^uCl,; trimetrio crystals.— 
B'HBr: crystalline.—: deliquescent 
gummy mass, v. sol. alcohol.—B'HNO,* : very 
deliquescent thin lamina.—MgB'HPOidaqr 
bulky pp. obtained by adding sodium phosphate 
to a solution of magnesium sulphate mixed with 
ethylamine or any of its salts; becomes crystal¬ 
line on standing.—: white scales, be¬ 
coming brown on drying (Meyer, J. pr. 67,161). 
—B'^H.^SO^Al 2 (SO ,)3 24aq: S. 15 at 26®; regular 
octahedra (Stenner a. Kanmer, A. 91, 172).— 
B'H. 2 C 03 (?) : very unstable crystalline mass ob- 
tained from B'HCl and NojCO,.—B'HOAc*: 
deliquescent crystalline mass.—B'HjS: crystals; 
vapour-tension 48 at 13° (Isambert, C. H. 96, 
708).—B'flVO, (Bailey, 0. J. 46. 692).— 
B\(H 30 ) 2 (VgOj), 3aq.—B'2H20(V20,)2: red prisms 
(Ditte, C. a. 104,1844).—B'HOyS: deliquescent; 
not converted into ethyl-thio-urca at 150° (Be 
Clermont, Bl. [2]27,198).—: trimetrio 
laminiB (Loachmidt, Site. W. 61 [2j 7,384; /. 1866, 
376).—B'jHjCjO,: monoclinio crystals.—0am- 
phorate B' 2 C,t,H„ 04 : small needles (Wal- 
lach a. Kamensky, A. 214, 242). —Muoate 

8 aq: oblique rhombic prisms (Bell, B. 
10, 1861).—Pimelate B'jCjHjjO, (Wallach a. 
Kamensky, B. 14,170).—Benzene sulphon- 
ate C^H^SO^HB' [92°} (Norton a. Westenhoff, 
Arn. 10, 120).—^-Toluene sulphonate 
B'HSO,.OJl,Me [111°] (Norton a. Otten, Am. 10. 
140).—Combinations with salts.—B'HgG4: 
crystalline pp. got by mixing alcoholic solutions 
of ethylamine and HgC4 (Kohler, B. 12, 2208, 
2323).—B'aHgCl.TIg^Oi: pp. got by mixing the 
aqueous solutions. By boiling with excess of 
IlgCl.. tliero is formed an insoluble yellow salt 
NHElHgCIHgO, while crystalline NHEtHgCl 
remains in solution.—BUHCl^? fawn-coloured 
powder.—B'^Ptet. 2aq: colourless crystals, v. 
sol. water.—B'jPtSO,.—B' 2 (NH 5 ) 2 PtCl 2 (Gordon, 

B. 3,174).—B'CjH^PtClg (Martiua a. Griess, A, 
120, 326). 

Formyl derivative NHEt.CHO. (197°). 
S.G. ^ *962. Mixes with water, alcohm, and 
ether. 

Acetyl derivative O 4 H 3 NO 4.e. NHAoBt. 
(202°) S.G. — *942. Formed by the action of 
ethylamine on acetic ether; or of HOAo on 
cyapio ether (Wurtz, AT^Ch. [3j 30,491; 0. H. 
87, 1^). Colourless liquid. Formed ^so by 
dehydrating ethylamine acetate. POI 3 oonverta 
it into C^..C1N| whence solid KOH forms, on 
warming, al-ethyl-acetamidine 0 ,H, 4 N, (Wal¬ 
lach a. Hoffmann, 3, B, 1667; A, 184,108). 

Bl-aeatyl derivative 0^,,NO. 
NBtAor (165°-.192°). S.G. u hHq, From 
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cyanic ether and Ao,0 at 190“ (Wnrta, i. Oh. 
[S] 42, 43). Liquid. 

TaUryl derivaiivt OMe,.CO.NHEt. 
[49®]. (204°). Crystals; t. sol. water, aloobol, 
and ether; has no smell. Pnre HNO, attacks 
it slowly, ^Ting oS N,0 (Franchimont a. Elob- 
hie, B. T. 0. 6, 241). 

Beptoyl dertuoticsC,H|,.CO.NHEt. [6°]. 
(268°). Formed by heating othylamine hepto- 
ate to 230° (F. a. K.). Pure HNO, gives oft 
N,0. 

Bemoyl d6rivativ6 O^j.CO.NHEt; 
[67®]; (2G0°); glistening needles (from water) 
or plates (6x)m dilute alcobol). From ethyl- 
amine and BzCl {Romburgh^2J. T. C. 4, 390). 
Formed also by the action of ethyl-carbamio 
chloride 00(N^!t)Cl upon benzene in presence 
of A1,C1, (Gattermann s. Schmidt, B. 20, 120; 

A, 244,60J. 

O’AmidO'henzoyl derivaliye 
C,Hq(NH.,)CO.NHEt. [105®]. From isatoio 
acid and ethylamine (Finger, J. pr. [2] 37. 437). 
White colloid mass; sol. alcohol audhotligroin. 

HNO, converts it into C.H.<^°>NEt. [70°]. 

Ethyl • ehloro • amine NHEtCI. Acetyl- 
derivative NAoFtOl. Formed by passing 
ddorine into NAcEtH at — IB*^ (Norton a.! 
Toherniak, C. R. 86,1409). Liquid, v. sol. water, 
alcohol, and ether; decomposed by heat. Boil¬ 
ing soda-solution decomposes it into chloroform, 
ethyl-di-cbloro-amine, ethyl carbainiue and 
NHjEt. 

Ethyl• bromo• amine. Acetyl deriva¬ 
tive, NAoEtBr. Prom acctyl-ethylamino by 
warming with a solution of bromine in aqueous 
KBr (N.a. T.). 

E^yl-di-ohloro-amlne NCljEt. (89®). S.G. 

{ 1*240; ^ 1*230. Obtained by chlorinating 
ethylamine at 0® (Wurtz, A. Ch. [3] 30, 474). 
Prepared also by distilling ethylamine hydro¬ 
chloride (100 g.) with bleaching-powder (260 g.) 
made into a thick gream with water (Tcberniak, 

B, 9, 146). Pungent yellow oil; not solid at 
—80®. Insol. acids. Decomposes spontaneously 
in damp air into NH,C1, ethylamine hydro¬ 
chloride, chloroform, acetyl chloride, and aceto¬ 
nitrile. Iteduced to NH^t by £^. Alkalis 
give HOAc and NH,. Converts aniline into di- 
and tri-ohloio-aniline, being itself reduced to 
NH^Et (Pierson a. Heumann, B. 16, 1017). 
Besots with Zn^t, diluted with ether with 
formation of ethylamine and tri-ethylamine 
(Kdhler,S.12,770,1869). 

Sthyl-dl-iodo-amine KI^Et. From ethyl- 
amine and iodine (Wurts; Baschig, A. 230,221). 
Dark red pp. 

Diethylamise 04 H,|N i.e, NHEt,. Mol. w. 
78. (56®). S.G.*-726;W *716; a® *706; 22 074 
(Oademans. R. T, 0. 1, 66). 8. V. 109 (Schiff). 
HJ'.p. 29,320 {TkX 81,100 (M.). H.F.v. 26.420 
(ZTk). E.0. 724,400 (gasMus); 716»900 (liquid) 
(MOller, Bl. [2] 44,609). * 

Formati(m.-~V. By heating ethylamine with 
EtBr (Hofmann, T. 1860,120; 0. J, 3,800).— 
2. By heating ammonia with EtOl, EtBr, or 
EtI as deseriM underethylamine.—3. Together 
with ethylamine by heating ethyl nitrate with 
ammonia (Carey Lea, J,pr. 86,176).—4. Together 
with mono* and tri'ethyLamine by heating 


absolute alcohol with ammoBiacal ZnOIs at 260* 
(Mera a. Gasiorowski, B. 17,687). 

Preparation,--!, By treating its nitrosamine 
with cono. HOlAq (Geuther, Jenaische ZeiUch/r, 
7, 118),—2. By acting on di-nitro-di-ethyl- 
r aniline GaH,(NO|) 2 N£t, with dilute EOH, the 
other product being 05 H,(N^)jOK, The yield 
is good (Van Romburgh, B. T, 0, 2,85).—8. v, 
Etutl&uime. 

Properties. —Volatile inflammable liquid with 
strong alkbline reaction; v. sol. water. It differs 
from ethylamine in not redissolving the pp 
which it forms with zinc salts, in not ppg. a 
solution of PdOl^, and in the fact that the pp. 
which it forms with HgClj is not soluble in 
acetic acid, whereas the pps. formed by ethyl- 
amine and by NH, are soluble in HOAc. 

Reactions. —1. When passed through a red- 
hot tube it forms HCy, NH„ carbon, CH^, hy¬ 
drogen, CjH,, benzene, and nitrogen, but no 
ethylene (Muller, BL [2] 45, 438).—2. Iodine 
forms an oily substitution product.—3. Potassium 
nitrite converts its hydrochloride into di-ethyl- 
nitrosamineNEtjNO. This is a neutral yellowish 
oil. (177°), S.G. ‘2 'gsi, V-D. 3-36 (calc. 8-53) 
(Geuther a. Ereutzhage, A. 127, 43). It is split 
up by alcoholic KOH at 140^ into NH, and 
ethylamine.—4. CyanfccfAcrformstri-etliyl-urea 
(Hofmann, C. R. 64,252).—5, Cyanogen chloride 
forms liquid di-ethyl-cyanamide (190®) (Cloez 
a. Cannizzaro, A. 78, 228).—5. SO, forma di- 
ethyl-sulphaniic acid NEt.,SO,H. 

Salts.—B'HCI [217®], (320®-330®), non- 
deliquescent plates (Wallach, B. 14, 748). V. e. 
sol. water, m. aoL alcohol, v. sol. chloroform 
(Behrend, A. 222, 119).—B'j,H.P(Cl,: orange 
monoclinio crystals (Topsoe, Z. K. 8, 246).— 
B'HAuCl,: trimetrio crystals.—B'HHgOl,: tri- 
metric crystals. — B'HCl(HgClj),: hexagonal 
rbombohedra.—B'jHjCl 2 (HgClj) 5 : dimorphous. 
—B',H.^tBr,; monoolinic.—B'HjS: crystailine; 
its vapour-pressure is 150 mm. at 10® (Isambort, 
C. B. 90, 708).-B'HNO,. [100®]. Longneodloa 
or prisms (Franchimont, R. T. 0. 2, 338).— 
B'B^CsO,: long needles, m. sol. water (Duvillier 
a. Buisine, A. Ch. [5] 23, 342). Benzene sul- 
phonate B'HSO,.0.,H,: [139°] (Norton, 

Am. 10, 129).—p-Toluene sulpnonate 
B'ESOs-O^H^Me: [88®] (N.). . » 

Formyl derivative NEtjCHO (178°). 
S.G. 12 -908. From di-ethyl-oxamio acid by 
heating (Wallach, B. 14,745). Liquid, miscible 
with water.—B'jHjPtCl,.—BjH5ptCl,2aq. With 
PCI,* it forms a base OaHifK, (Wallach, A. 237, 
236). 

Acetyl derivative C^HuNO {.c. NEt^Ao. 
(180®). 8. G. *925 (Wallach a. Eamensky, A, 
214,235). 

Tri-chloro-aeetyl derivative 
CCIvCO.NEtj. [27®] (F. a. K).; [90®] (0.). From 
NHEt, and CCl«.COCl (Fianobimont a. Elobbie, 

R. T. C. 6,236). From heza-ohloro-acetone and 
NHEl, (Cloez. A.fh. [6] 9.14g). 

Vahryl dertiativ, GMe,.CONEt,. (208°), 

S. O. -891 (F. s. K.). 

Esptoyl der»«a Nee OJI„CO.NEt,. [below 
-16°]. (268°). S.G.U -881 (P. a. K.). 

Bimoyl derivative NEt,Bz. (282°). 
S.Q. >( 1'019 i i zol. dilate .HCl but teppi 
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br water (HaUmaxm, B. 9i 846; Bomburgh, 
B.r.a.4,887). 

Triethylan^e C/„H|tN i.e. KE^. Mol. w. 
101 (cf. Dewar a. Beott, Pr. 86,847). (90’'). S.G. 
^•7277 (Brtthl, .4.200,186). S.V. 163-86 (Sohiff). 

1*406. Ea, 63-86. H.F.p.42,080(Thomsen); 
84,400 (MuUer, Bl. [2] 44, 609). H 38,020 
{Th,). :t0.1,047,100(ga8eous); 1,038,800(liquid) 
(M.). Critical t^;peTature, 207® (Pawlewsky, B. 
16,2683).. 

Formation,-^!* By heating diethylamine with 
EtBr.-“2. From oyanic ether and KOEt.—3. By 
heating ammonia with E tl, £ tBr, EtCl, or E tN 0,; 
V. ExHtLAMiNB (Hofmann, C. /. 3, 300; Carey 
Lea, C. N. 6,142).—4. Together with ethylene 
and water by the destructive distillation of tetra* 
ethyl-ammonium hydroxide (Hofmann).—6. To¬ 
gether with mono- and di-ethyl-amine, by heat¬ 
ing absolute alcohol with ammoniacal ZnCl^ at 
200® (Merz a. Gasiorowski, B. 17, 637). 

Properties. — Strongly alkaline liquid, in¬ 
flammable, having an ammoniacal odour; si. 
sol. water. Its aqueous solution forms with 
salts of Zn, Cd, Be, Zr, Ni, Co, Sn", Ag, Hg", 
Cu, Pb, Fe, and Mg, pps. insol. excess; with 
salts of A1 and Sn'* a pp. v. sol. excess ; 
with AuClj it gives a yellow pp. insol. excess, 
which soon blackens from reduction to AuCl, an 
odour of aldehyde being formed. 

ReactioTis.—l. At a temperature of 1200° it 
gives HCy, ammonia, carbon, hydrogen, CH,, 
acetylene, and 0.^^, but no benzene or N 
(Muller, Bl. [2] 45,438).—2. KMnO* oxi^ses it, 
giving COj and HOAc (Wallach a. Claisen, B. 
8, 1237).—3. Its hydrochloride is not decom¬ 
posed by aqueous KNOj in the cold, but on boil¬ 
ing some NEtj.NO is formed (Geuther, Z. [2] 2, 
513 ).— 4 . When heated with a-bromo-butyrio 
acid and water there is formed a-oxy-butyric 
acid and NEtsHBr. The same products appear 
to be formed when no water is present (Duvillier, 
Bl. [23 48, 8; cf. Briihl, B. 9, 34).—6. SO, 

forms [92°] which crystallises in 

tables; sol. alcohol, acetone, and hot water; si. 
sol. cold water and ether. It is decomposed by 
boiling water into acid triethylamine sulphate 
(Beilstein a. Wiegaud, B. 16, 1267).—6. Tri- 
etbylomine combines directly with the chlorides, 
bromides,* and iodides of primary alkyls, form¬ 
ing ammonium derivatives tbat aye not decom¬ 
posed by KOH, but are converted by moist Ag,0 
into non-volatile, caustic bases. When the alkyl 
is secondary or tertiary an olefine and a sal^ of 
kfiethylamine are the chief products. Thus, 
isopropyl iodide at 100® forma NEt^HI and 
C,H,, while MG,OBr forms NfltsHBr and butylene 
(Beboul, C. B. 03, 69). 

Salts. — B'HOl; white, non-debquesoent 
lamina.—B',H.,rtCl,: orange monoclinic crys- 
tals, V. sol. water.—B'HAuCl^; monoclmio crys¬ 
tals.—B',H 2 HgCl 4 : hexagonal crystals (TopsoS). 
—B'HHgjOh: monoolinio. — B'HHgsCl,,: hexa¬ 
gonal rhombohedra.—^B',HjCu(^ 4 : monoclmio^ 
B'HNO,. [99°]. Hygroscopic^rystals (Franohi- 
mont, B. T. 0 . 2 , 838 ).-B'H,PtBr,: monoolinio. 
—B'HBil^: scarlet prisms (Kraut, A. 210,817)j— 
B'E.CA: trimetrio plates (Losohmidt, J. 1865, 
876■; SiU. TV. 61 P]?.884). 

Benzene eulphonate . 


[121®] (Norton, Am. 10, 129).—p-Toluone' 
Bulphonate CeH^Me.SOjHB^ [66°] (N.). 

Tetra-ethyl-ammonium hydroxide ^t^OH. 
Obtained by decomposing its iodide by moist 
AgaO or its sulphate by baryta. Very deliques¬ 
cent, hair-like needles. Absorbs CDs from the 
'air. Strongly alkaline, saponifying fats. Its 
solution rubbed between the fingers feels like 
caustic potash; it strongly attacks the tongue, 
and when dilute has a bitter taste. With 
metallic solutions it behaves like potash, except 
that alumina is less soluble in it, and hydrated 
ohromic oxide is quite insoluble. A very con- 
centrated solution, as well as the dry base, is split 
up at 103° into NEt„ water, and CjH,. Its 
solution boiled foe 24 hours with EtI gives 
NEt 4 l and alcohol. 

Salts of Tetraethyl ammonium (Hof. 
mann, C. J. 4, 304; A. 78, 253).—NEtA The 
union of NEt, with EtCl takes place with diffi¬ 
culty in dikte alcoholic solutions (Malbot,A. Ch. 
[ 6 ] 13, 6451.—(NEt 4 )jPtCl 4 : orange pp.; si. sob 
water, v. si. sol. alcohol and ether.—NEt 4 AuCl 4 : 
lemon-yellow pp.; si. sol. cold water and 
HClAq.—(NEt,) 2 HgiCl, 2 : white crystalline pp.; 
sol. water and boiling KGlAq, from which it 
separates as unctuous plates (Hofmann). — 
(NEt 4 ) 2 HgCl 41 dimetrio crystals (Topsoe, J. 
1883,620).—NEt 4 HgCl,: triclinio.—NEt 4 Hg 3 Cl*: 
triclinic. — NEt 4 HgaCl, : monoclinio. — 
NEt 4 Hg 4 Cl„ : hexagonal rhombohedra. — 
NEt 4 Cl 2 l : regular crystals deposited from a 
hot solution of NEt 4 Cl and IClin water (Tilden, 
C. J. 19, 146).—(NEt 4 ) 8 Bi 2 Cl,: six-sided tables 
(JSrgensen, J. pr. [2] 3, 344).—(NEt 4 ) 2 CuCl 4 : 
dimetrio crystals. — NEt 4 Br.— NEt 4 Br, [78°]: 
light-red pp. or orange-red needles (from al¬ 
cohol); v. sol. alcohol and CSo. A solution of 
iodine in aqueous KI added to its alcoholic 
solution throws down NEt 4 l, (Clamor-Marquart, 
J. pr. [2] 1, 429).—NEt,Br^: crimson pp.; gives 
oiT ^ of its Br in air.—(NEt,)sBi 2 Br, (JSrgensen). 
—NEt,!. The union of NEt, with EtI takes 
place slowly in the cold, but when it is started 
at 100° it goes on with gre'at vigour. Large 
crystals (from water); v. sol. cold water, sol. 
alcohol, insol. ether. Decomposed on distilla¬ 
tion into NEtj and EtI. Not acted on by 
KOHAq, but loss soluble therein than in water. 
Decomposed by AgNOj, by AgjSO*, or by moist 
AgsO, yielding NEt,NO,. or NEt 40 H 

respectively.—NEt.I, i red needles (Weltzicn, A. 
86,292; 91, 33).-NEtJ,: [JOS'J; dark-violet 
plates (Geuther, A. 240, CG).--»(NEt 4 l), 5 Hgl 2 * 
from NEt 4 l and Hgl 2 .-(NEtJ) 23 Hgl 2 t yellow 
crystals formed by the action of EtI on N 2 Hg| 
or NHgjHjCl; m. sol. alcohol, not decomposed 
by water (R. Muller, A. 108,6; Sonnenschein, A. 
101, 20 ).-NEt*IHgl 2 : from NEt 4 l, and Hg 
(Riase, A. 107, 224).-C,Jl:HN4HgA„: [160°1; 
fromNH 2 .HgCl and lEt: golden-yeilow crystUs, 
insol. alcohol, ether, and water.—(NEt 4 l),Bi 2 l, 
(.Tfirgensen, J. pr. [2] 3, 339).—(NEt 4 ),W 20 ,s 
deliquescent (Classes* 1 ^* ^^3, 446). — 
(NEtJjMosO, 8 aq : deliquescent (C.). — 
(NEtjaOeSnOjaq: insoluble dimetrio octahedra. 
—(NEt 4 ) 207 Sn 02 aq.—(NEt 4 )jCr 04 : not crystal- 
li 8 ed.-(NEt 4 ) 2 Cr 20 ,: prisms (C.).-NEt 4 ABp,; 
cryBtalUne.-(NEtj 4 Sb.A; deliquescent (C.).— 
Piorate [261®] (Lossen, A. 181, 876).— 
(NEt 4 ),FcCy, 4aq i from AgjFeOy, and NEt^ 
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(Bernheimer, B. 12, 409).—NEt.YO, (Bifley, 
O.J.45,698). 

Tri-ethylunine methylo-hjiroxlda 
HEt,Me(0^. MethyUtri-ethyl-amnumium hy- 
iroxidi. Dtrivativtt : KEt,MeI. From NEt, 
and Uel (Hofmann, A, 78,277). V. e. sol. water,, 
ppd. from its aolntion by EOH.—K£t,MeI,: 
06°]! dark green plateS.-NEt,MeI,: [4-2°]; 
brownish-violet plates.—(NEt,M6Cl),Pt01,: di- 

metrio <^tala_NEt,MeAnCl,: dimetrio.— 

(NEt,MeOl),Hg01,; dimetrio (Topao8, Z.K. 8, 
216). — (N£t,IiIeCll),6Hg01, : mouoolinic. — 
NEt,MeCl(HgCU, ; monoelinio crystals. — 
(NEt,MeCll),OaOV—NEt^Mel, (Mfiller, A. 108, 
6).-Piorato [268“] (Lossen, A. 181,374). 

Trl-^thylamlneiodo-aietlfyl-bydroiido. He- 
rtoativee: NEt,(CH.,I)I. From NEt, and 
flHjT, (LermontoS, B. 7, 1253). Dimetrio tables, 
T. SOL water. Boiling with Ag,0 suspended in 
water gives NEt,(CH,I)OH.-(NEt,CHJ),PtCl,: 
ootabedra. ' 

Trl-ethylamlne amylo-hydroxide 
NEt,(C,H„)OH. Not obtained ciystalline. The 
iodide NEt,(0,B„)I forms slender unctuous crys. 
tals, V. sol. water and alcohol, insol. ether (Hof¬ 
mann, 0. J. 4,313). 

DI-ETHTUKINE SIS11I.FH0NIC ACID 


C.H„N8,0,«.«. NH(CH^CH,.SO,H),. Imuh-di- 
tman* disulphonic acii. Formed by heating 
taurine with baryta-water at 220“ (Salkowsky, 
B 7, 117). 

ETHTIr.AiniEI,IN£8 v. Cyanuric acid in 
the article Ovuno acd>. 

ETHYD-Aira is Hams*. 

DI - ETHYL. AMYL - AMINE NEt,(C,H„). 
(164°). Obtained, together with water and 
ethylene,by the dry distillation of NEt,(C,H| |)OH 
(Hofmann, C. J. 4, 315). Liquid, sol. water. 

ETHYL-ISO-AMYl-ANHINE C„H.,N i.e. 
NPhEtjO,H„). Mob w. 191. (262°). From 

isoamyi-aniline sndEtBr; or from ethyl-aniline 
and isoamyl bromide at 100° (Hofmann, A. 74, 
156; 79,13). Liquid. Its hydrobromide is re- 
lolv^ by distillation into ethyl-aniline and iso- 
amyl bromide. TOO, and H.,SO, give a product 
[ 0 . 72°) (Van Eombnrgh, H. T. 0. 2, 103).— 
B',ftPtCl.: [100°]. 

Mathylo-iodide NPhEt(C,H„)MeI. Afoist 
Ag,0 forms NPhEt(C,H„)MeOH, which is re¬ 
solved by distillation into ethylene, water, and 
methyl-isoamyl-aniline. Gives the platino- 
chloride (NPhEUC.H„)MeCl),PtCl,. 

DI-ETHYL-IBOAMYL BOEATE 
EUC,H„)BOr* (174°). S.O.M-858 (Schifr,d. 
SupplTi, 164). 

Etbyl-di-uoamyl berate Et(C,H„).J!0,. (c. 
218°). S.G.s-876. 

HIHYL ISOAMYL CABBONATE 
Et(0,H„)CO, (182° cor.). S.G. M -92 (BBse, 
A. 205,230). POl, gives 0,H„O.C001 and EtCl. 

EtSYL Aim KETONE OA.CO.CEtMe... 
EQml-amyl-pinaeolm. (161°). S.G. 2 -SIS; 
31-829. From QEtMerCOOl and ZnEt, (Wysch- 
negradsky, A. 178, lOf,. Formed also ,by 
boiling tns pjnaoone CMeEt(OH).OMe£t(OH) 
with diluted ^80, (Lavrinovitch, A. 186,12^. 
Gives on oxidroon acetic acid and CEtMepOO,H. 

Ethyl amyl ketone 0^,/>. (164°). S.G. 
«11. Odonn whom the by-products in Uie pre- 
pewtion ot ether (Kwtwig, [2] 23, 443). 
Oil, smel^Ul^e camphor. BeduoM to a secon¬ 


dary alcohol GgHjeO. Oxidation gives propionic 
and valeric acids. 

£XETL I80A1C7L OXIDE 0yH,«0 ve. 
£t.O.GjH„. Ethyl amyl ether. (112®). V.D. 
4 04. S.a W ‘704. H.F. 49,000 (Berthelot). 
Prepared by the action of potassium isoamylate 
EOCsH,, on EtI; or of potassium ethylate on 
isoamyl iodide (Williamson, 0. J. 4, 233). Kot 
formed by distilling a mixture of ethyl and iso- 
amyl alcohols, since amy lene is given off (Guthrie, 
A. 105, 37). Oil, lighter than water, smelling 
like sage. 

Ethyl (ert-amyl oxide Et.O.CMe.^t. (102®). 
S.G. 2 '779; ia . 751 . A by-product in the for¬ 
mation of amylene by the action of alcoholic 
potash on tert-amyl iodide: the yield being 
2 p.o. (Kondakoff, 7. B. 1887, 300: Beboul, O.di. 
64, 1243). 

DI-ETHYL-ISO-AMYl-PHOSPHINE 

Et 2 ( 04 H„)P, (186®). Formed by treating di-ethyl- 
isoamyl-phosphine hydrochloride with NallO. 
A colourless slightly viscid liiiuid (Collie, C. J> 
63, 722). 

Tri- ethyl - iso - amyl - phosphouium chloride. 
Formed by heating iso-amyl chloride with tri- 
ethyl phosphine at 130° in a sealed tube (Collie). 
Very deliquescent. Decomposed above 300° into 
ethylene and di-ethyl-isoamyl-phosphine hydro- 
chlorideEti(CjH„)PHCl.Theplatinoohloride 
forms thick needles. M. sol. water. 

TBI-ETHYI-I80AMYL SILICATE 
Et 3 (C 4 H„)SiO,. (21()®-225°). From isoamyl alco¬ 
hol and ClSi(OEt), (Friedcl a. Crafts, A. Oh. [4] 
9. 5). 

hi-ethyl-di-lsoamyl silicate £ 1 ^( 0411 ,iljSiO,. 
(245®-250°). S.G. 2*916. From Cl,Si(OEt), and 
isoamyl alcohol. • 

Ethyl-iri-isoamyl silicate Et(C 4 H„),SiO, 
(280®-286®). S.G. 2 *013. From ClgSiOEt and 
isoamyl alcohol. 

ETHYl-ISOAMYL SULPHIDE C.H,„3 i.e. 
EtS.C^H,,. (160® i.V.) (B.). S.G. 2 *852.. From 
NaSCjH,, and EtI; or from Cjll,,! and NaSEt 
in dry alcohol (E. 0. Beckmann, J. pr. 125, 449; 
A. Saytzeff, A. 139, 301). Colourless oil with 
alliaceous odour. Mel at 100'* gives SMeJ, 
ethyl iodide, and llgl; forms a com¬ 

pound HgI,2SEt(C,H„). 

Ethyl • amyl -di- sulphide (C ,H 5 )(C 4 H„)S 
Formed by oxidation of an ethereal |olution of 
ethyl- and amyl-mercaptans with bromine. Thin 
colourless liquid. Volatile with steam. Lighter 
than water. Miscible with alcohol and other, 
insol. water (Otto a. Rdssing, B. 19,3134). 

»ETHYL-ISO-AMYL STTLPHONE 
Et(C4H„)SOr-[14®]. (270® i.V.). S.G.lfil‘032. 
From ethyl-isoamyl smphoxido {q. v.) and aque¬ 
ous KMnO. (E. 0. Beckmann, J.pr. 126,460). 

ETHYL-ISOAMYL SULPHOXXDE 
Et( 04 H„)S 0 . From ethyl-isoamyl sulphide 
(1 pt.) and (2 pts. of) HNOj (S.G. 1*4). Ci^stal- 
line (Beckmann, J. pr. 125,449). Oil, solidified 
by a freezing mixture at —16®. May be reduced 
to ethyl isoamyl sulphide. 

ETHYL-ISOglUYL THIOCABBONATE v. 
Ethyl tkiocarbon^te. 

ETEYL-ANHYDBACETOKE BENZILo. vol 
i. p. 462. 

£TETL.AimiHEC 4 E,iKUKPh£tE. Mol 
w. 121. (204°). S.G. *964. Formed by heating 
a mixture of antliaa with excess of EtBrio boU- 
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log j on oooling, a mass ol crystals ol its hydro- 
bromide is lormed (Hofmann, 0. J. 3,286). Pre¬ 
pared by saponifying its acetyl dcrivatiTS with 
boiling alcoholic KOH; the acetyl derivative 
may be obtained by warming alcohol (800 g.), 
acetanilide (76 g.), KOH (31 g.), andEtBr (66g.); 
the reaction is at first violent, and the yield of 
ethyl-aniline is 41 p.o. of the theoretical (Pictet, 

21 20, 3422; cf. Hepp. B. 10, 327; Blsbach, B. 
15, 690). Prepared also by heating aipline hy¬ 
drochloride with ethyl alcohol (l^V mol.) for 
8 hours at lOO"; the yield being 62 p.o. of the 
theoretical (Reinhardt a. Staodol, B. 16, 29). 
Commoroinl ethyl-aniline may bo purified by 
fractional treatment with phthalio anhydride 
(Piutti, A. 227,181). 

Properties.—Oil, sol. alcohol, smelling like 
aniline. Gives no blue colour with bleaching 
powder solution; colours fir-wood and elder pith 
loss strongly yellow than aniline. Turns brown 
ill air and light. 

Beactims.—l. HNO, gives oft COj and red 
fumes, but forms also tetra-nitro-ethyl-auiline 
(Van Rombnrgh, Tl. T. C. 2, 31).—2. Nvtrous 
acid forms the nitrosamino C„H.,NEt(NO), a 
heavy yellowish oil, v. sol. alcohol and ether, 
reiitral in reaction, and re-converted into ethyl- 
aniUiio by treatnient with zinc and dilute H.,SO, 
(Gricss, B. 7, 218).—3. A solution of acetone 
Lturatod with SO., forms large crystals of 
C,H,OSO,NPhEtH (Boessncck, B. 21, 1906).— 
4.* Its phenyl-ethyl-phthalamate loses H,0 at 

200°, becoming CO<^Q“^*^C(NPhEt )3 (Piutti, 

A. 227, 181).—6. Cyatwoen chloride forma 
PhUEtCy (271°) (Oloiiz a. Cahours, A. 90,94). 

Salts.—B'HBr; large trimetric tables (from 
alcohol) •, V. e. sol. water (Hjortdahl, Z. K. 6, 
473 ).-B' 3 H,PtCh; long noodles; v. sol. water 
and alcohol.-S'KOP : crystalline mass; con- 
vertedjit 320° into the hydroclilorido of amido- 
phenyl-ethane C.H,Et.NIL (Hofmann, 12. 7, 
826).—B'HBrCdBr,; trimetric.--B'jIIjSnBr,: 
monoolinic.—B'HI: trimetric tables.—Ethyl 
sulphate B'HEtSO,Et.,SO,; prisms; from 
NPhEtll and EtjSO, in benzene (Claesson a. 
Eundwall, B. 13,1704). 

Formyl derivative 0«HjNEtCHO. (260 ), 

B. G. m 1063 (Pictet a. Cr6pieux, B. 21,1106; 
cf. Tobias, B. 16, 2806). 

Acetyl derivative C,H,NAcEt. [65°]. 
(249°); (258°) at 731 ram. (P. a. 0.). From 
sodium acetanilide and Etl. Also from di-cthyl- 
aniline and AcBr. Prisms; sol. ether (Elsbaph, 
£.16,690; Staedel, £. 10,29; 10- 

Benzoyl derivative C,H,.NEtBz. [00 ]; 
large crystals; v. sol. alco)jol, ether, <ko., rnsok 
water. Formed by heating di-ethyVanuine with 
benzoyl chloride at 200° (Hess, 1®-, 

Di-athyl-sniUne 

w 149 (214°). B.G. 15-936. S.H.-476 between 
8° and 80° (B. Sohiff, G. 17, 286). formed by 
heating ethyl-aniline with excess of EtBr (Hof- 
mann, A.74.186). Preparedbaheatingamlme- 
hydrobromids (or hydtoicdidb) with (2A mols. 
of) ethyl alcohol to 160° f^ 8 hours ; the yidd 
is 98 p.o. ol the theoretical (Bernhardt a. Staedel, 

B. 16,29). , 

Prepsrf»«s.-O0. Gives no colour wito 
powders Does iwjt turn dioto in ear. 
BenwloWoride at 180® lowna EtOl aadbenaojl- 


ethyl-aniline (Hees, B. 18, 687). AeBr lorms 
EtBr and NPhEtAo (Staedel, B. 19, 1948). 
HNOt forms tetranitrO'ethTUaniline (Van Bom- 
burgh, Be T. 0. 2, 31). Nitrous aoid gives ni* 
troBO-di-ethyl-aniliue OgH 4 (NO)NBt„ which crys* 
tallises from ether in green prisms [84®], an^ 
dissolves in dilute acids. 

Salts.—B'HBr: four-sided tables; sublimes 
in needles.—: yellow prisms (from 
alcohol); less soluble than the platinochloride 
of ethyl-aniline.—B'jHjCljSnBtg: monoclinio 
prisms (Hjortdahl,<7.1882,524).—B'sHjBrjSnBrg. 

Melhylo-iodide B'Mel: [102^]; identical 
with methyl-ethyl-aniline ethylo-iodide. By 
treatment with KDH it gives methyl-ethyl- 
aniline (Claus a. Howitz, B. 17, 1326). The 
corresponding hydroxide splits up on distillation 
into ethylene, water, and di-ethyl-aniline. Its 
salts are; (NPhEt,Cl)^tCl 4 .-NPhEt,I, [81®]. 
NPhEU. [68®1 (Dafert, M. 4, 602). 

Ethylo-iodide NPhEt,!.—NPhEt,OH.— 
NPhEt,Cl. — (NPhEtjCljjPtCl* (Hofmann, A. 
2 ). 

Be/mnees.— Bromo-,Chlobo-,Chlobo-nitbo-, 
and Nitbo. ethyl-aniline. 

ETHYL-ANILINE AZYLINE v. Di-eihyl- 

amido-benzcne-A-Zo-di-etkyl-aniUne. 

ETHYL-ANILINE SULPHONIO ACID '«, 

EtHYL-AMIDO-BENZBNE SULPnONIO ACID. 
ETHYL-ANTHKACENE OuH,. ot 

[61°]- Large platofc 

Prepared by reduction of ethyl-oxanthranol with 
zino-dnst and NH, (Liebennann a. Tobias, B. 
14, 802; A. 212, 109). Piorio aoid com¬ 
pound [120°]. _ 

ETHYI.-A1ITHKACBHE-DIHTDBEDE 0,.H„ 
or 0 .n,<^™‘>C,H,. (322° cor.). B.G. {J 

1049. Prepared by reduction of ethyl-oxan- 
thranol with P and HI (S.G. 1'7) (Liebermann, 
Be 13, 1000; A. 212, 76). Clear fluorescent 
liquid. Miscible with alcohol, ether, benzene, 
and acetio acid in all proportions. Cautious 
treatment with CrO, in glacial acetic acid recon¬ 
verts it into ethyl-oxanthranol; further oxidation 
gives anthraquinone. 

Di-ethyl-anthracene dihydride 

C.H,<^^‘'>C.H.. [60°]. From di-cthyl-an. 

throne, HIAq (B.G. 1-7), and amorphous phos- 
phoms at 190° (Goldmann, B. 21,1176). Colour- 
less crystals, v. sol. ligroin, ether, and CSj. Oxi¬ 
dised by CrO, in HOAo to di-ethyl-anthrone. 

Ethyl-anthraeene-hydride-nitrite 

0 ,.H,( 05 ^,)(N 0 ,),. [ISO®]. Large crystals. SoL 
benzene. Prepared by the action of HNO, on 
an acetic acid solution of ethyl-anthracene- 
hydride. On oxidation with CrO, it gives anthr^ 
quinone (Liebermann a. Landshoff, B. 14, 478). 
KIHYl - AKTHBAHOL Ethyl ether 


0 ,*H,^^**^^**^C,H,.’ [77°]., Formed by the 

action of ethyl iodide and KOH on aathiancd 
(Goldmann, B. 21,2606). Needles (Irom dilute 
alcohol): V. e. sol. benzene, ether, and Mtroleuin 
ether. Oxidised by bhromio aoid.te aOiyl^naa* 

thranol [106°}. 
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DI-BTHXL-ANXHKUIN Jfi. 


»I.BTHYI.:AJlTiniOK® 0„H,,0 m. 

Formed together with the 

ethyl derivative of anthranol 
/0(OEtW 

by foiling anthranol with 


eono. KOHdq and EtI {Ooldmann, B. 21,1176). 
[136®]. Coioorless crystals, v. sol. benzene, 
chloroform, alcohol, and ether, sol. ligroin, 
insol. aqaeons alkalis. Oxidised by GrOj in 
HOAo to anthraquinone. Does not combine 
witii Br. Not affected by HCl in HOAo at 180®. 

ETHYL AK8ENATB .(237®). 

S.G. ^ 1*826. Decomposed by water into aU 
oohol and arsenic acid (Grafts, Bl. [2] 14,09). 

ETHYL AESENITE (CjH5)^60... (166®). 
S.G. j 1’224. Formed from AgjAsOs and EtI. 
Prepared by the action of NaOEt rn AsCl, or 
AsBri in alcoholic solution. Only # of the csU 
culated quantity of NaOEt is used, to avoid 
saponification of the ether. Excess of AsBr, is 
removed by passing in dry NH, and filtering from 
the pp. Arsenious ether is also formed by heat¬ 
ing EtfSiO^ with ASjO, at 200°. It is not affected 
by dry NH, but is decomposed by water into al¬ 
cohol and ABjOj. HBr gives alcohol and AsBr, 
(Grafts, HI. [2] 14,99). 

ETHYL-AESINE8 r. Arsenic, organic com- 
jrouNDs op. 

ETHYLATION OF BASES. The displace- 
ment of hydrogen by ethyl in primary and 
secondary bases is usually effected by heating 
with ethyl iodide (bromide or chloride), the re¬ 
sulting compound being decomposed by potash. 
Another method consists in heating the hydro¬ 
chloride (hydrobromide or hydroiodide) of the 
base with 10 p.o. more than the calculated quan¬ 
tity of ethyl alcohol at 150° for 8 hrs.; the jdeld 
varies from 28 p.c. to 99 p.o. of the theoretical, 
According to the base. The reaction takes place 
most readily with the iodide, and least readily 
with chloride *\e/. Beinbart a. Staedel, B. 16, 
29). _ 

ETHYL-ATBOLACTIC ACID v. Ethyl den- 
vaiwe of C- OxT-a-PHBNYL-PBOPIONlO ACID. 

ETffTL-ATROPINE v. Atropinb. 

ETHYL-AZADBOLIC ACID v. Azaurolic 


ACID. 

ETHYl-BABBrniEIO ACID v. Ethyl deri¬ 


vative of Babbitabic acid. 

ETHYL.BENZENEC«H„t.e. C,B,.C 5 H 5 . Mol. 
W.108. (186® i.V.). S.G. *,® *8673 (Bruhl, A. 
286, 12); ? -8760 (Schiff, A. 220, 92). C. E. 
(9-9® to 186'8°) ‘00129. V.D. 3*65 (calc. 8*66). 
S.V. 188*9. 1*490. S.H. *893 at 0° (Schiff, 


A. 234,800). 

Oceurrenee.^-hx Dippel’s oil (Wcidel a. Cia- 
mician, B. 18,70). 

Forviatioru—h From EtBr, C^HjEr and Na 
(Pittig, A. 131, 810; 183, 222; 144, 278).-2. 
From benzene, ALCl^ «ad EtCi or ethylene 
(Friedel a. Grafts, A. Oh, [6] 1, 467; 14, 466; 
Bennie, 0. /. 41, 88; Balsohn, Bl. [2] 81, 540; 
SfiUsoher, B. 16,1680).—8. By heating benzene 
(4 pt*.) with ether (1 pt.) wd ZnOl, (2 pts.) for 
12 Wm at 180®^alMhn, BL [2] 82,617)'—4. 
According to Berlhelot (BL [2] 9, 289) it u 
among the ^odoets obtained by.heatiog naph- 
thAtene with eoDfi. HTAa (20 pto.)*—& Aoom^d* 


ing to Friedel a. Grafts (Bl. [2] 89, 195) it if 
among the carbonaceous products of the action 
of AljGl, on benzene at 200°.—6. By heating 
styrene with HIAq (20 pts.) (BerOielot, Bl. [2] 9, 
465). 

Pi'opfirftss.—Liquid, resembling toluene. 

Reactiona.-^l. On passing through a red-hot 
tube it is decomposed forming styrene (2 p.o.) 
benzene (16 p.o.), toluene (1 p.o.), naphthalene (2*2 
p.o.), naphthalene dihydride, diphenyl (*6 p.c.), 
phenanthrene (2-6 p.o.), and anthracene (*4 p.o.) 
(Berthelot, Z. [2] 4. 689; Ferko, B. 20, 66.S). 
2. By prolonged oxidation with dilute HNO, 
or CrOj it is converted into benzoic acid. When 
the oxidation is incomplete there is formed a 
small quantity (10 p.c.) of acetophenone (Friedel 
a. Balsohn, Bl. [2] 82,616).—8. In carbon di¬ 
sulphide it yields with chromyl chloride GrOjCl* 
a chocolate crystalline pp. of composition 
PhEl 2 CrO,Cl 2 converted by moisture into phenyl- 
acetic aldehyde (fttard, A. Ch. [6] 22, 246).—4. 
Converted by boiling with AljCIj intop-di-ethyl- 
benzene and a Httlo m-di-ctbyl-benzene (An¬ 
schutz, A. 235,189).—5. Chlorine under the in¬ 
fluence of light forms «-ohloro-ethyl-benzene 
(Schramm, M. 8, 101).—6. By the action of 
bromine in the dark, or of bromine in pesenco 
of 3 p.c. of iodino in diffused daylight it yields 
a mixture of o- and p-bromo-ethyl-benzene 
(Schramm, B. 18,1272; if. 8,304). 

m-Di-ethyl-ben*ene. [-20°]. (182°). S.G. 

*8602. Formed, together with the p-isomeride, 
when benzene is acted upon by EtBr in presence 
of AlCl, (Voswinkel, B. 21, 2829). Forms no 
compound with picric acid. Dilute HNO, gives 
isophthalic acid. Gives C,H,BrEt 3 (238°) and 
[74“]. 

^-Di-ethyl-benzene C,„H„ i.e. C,H,(CjH,), 
Mol. w. 134. (181°) (A.). S.G.'5?'871. 

Formatim.—l. From p-di-bromo-lienzcne 
[89°] by treatment with sodium and EtI (Asch- 
enbrandt, A. 216, 212; B. 12,1303).—2. From 
p.bromo-ethyl.bonzeno, Na and EtI (Fittig, A, 
144, 285).—3. A di-ethyl-benzeno (179°-186°) 
is formed by passing ethylene into benzene con¬ 
taining AhCl, (Balsohn, Bl. [2] 31,640; Friedel 
a. Crafts, A. Gh. [6] 14,466).—4. By passing EtCl 
into benzene containing AljCl, a di-ethyl-ben¬ 
zene is formed which on oxidation By chromic 
mixture gives on acid 0 .i^(C 0 jH;.CHjC 03 H 
subliming at 210° (Alien a. Underwood, Bl, [2] 
40, 100). , _ . 

„Beactima.—l. Gives ethyl-benzoio aoid on 
oitifafion by dilute HNO,. Chroraio acid mixture 
forms terephthalio acid.—2. 0r0,01, forms a 
compound Oja:.Et,aPrO,Cl, omverted by water 
into phenyl-acetic aldehyde (Etard, A. Oh, [6] 
22, 252). 

s-Trl-etbyl-benzene C„H„ i,t. 0,H,Et, 
[1:3:6]. (218°). Formed by treating a mixture 
of acetone and methyl ethyl ketone with H,SO, 
(Jacobsen, B. 7,1480). It yields trimesio aoid 
C,H,(COJ0O, ontoiidation. Tri-ethyl-benzenes 
are also formed by the action of ethylene on 
benzene in presenoe of Al,01y (Friedel a. Crafts. 
A. Ch. [6] 14, 466), the chief produot being 
s-tri-e&yl-benzene. On oxidation by OtO, this 
mixture nves an add 0, AO. orystallising in 
large neSles, end nltimately trimesio acid 
(Fnedd a. 31. [2] 84,684), 
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I .Tetri • etkyl - bemene OjH,Et,[l:2:4:6]. 

(200’). Formed, together with the con- 
ieontive isomeride, by the action ol BtBr and 
AJOl, on benzene; the product (250°-266 ) »a 
treated with CISO^H, and the sodium eaite of 
the resulting sulphonio acids orystaihsed from 
water. The Na salt ol s-tetra-ethyl-berizene 
sulphonio acid crystallises first, and the residual 
ftcid is converted into Ba salt. After b^um 
c-tetra-ethyl benzene sulphonate has ory^tallisea, 
there may still be obtained from the mother- 
linuor a snlphamide [100°], possibly belonging 
to i-tetra-ethyl-benzene. The sulphonio acids 
are hydrolysed (Jacobsen, B, 21, 2820). ^r^' 
talline mass; oxidised by dilute HNO, and by 
KMnO, to pyromollitio acid. ’Br gives CiBr-Et, 

^'^^c-Tetra-ethyl-benzene C,Hj(C,Hj),[l:2:3:4]. 
(254° cor.). V.D. (H» 1)189-6 (obs.). Colour, 
less Uquid. Lighter than water. Prepared by 
heating benzene with ethyl bromide and AljCl, 
ftt 100®. On oxidation with KMnO* it gives 
prehnitic acid OA(CO,H). (Galle, B. 16,1745). 
Forms C.Br.,Bt, [77*] (J.). _ „ 

Penta-ethyl-benzene C,HEt,. (277 ). S.G. 

5? .8986. Obtained from benzene by the action 
of EtBr and AlCl,. Purified by conversion into 
the sulphonio acid by CISO 3 H, crystallisation of 
the Ns salt, and subsequent hydrolysis (Jacob¬ 
sen, B. 19,1209 ; 20, 896, 2867 ; 21, 2814). Oil. 
Does not solidify at -29°. HNO, docs not give 
a nitro- compound. When treated with cone. 
H,80„ followed by fuming HjSO, there is formed 

'’•°H«»“thyltbe‘Szene O.(CA).. [129°]. (298° 
cor.). V.D. (H = l) 242-1 (obs.). bomied by 
heating benzene with ethyl bromide and AI,Ct, 
at 100° (Galle, B. 16, 1716; Jacobson, B. 21. 
2820). formed also by passing EtCl into 
benzene containing AlgClu (Albright, Morgan, a. 
Woolworth, 0. B. 86, 887). Long colourless 
monooUnio prisms, Sol. alcohol and ether, si. 
■ol. acetic acid. Easily sublimes. 

Bs/«r«nces.—B bomo-, Bbomo-nitbo-, Cm/iBO-, 
CBLOBO-MITBO-, NiTKO-, *0., EIH5L-BBN^Km 

ETHYL-BENZENE CAEBOXYLIO ACID v. 
famth-monomo iom. „ t, n 

Ethyl-bsnzene di-carboxylio acid 
i.e. 00 ,H.O.H..CHMe.CO,H. [147°]. From its 
nitrile imd fuming HCl at 200° (Gabriel, B. 20, 
2604). Crystalline powder. 

Nitrile CN.C,H,.CHMe.CN. [37°]. (285°). 
From CN.C,H,.CH,CN by treatment w^h alco¬ 
holic KOH and Mel. Tnolinio prisms (Fo*,B. 
20, 2601). V. sol. alcohol and ether. Cone. 
H,SO,at 126° converts it quickly into the imide 
[146°], whence FOCI, at 200° 

gives chloro-oxy-methyl-isoquinoline. 

Isomeride v. Osbboxv-phbnvl-pbopionio acid. 
ETHYL-BENZENE BBLPHOHIO ACID 
0,H,Et{SO.H). Two acids of this composition 
are obtained by digesting ethvl-bMzene with 
fnming H,SO, at 100°. The m4b abundant Mid 
forms the less soluble K ialt.Vhmh OTys^ses 
wdl and yields an amide [ 108 ^; fusM mm 
KOH it yields soUd ethyl-phenol (Ohrustsohoff, 
JS.7,1166). , 

m-Bthyl-beniene sulphonio »•“ 

-1,90,H [1:8:4 71. From the hydrMUhon 

Toswintel, 


and ClSO,H (Voswinkel, B. 21, 2880 ).—KA'aq: 


I dimotrio tables. — BsA', 8aq: prisms, m. toL 
water.—CuA',4aq: blue plates. 

1 Amid» C,H,Et,SO,NH,: [102°]; noodles 
(from aloohol). 

p-Bi-ethyl-benzeue sulphonio acid 
D,H,EtiSO,H). From di-ethyl-benzeno and 
fuming ^80, (Fit% a. Kdnig, A. 144, 277: 
Asohenbrandt, A. 216, 214; Bemsen a. Noyes, 
Am. 4, 200). Deliquescent laminse. 

Salts.—KA’Siaq.—NaA'.—BaA',4aq: leaf¬ 
lets. S. (of BaAy 6-1 at 23°.—SrA', 4aq.— 
CaA’, 5aq.—OnA'j 6aq: blue plates.—PbA', 3aq. 

—HgA'r — NiA', 6sq. — OoA', 6aq. — MgA', — 
AgA'. 

Amide C.H.Et,(SO,NHJ. [97-6° cor.] 
Leaflets, si. sol. water. 

s-Tetra-cthyl-benzene sulphonic acid 
C,HEt,80,H. From s-tetra-othyl-benzens and 
C1S0,H (Jacobsen, B. 21, 2820).—NaA', 4aq: 
plates (from water), or tables (from alcohol); el. 
sol. cold water, insol. dilute NaOH Aq.—BaA', Oaq: 
scaly crystalline pp. Si. sol- boiling water. 

Amide C„HEt,SO,NH,: [122°]; trimetria 
plates (from dilute alcohol). 

c-Tetra-ethyl-henzene sulphonio acid 
C.H(C,H,),SO,H. Silky plates or long needles. 
Formed by eulphonation of c-tetra-ethyl-benzene. 

Salts.— A'Nafiaq : mioroeoopio plates.— 
A',Ba6aq: flat prisms.—A',Cu 8aq: light-blue 
plates.—A'jCd 7aq: large flat prisms. 

AmidcO.H(C,H,),SO,NH,: [107°]; glisten- 
ing scales or large monoolinio prisms, v. sol. 
alcohol and acetic aeid, el. eol. petrolenm-ether 
(Gallo, B. 16,1745). 

Penta-ethyl-bonzene gulphoaio acid 
CJ5t,SO,H. From ponta-othyl-benzene and 
ClSOjH (Jacobsen, B. 21, 2814).—NaA'4sq; 
thin pearly plates (from water); m. sol. oold 
water, insol. dilute NaOHAq, v. sol. alcohol.— 
KA'2aq: six-sided, trimetrio plates (from water), 
prisms (from alcohol); si. sol. cold, m. sol. hot, 
water, v. e. eol. eleohol.-NH,A'aq: trimetric, 
six-sided plates, si. sol. oold water.-BaA',9aq ; 
from the Na salt and Ba(OAoV SmaU soalos; 
V. bI. Bol. boiling water. 

Chloro-ethxl-bbnzbni toi^ho* 

*"°ETHYL.BENZHYDK0XAM1C ETHEE v. 
BeNZESXL-ETHOXIM BTHTIi ethbb. 

IBTEA-EIHYL-BENZIDINE *. Tbiba. 

BTHVI.-»t-AMn)0-Dirni!NVL. , _ 

ETHYL BENZOATEv.Bfl»#tefk«rofBBSZOiq 

o-ETHYL-BENZOIC ACID 0,H,.0, t.«. 
0,H,EtC0,H[l:2]. Mol. w. 150. [68°]. Formed 
by reduction of tri-chloro*, or di-ohloro-bioxn^p 
vinyl-benzoio acid with sodium amalgam (Zmeke, 
Be 20, 2066). Formed also by reduction of aw* 
tophenono carboxylic acid 
acid OA( 0 . 0 ,)OH.CO,H with ffl ^ 

(Gabrid a. Michael. B. 10, 2206 )--Slender fiat 

needles.—AgA': long needles._, „ 

m-Ethyl-henzolo wield 0,H,Et.CO|H [1:#]. 
riboT Formed by oxidising ^•di-ethyl-benzeno 
^thdfll wl. (Jaoobsm B 21. 

Needles, insol. oold water.—CaA,4aq. needlls, 

|JlithJl-beMolo acid AEgEt.OOffil?l]. 
00, upon f-itomo-ethyl-ben»eae (KeknU; 4. 
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BTHYL.BENZOIO AOlD. 


187, 178; Kefailfi a. Thorpe. C. 22. 366).- 
2. By oxidisiBg di<etbyl*benzene with boiling 
dilate HNO, (FUtig a. Ednig, A. 144, 277; 
Asohenbrandt, A, 216,218). 

Propar^ies.—Small plates (from water) or 
prisms (from alcohol), y. si* sol. cold water, y. 
sol. alcohol, ether, chloroform, and benzene. 
May be snblimed. Melm tmder water. Gives 
terephthalio acid on oxidation. 

SaU8.-BaV,2aq (A.).-BaA'j, aq (F. a. K.). 
S. 2.—-CaA'j 3aq (A.)—CaA'^ 2aq (F. a. K.): 
feathery tufts of needles.—CuA', xaq.—AgA': 
needles (from hot water). 

Di.euyl'benzoio acid G,,H,f 02 t.e. 
C^HsEtpGO^. Formed, together with benzoic 
acid, by fusing di-ethyl-carbobcnzoie acid 
with potash (Zagoumenny, A. 184,171). 
Oil.—AgA': lamioiB (from water). 

Pe/erences.—C hloro* and Nitbo- bthil- 
BBHZOIO AOtOS. , 

ETHTL'BEHZOFEEKONE v. Piienyl-rthyl- 

PHERTL-XETONE. 

BTHYI..BBNZOYL-ACETIC ACIB t>. Benz- 
Onri tCKTIO Acn>. 

BTHTI-BEKZYL- v. Benzyl-ethyl-. 
ETHYL-BIBBKZTL v. Pjienyl-etbyl> 

PHENYL-ETHANE. 

BTHYL.DI-BENZYI.PH08PHI1IE 
BtP(0,H,),. (320®-330«). Formed by treating 
with HaOH the distillate from £t 2 P(C 7 ll,) 2 Cl 
(o. infra) (OolUe, C. /. 63,725). 

Binaylo-chloride EtP{C,H,) 3 Cl aq. De- 
oomposedon distillation, givingethylene,stilbcn6, 
HCl, <feo. 

2)i-ethyl-ben*yl-phosphine Et,PC,H,. (250® 
-256®). Formed by distilling Et,PC,H,Cl and 
treating the resulting £t 2 PC,H,CIII with NaOH 
(Collie, C. /. 63, 724). 

Oxide Et,(0,H;)PO. (329®). Formed as 
above, and also by heating Et 2 (G,H,) 2 pOH. 
Long needles. Converted by Na into Et^PG^H,. 

5ttlpAid!eEtj(C,H,)PS. [95®]. (300®-310®). 
Formed oy adding 8 to an ethereal solution of 
EtsPO,H,. Crystalline; insol. water. When 
heated with Ea the phosphine EtsPC.lI, is 
liberated. 

BemylO’Chloride £t 2 P(G,H;) 2 Cl. De¬ 
composed on heating into GaHf and 
BtP(0^),ClH. 

ETHYL BEKZYL SULPHIDE n. Ethyl 
derivative of BENrrxL mercaptan. 

TBI -ETHYB - BISUUIHIKE v. Bismdxh 

TBl'BTHXDE. 

TBI - ETHYL . BIUBET C.R^NjOj i.e. 

NEt(GO.NHBt),. Formed by warming cyanurio 
ether with bar^ (limpricht a. Habioh, A. 109, 
104; Nenoki, B, 9, 1011). Thick oil, si. sol. 
water, v. sol. alcohol and ether. Split up on dis¬ 
tillation into cyanic ether and di-ethyl-urea. 
ETHYL BOBATE8. 

Ethyl ortho-borate (C 3 H 3 )|BO,. (120® i.V.). 
S.G.ft'887;^*861. V.D. 6-14 (calc. 6 07). Pre¬ 
pared 1^ the aotion of ^cohol on BCl, (Bhel- 
men a. Bouquet, A, Ch, [3] 17, 66; Bowman, 
P. 2A. [8] 29,646). Formed also by distilling a 
mixture of dry ICEiSO* with anhydrous borax 
(Bose, P. 98, 246), and by the action of absolute 
alcohol as powde^ BsO, (Sohiff, Bl. [2] 6, 872; 
6,86). Colourless liquid with alcoholic odour. 
Bomi vitb green flame. Mixei with ether and 


alcohol. Decomposed by water in a few minutes 
into alcohol and boric acid. HNO, gives nitric 
ether and boric acid. Acetic acid forms acetic 
ether and B.O,. POL forms EtOl, POOL and 
EtBO,. 

Ethyl motaborate EtBO,. Among the pro¬ 
ducts of the action of alcohol on B^O,. Dense 
liquid, absorbs moisture from the air, being 
split up into alcohol and borio acid. Gives with 
alcohol Et^O,. Acetic acid at 190° gives acetic 
ether and HBO,. Cannot be distilled, for it 
splits up at high temperatures into EtjBO, and 
gummy EtB^Oj, which behaves like EtBO, to¬ 
wards water and alcohol. 

ETHYL-BORIC ETHER EtB(OEt),. The 
compound EtB(OEt) 2 ,B(OEt)s ( 112 °) is formed 
by aotion of ZnEt^ (2 mols.) on boric ether (1 mol.). 
Water decomposes it into ethyl-boric acid 
BEt(OH)j and alcohol (Frankland, Pr. 25,165). 

Di-ethyl-boric ethor Et^B.OEt (103°). From 
ZnKtj and EtB(OEt) 2 ,B(OEt)j. Dry oxygen con¬ 
verts it into BEt(OEt) 2 . Water converts it into 
diothyl-borio acid Et^B.OH, which absorbs oxy¬ 
gen from air, forming crystals of EtB(OEt).OH, 
whence H^O forms alcohol and EtB(OH) 2 . 

ETHYL BROMIDE C.^H.Br. Bromo-ethane. 
Mol. w. 109. (38-4°). S.G. ¥ 1*4189 (Monde- 
lejclT); 1*4555 (Weegman, Z. P. G. 2, 218); 
1*4499; II 1*4325. M.M. 5*851 at 19*7°. S.V.77*07 
(Schiff). Critical temperature : 230° (Pawlewsky, 
k 16, 2633). 

Formation.—1. The rate of formation from 
alcohol and HBr has been studied by Villiers 
(C. B. 90, 1488).—2. When a mixture of ethyl- 
ene and HBr is passed over Al.^Bry there is formed 
Al-BrjC^H^, ethyl bromide, and saturated hydro¬ 
carbons (Gustavson, J. pr. [2] 34,161).—3. Toge¬ 
ther with other products by healing alcohol (1 pt.) 
with bromine (3pts.) (Ldwig, A. 3, 291). 

Preparation.—1. By adding bromine (8 pts.) 
gradually to alcohol (40 pts.), mixed with clear 
phosphorus (Ipt.), and distilling (Seruilas, A. 
Ch. 34, 99). Personne (C. J5. 52, 468) employed 
red phosphorus (40 g.) with dry alcohol (160 g.) 
and bromine (100 g.).—2. By mixing H^SO* 
(10 pts.) and alcohol (5 pts.), allowing to stand 
for some time, and then diluting with water 
(3 pts.), adding KBr (5 pts.) and distilling. The 
yield 18 80 to 100 p.o. (De Vrij, J. Ph. [3] 31 
ICO; cf. 0. J. 30,127; D. P. J. 229,c284). 

Pr^tfriies.—Colourless liquid with ethereal 
odour and anscsthetic influenco (Robin, 0. P. 32, 
649). V. si. sol. water, miscible with alcohol 
and ether. Burns with difficulty, forming a 
slhokeless green flame. Not acted upon by 
HNOj, by H 3 SO 3 , or by potassium. 

Reaclions.^l. When passed through a red- 
hot tube ethylene And HBr are among the prO' 
ducts.—2. Ammonia gives ethylamines. Othei 
bases act similarly.— 8 . Alcoholic wtash forme 
KBr and ether (Berthelot, A. 92, 86 I).—4. Brom 
ine forms CHj.OHBrj, CHaBr.CHjBr, anc 
CH^Br-CHBr, (114°) (TavUdarofl, A. 176,12).- 
6 . The dry cop^T’emc couple forms BrZnEt, thi 
combination facilitated by the presence 0 
a little EtI. In presence of water or alcoho 
ethane is given ofl on warming (Gladstone s 
IWbe, 0. 5. 27, 410).—6. A mixture of EtB 
passed over Ai^Tg, or (he compound AlBrjC^H 
at 60® gives kturated hydrocarbons (Gustav 
80 &)« 
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Oomponnd EtBiH.jS23aq (Eororand, A, 
Ch. fS] 28, 29). 

iniYI-BBOKO-ACETO-ACETIC EIHEB V. 

BllOMO-iOIIO-ACEIIO BTHEK. 

ETHYL-DI-BEOMO-DI-AILYI-AMIlfE 
C.HiJBtjN *.«. EtN(0,H,Br)2. Prom dibromo- 
alljl-amine and-Etl at 100° (Maxwell Simpson, 
P. it. [4] 18,267). Pungent bitter oil, alkaline 
to test papers. Precipitates Cu(OH)i from 
cupric salts. 

ETHYL B80M0-A1LYE OXIDE C^HJlrO i.e. 
Et.O.CH,.CBr:CH.i. (133°). S.G. ^ l-2(i. Prom 
EtO.CHj.CHBr.OHjBr and NaOH (Henry, jB. 6, 
188). 

Ethyl di-bromo.allyl oxide 
Et.O.CHj.CBr:CHBr. From_ ethyl propargyl 
oxide and Br (Ijiebermann a. Erctsclimcr, A. 
168, 234). 

ETHYL-BKOMO-AMIHE v. EiHTLiMiNX. 
ETHYL-BEOMO-AHILIHE v. BnoMO-EiuyL- 


innuHs. 

ETHYL BEOMO-PENTEHYL OXIDE 
C.H.Br.O.Bt. (179°). S.G. 1= 1-23. From 
bromo-amylene bromide(tri.bromo-pentane) and 
aleoholio KOH (Eeboul, A. 133, 84). 

ETHYL.BEOMO-PODOCAEPIC ACID ». 
PODOCABPIO ACir>. 

ETHYL ISOBDTYL CAEEONATE C,H„0, 
i.e. Et(C,H,)CO,. (1601° cor.). S.G.M •92(E580, 
A. 206. 230). 

ETHYL-ISOBDTYL-OLYOXALINE C,H„N, 
<.c.C,n.iEt(C,H,)N,. OxalcIhylimamijUne. (225°). 
S.G. — ’9291. The hydrobromido is formed 
from isobutyl-glyoxaline (glyoxal.isoamylino) and 
EtBr (Eadziszewsky a. Szul, B. 17,1294). Oil.— 
B'jHptCl,: orange prisms. 

ETHYL ISOBUTYL KETONE 
C.H..CO.CH^r. (135°) at 735 mm. S.G. § 
•8*29: ^ *816. Formed when CO is passed over 
a mixture of sodium isovalerato and NaOEt at 
160° (Loos, A. 202, 327). Also from isovaleryl 
chloridh and ZnEt, (Wagner, Bl. [2] 38, 204; 
J. R. 16, 673). Gives on oxidation acetic and 
isovaleric acids. 

Ethyl fcrf-butyl ketone Et.CO.CMe,. (126°). 
S.G. “ -SSI; 13 .gio. From CMe,.COCl and 
ZnBtj (Wyschnegradsky, A. 178,104). Liquid 
smelling of mint and camphor. Oxidised by 
CrO, to CMe,CO,H. 

ETHYMETYL-OXIDE C.H,,0 
Et.O.C.Hr (91-4°). S.G. S -708. S.V. 160-1. 
C.E. (0°-10°) -00116 (Dobriner, i. 243, 6; cf. 
Liebon a. Eossi, A. 168,167). 

Ethyl isobutyl oxide EtOCHjPr. (79°). S.G. 
•75. From EtI and KOC.H, (Wurtz, A. Ch. [5] 
42,129 j A. 93,117) or from and KOEt 

(Meissler, 0. C. 1887, 479). . 

Ethyl tert-butyl oxide EtOOf^e,. (69°). 
J’onned by heating tert-butyl bromide (2 vols.J 
with NBt, (6 vols.) and alcohol (6 vols.) at 100° 
(Eeboul, J. 1881,409). 


ETHYL ISOBUTYL SULPHATE? 
Et(0,H,)S0,. From C,H,O.SO,Cl and alcohol 
(Behrend, J. pr. [2] 16, 34). :f 60 ompoaod by 
water into alcohol and H( 04 H,)B 0 ,. 

ETHYL ISOBUTYL («).THI0CAEB0HATE 
EtO.CO.SO.H,. (192°), S.G. -994. From 
ClCOjEt and NaSO,H, (Mylius, B. 6, 818). 

EthyLlsobutyl (a).di-thio-oarbo&ate 
EtS.OO.OO,Hr (198°). S.G. ^ -994. From 
vot a 


0100,O 4 H, and NaSEt (M.); «. Eian, iBia> 

OABBOMAIBS, 

Ethyl.iibbutyl ditbiocarbonats 
0,H.O.C8.SEt. (228°). From 0,H,0.CS.SK 
and EtI at 100° (Mylius, B. 5, 972). Yellow 
Jiquid with unpleasant odour, with a taste like 
aniseed. 

ETHYL CAMPHSlfE 0,.H„(0,HJ. (198°- 
200° cor.) at 742 mm. S.G. ^ -9709. V.D. 
= 6-66 (found). Prepared by the action of sodium 
on a mixture of solid eamphor-diehloride [166°] 
and ethyl iodide (Spitzer, B. 11,1817). Mobile 
Euid of turpentine-hke smell. 

ETHYL-CAMPHOE v. Camphob. 

ETHYL CAEBAMAIE v. vol. i. p. 679. 

ETHYL - CAEBiMlC ACID NHBt.C0,H. 
Ethyl-ammonium salt NH,EtA'. From 
ethylamine and CO, at —18°, Snow-white 
powder. Decomposed by water although, like 
anmionium carbamate, it does not immediately 
ppt. BaCl, 3i the cold (Wurtz, A. Ch. [3] 30,443). 

Ethyl ether NEtH.CO.4Et. (176°). V.D. 
4-07. S.G. at -986. From ClCO,Et and NEtH, 
(Schreiner, J. pr. [2] 21,125; 22,353). Formed 
also by heating cyanic ether with alcohol in 
sealed tubes at 100“ (Wurtz, C. R. 37,182). OE, 
Decomposed by potash into ethylamine, alcohol, 
and K,CO,. 

Di - ethyl - carbamic chloride CI.CO.KEt,. 
Chloro-formie acid diethylamide. (190°-195°). 
Prepared by the action of PCI, on diethyLoxamio 
acid, CO being evolved (Wallach, B. 14,746). 
Liquid. By treatment with diethylamine it 
gives tetra-ethyl.urea. By water it is decom¬ 
posed into CO,, and diethylamine hydroohloride. 

ETHYL CAEBAMINE CNC.,H,. (78°). Mol. 
w. 65. From ethyl iodide and silver cyanide 
(v. vol. i. p. 680). Also from EtI and mercuric 
fulminate (Calmels, J. pr. [2] 30, 319). Stinking 
liquid. Docs not solidify at - 68 °. Split up by 
acids into formic acid and ethylamine. HgO 
added to a solution of ethyl carbamine (1 vol.) 
in ether (4 vols.) forms C,H,jN,0, [112°]. Bt 
forms oily N0,H,Br, (Tsohemiak, Bl. [2] 80, 
105). 

Ethyl. carbamine cyamide o. OAUni Mi no- 
ETnVL-UBEA. 

DI-ETHYL SEMI-CAEBAZIDE 0,H,N,0 SA 
NH,.CO.N,H,Et. [106°]. From ethyl-hydrazine 
hydrochloride and cone, aqueous potassiuns 
oyanate (Fischer, A. 199, 284). Lamime; V. e, 
sol, water and alcohol, si. sol. ^ther and cone, 
alkalis. Keduoes Fehling’s solution and HgO 
only when warm. 

s-Di-ethyl-semicarbazide C,H„N,0 i.e. 
NHEt.CO.NEt.NH,. From the nitrosamine of 
s-di-ethyl-urea NHEt.CO.NEtNO by reduction 
with zinc-dust and HOAo in alcoholic solution 
(Fischer, A. 199, 284). Crystallises with diffi¬ 
culty ; V. sol. water and alcohol. Eeduces Feh- 
ling’s solution only when warm. Boiling cone* 
HClAq splits it up into 0O„ ethyl-hydrazine, and 
NHJBt.—B'HOl; slender needles.—B',H,Pt01p 

su.Di.ethyl.aemi-caAaside 
NH,CO.NH.NHEt. [149°]. Formed by the 
aotioa of potaesium oyanate on the neutral salts 
of tfwdi-etbyl'hydrazine (F>)< Long slendes 
prisms (from alcohol); y« e. sol. alcohol and hot 
water, ▼. sL sol. ether. Beduoes boiling Fehling’s 
solution with much difficulty. ~ t 

slender yellow needles (from alcohol). 
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Nitrosamim NH 3 .CO.N(NO).NEV Yellow 
plates; si. sol. water, v. sol. alooool and ether. 
Dilute EOH splits it up at onoe into diethyl- 
amine, COj, ammonia, and N^O. 
ETHYL-CABBAZOLS C,«H„N i.e. 

[67®]. From potassium carb- 

azole and EtI (Graobe, A* 202, 23). Leaflets, 
sol. ether and hot alcohol, inso). water. Its 
piorate CnH,jNC,Hj{N 0 j) 30 H crystallises in 
needles [97®]. 

BTHTL>CABBAZOLINE G„H„N t.e. 
0,^,<NEt. Hydroiodide B'HI. Fromcarb- 
azoline, EtI, and aloohol at 100® (Graebe a. 
Behaghel, A, 202, 25). Thic^ tables, v. sol. hot 
water. 

ETHYL . CABBZHIDO - METHYL - TEIO • 
UKEA SO<^g“>C:NEtorMeNH.CS.N;C;NEt. 

Meihyl‘ihio-caThamiru-elhyl<yamidc. [106®]. 
Formed by the action of ethyl io*^dide upon 
sodium oaibimido-methyl-tbiourea (Wunderlich, 

B. 19, 448). 

ETHTL-CABBIHIBOPHENYL-THIO-UREA 

sc <;^g*'>C:NBt or PhNH.OS.N:C:NEt. PJk- 

nyl - thio • carhamine - ethyl - cyamide. [119®]. 
Formed by the action of othyl-iodide upon so¬ 
dium carbimido-phenyl-tbio-urea. Crystalline 
solid. V. sol. water and alcohol. Indifferent 
body (Wunderlich, B. 19, 448). 
STHYL-OABBIMIOO-UBEA 

OC<^^C;NEt or H^.CO.N:C;NEt. Car. 

bamine-ethyUcyamide. [121®]. Formed by the ' 
action of ethyl iodide upon sodium carbimido-1 
urea (‘amido-dicyanio acid’). Neutral body 
(WunderUch, B. 19,448). 

DI-BTH7L-0ABSIN6L V. Amyl alcohol. 
Tri-othyl-carbinol v. Hbptil alcohol. 
BI-BTEYL-CABBINYL V. Autl. 
1)I-ETHYL.CABBOB£NZ010 acid 0„H„03 
or O.^H^O,? [102®]. (239®) at 11 mm. An 
acid formed whenr deozybenzom is heated with 
alcoholic EOH (Limpricht a. Schwonert, A. 155, 
66; Zi^nmenny, A. 184, 163; Anschutz a. 
Berns, B. 20, 1392). Slender needles (from 
ether). Converted by potash-fusion into benzoic 
and m-etbyl-benzoio acids. Dilute H^BO^ forms 
orystallioe C,gH„02 [132®] and other bodies. 
HNOg gives a di-nitio- derivative [156®]. 

Salts.—AgA-: amorphous.—EtA': oiL 
ETHYL CAEBONATE C^H.^O, i.e. Et^CO,. 
Mol. w. 118^. (126® cor.) (Kopp, A. 95, 325). 
S.G.VW2. m/»-1‘3897. Boo (Bnihl, 
A. 203, 23), H.F.p. 162,500. H.F.v. 149,310 
{Thr 4, 218). H.C. 641,448 (Louguinine, Bl. [2] 
41,389). V.D. 4*09 (obs. and calc. Cahours). 

Forma^an. —1. By the action of potassium 
or sodium on oxalic ether at 130®, the metal 
being added as long as CO escapes; water is 
then added, and the £t,CO| dried over CaOl, 
and rectifled (Ettling, A. 19,17).—2. By distil¬ 
ling a mixture of EEtCOgfith KEtS 04 (ChanQel, 

C. R. 81,521).—B. By the action of NaOEt on 
mtalio ether (Cranston a. Dittmar, C. /. 22, 
441).—4. From OlCO^Et and NaOEt (Schreiner, 
J. pr. [2] 23, 858). 

frcpertiei.—OolourleM liquid, burning with 
blue flme. Insol. water, v. sot aloohol and 
ether. Ohlorme gives pti^ucU of substitution 


(Cahours, A. Oh, [ 8 ] 9, 201). Saturated wCfh 
HBr and heated to 100® there are formed EtBrv 
OOj, and water (Gal, G. B. 69,1049). By heat- 
ing with sodium or NaOEt in sealed tubes it 
yields NaEtOO,, carbonic oxide, and EtjO 
,?Geather, H. [2] 4, 666 ). Ammonia at 100° 
forms oarbamio ether; at 180® ammonia gives 
urea (Natanson, A. 98, 287). PClj gives EtCi 
and ClOOoEt (Geuther, A. 205, 247). 

Potassium ethyl carbonate KEtCO,. When 
COj is passed into a solution of EOH in absolute 
alcohol there is formed a crystalline deposit 
consisting of EEtCO,, KHCOg, and EjCO,; the 
mass is washed with ether, the EEtCOg is then 
dissolved in aloohol and ppd. by ether (Dumas 
a. Peligot, A. Oh. [2] 74, 6 ). White nacreous 
salt; split up by water into alcohol and KHCO,, 
NaEtCOs amorphous £a(EtCOa )2 are ob¬ 
tained by passing COj into alcoholic solutions 
of NaOEt and Ba(OEt}.. respectively (Beilstein, 
A. 112,124; Dcstrem, A. Ch. [ 6 ] 27,10). 

Ethyl ortho-carbonate C(OEt) 4 . Mol. w. 192. 
(159°). V.D. 6*80 (calc. 6'G5). Sodium (2i g.) 
is added in small portions to a boiling solution 
of chloropicrin (40 g.) in absolute alcohol (300g.); 
as soon as the reaction is hnished the excess of 
alcohol is distilled off and water is added to the 
residue; the oil is then dried by CaClj and 
rectified (Bassett, C. J, 17, 198). Oil, with 
peculiar aromatic odour. Decomposed by boil- 
, ing alcoholic KOH. B.Oj at 100® forms boric 
ether and EtXO,. Bromine forms EtBr,EtjCOj„ 
bromal, (Ladenburg a. Wichelhaus, A. 152, 
166). Ammonia forms guanidine. 

Reference : Tetra-chloro-di-ethtlcabbonatb. 

ETHYL-CABBOPYBROL-AMIDE V. Ethyl- 

PYBBOLIS CAKBOXYLIC ACID. 

ETHYL-CARBOSTYEIL v . Ethyl ether of 
OXY-QUINOLINE and OXT-ETHYL-QUINOLINE. 

ETHYL GARBYLAMIKE v. £thyl-cabb> 

AMINE. 

ETHYL CETYL OXIDE (03H3)(C,gH„)0. 
[20®]. Fine white needles. From cetyl ioAide 
and F.tONa (Becker, A. 102, 220; Waldcr, B. 
20,1754). 

ETHYL PERCHLORATE C 3 H 3 CIO 4 . Obtained 
by distilling a mixture of Ba(£tS 04)2 ^l^h 
Ba(C 104 ), in quantities of 4 g. at a time (to 
avoid explosion) (Clark, Hare, a. B(tfle, P. M. 
[3J 19, 370; Boscoe, 0. J. 15. 213). The distil, 
late separates into two layers, the upper one 
consisting of Water which mav be removed by 
blotting-paper. Colourless heavy oil, with 
pleasant odour and sweet taste. Explodes on 
the least provocation with excessive violence. 
It may be kept under water or in alcoholic 
solution. It may be distilled under a layer of 
water, passing over at 74®. It is immediately 
sapon ified by alcoholic potash. 

ETHYL CHLORIDE CgHgCl. OhlorO'etfMnc, 
Mol. w, 64J. {12'6®) (Begnault, /. 1868, 67). 
S.G. I -9280; | ‘9171 (Perkin, C. J. 45, 449). 
V.D. 2*22 (calo.^'24). H.F.p, (gaseous) 28,000; 
(liquid) 84,400 fBerthelot); 80,710 (Thomsen, 
Tk.). H.P.V. 29>50 {Th.), M.M. 4*039 at 6 ® 
(P.). 8.V. 76*8 (Ramsay). 

Formatwn, — 1. By chlorinating etiiane 
fSohorlemmer, 0» R- 58, 708; A. 182, 234).-— 
2. By the actios of HCl on alcohol alone or b 
presence of ZnOl, (Bobiquet a. CoUn, A. Ck, [3] 
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t,448; Begaaali* A. Oh. [2J71,3&d; Eublmanni I 
A> 33.108; LSwig, P. 45, 846).—8. By th« action i 
of 801, PClj, A1,C1,. SbOij, FoaOl,, SnOl*, Ac., on 
alcohol.—4. From EtI and chlorine.—8. By ^ 
treating acetic and other ethers witib HCl. 

PreparaHon. —1. HOI is passed into a boiling < 
solution of ZnOl, (2 pts.) in 95 p.o. alcohol 
(8 pts.) in a fiask with inverted condenser. The 
escaping gas is washed with water. The yield 
is nearly the theoretical {Groves, C.7.27,637).— 

2. By distilling a mixture of alcohbl (6 pts.), 
H38O4 (2 pts.), and NaOl (12 pts.). 

Propertus. —Gas, burning with green-edged 
6amo. V. si. sol. water, v. e. sol. alcohol and 
ether. Gives no pp. with silver nitrate solution 
in the cold. • 

BeactioM. —1. Aqueous HI (S.G. 1*9) at 180® 
converts it into EtI.—2. SO, forms ClSOa-OEt 
(R. Williamson, 0. /. 10, 100). By-products 
arc also formed (Von Purgold, B. 6, 502). — 

3. Aqueous AgNO, at 100° gives a pp. of AgCl 
(G. C. Foster).—4. Boiling aqueous KOH slowly 
forms alcohol; alcoholic potash acts more 
readily, forming KCl, alcohol, and ether (Balard, 

' A. Gh. [3] 12, 302).—5. Ammonia forms ethyl- 
amines (Groves, 0. J. 13, 331). Equal volumes 
of CjHjOl and NH, gas submitted to a pressure 
of 70 atmospheres for 48 hours at 175° do not 
react. The introduction of a small quantity of 
alcohol does not affect the result. In the cold 
an alcoholic solution of NH, and OjHjCl requires 
to be kept several days before any action com¬ 
mences, and the reaction is not complete after 
several months (Vincent a. Ohappuis, Bl. [2] 46, 
603).- 6. Alcoholic K,8 and KHS give Et.^S and 
mercaptan respectively (Regnault).—7. Passed 
over red-hot lime it forme acetic acid, GH^, and 
hydrogen (L. Meyer, A. 139, 282; cf. Dumas a. 
Stas. A. Ok [2] 73,164). 

Derivatives. —Cni^oBo-ETHAKEs and Chlobo- 
BRouo-ETHANES, Ethilene ohlobidb and Etbil* 
ioemI chlobidb. 

ETHYL-CHIOEO-ACKTO-ACETIO ETHEB 

V. OnLORO-AOETO'ACETIO BTHEU. 

ETHYL CHLORO-ACETYLEHE CAEBOXY- 
no ACID V. Chloro-butane cabboxvlio acid. 

ETHYL- DI-CHLOEO-DI.ALLYL- AMINE 
NEt(C,H4Cl)j. (0. 200). From NH(0,H4Cl)s and 
EtI at 1^)0° (Engler, Bl. [2] 9,184; A, 142, 81). 
Oil,—B'jHaPtd-: crystalline. 

Dimethyl • ohloro-allyl-amine. Ethylo- 
chloride 0,H401.NEt,01. Two compounds of 
this (K>nstitation are formed by heating s-tri- 
ohloro-ethane 0B[jCl.CHC1.0Hj01 vrith N£t| 
(Reboul, C. R. 96, 998). They differ in the so¬ 
lubility of their Pt salts. Two ^-ohloro-propyl- 
enes appear to be intermediate in the formation 
of these ethylo-ohlorides. • 

ETHYL o-OHLOEO-ALLYL OXIDE 0|H,010 
ie. Et.O.CHa.CCl:OH,. (110°). S.G. « 1-011; 
!1> ‘996. From OH,:CCl.CH^ and alcoholic 
KOH (Friedel a. Silva, J. IS-nl, 828). Formed 
also from ethyl allyl oxide successive treat¬ 
ment with Cl and KOH (Hemy, B. 6,189). 

Ethyl 8-ehlero-allyl oxide 
Bt.O.OH-.OH:OHCl. a20°-1263. S.G. 21-021; 
u ‘994. From 0£[,Ol.OH:GHOl and alcoholic 
KOH(F.a.S.). Brfoni»BtO.OH3.0HBr,OHOlBr 
( 220 °). 

nEYL-CEIOBO-iJtnnE «. EzEmiixin. 


DI-ETHYL GKLOEO.AHYL PB^SPHATS 
Et,(04H,.0HCI)P04. From C4H..CH,.PO(OH), 
by successive treatment with PCI, and alcohol 
(Fossek, AT. 7,20). 

ETHYIrCHL0E0.ANILlREv.OB£OBO-STHnF 

ANIUNB. 

TRI - ETHYL - CHLOBO - ADR0PH08PE1TE 
BtjPAuOlO,. rc-*“l0°]. S.G. 2 026. Obtained 
by adding absolute alcohol to a mixture of AuOl 
and dry phosphorus and ppg. by water (Lindet, 
C. E. 103,1014). Crystalline mass; decomposes 
about 100°. Insol. water, sol. alcohol, ether, 
and benzene. NH, forms EtjPAuClO.NJL. 
ETHYL-CHLOEO-BENZENE «. Chdoro- 

XTHTL-BENZRNB. 

BTHYL-CHLOEO-BEOMO-PEOPYL OXIDE 
BLCO-CgHjClBr. (187°). From epiohlorbydrin 
and EtBr at 200° (Reboul a. Louren^o, A, 119 
238). 

ETHYL CHLOEO-BITTENYL OXIDE 
C^H^ClOEt. (134^). From CH3.CH:CH.CHCla 
and alcoholic KOH (Kekul^, A. 162,96). 

ETHYL CHLOEO-BUTYL OXIDE 
CHjCl.CHEtOEt. (141°). S.G. 2 -974. V.D. 
69*3 (calc. 68*3). From ZnEtj and an ethereal 
Bulution of di-cbloro-di-cthyl oxide (Lieben, A. 
123, 130; 133, 287; 146, 220), Oil. miscible 
with alcohol and ether. 

Reactions. —1. HI gives EtI and secondary 
butyl iodide.—2. With NaOEt it gives butylene 
glycol diethylio ether: CHj(OEt)CHEt.OBt, 
(147°).—3. PBr, gives CHOlCHEtBr, ethyl 
bromide, and GZljBr.CHEtBr. 

ETHYL-GHLOBO.ETHANE TETEA-OAB- 
BOXYLIO ACID v. Cblobo-butanb tbxra-car- 

BOXVLIO ACm. 

ETHYL - CHLOBO • HALONIC ETHER v. 
Ohloro-ethyl-hadomio etueb. 

ETHYL-Dl-CHLOEO-PHOSPHINE v. Etbti.- 


PHOSPHINE. 

ETHYL CHLOBO - ISOPROPYL OXIDE 
CHX1.0H.Me.OEt. (118°). S.G. 2-984. From 
ZnMe, and dichloro-diethyl ether (Lieben, A. 
146, 226). PBr, gives MeBr, OH,CI.CHMeBr, 
and OH^Br.OHMeBr. 

ETHYL-CHLOEO-aEIHOLINE Chlobo- 

XTBVL-QUINOLINE. 

ETHYL-CHLOEO-SELPHATS 0. Ethtl bdl- 

PHATE^_ 

ETHYL CEEYSOlDIN v. Beneene'A.zo^eihyl* 
phenylene-diamine, 

EXKYL-OINCHEKIO ACIQ v. Cincbenb. 
XTHYXr-OlNCHONAMINEo. Cinchona bases. 
ETHYL-OINGEONIG ACID v. Ethtl quin- 


OLINB OABBOXTLZO ACID. 

ETEYL-CINCHONIDINB v. Oinohonxdinb. 
ETHYL-CIRCHONINB 0. Cinchoninb. 
E THYL -CITEIC ACID v. Oimio acid. 
ETHYL-CODEjfKE o. Codeine. 
STEYL-CONHYDEINS o. OoNinm. 
ETHYL-CONIlNE v. Oon^. 

ETHYL - C0DMA20NI0 ACID 0„H„NO, 


gliitoning pyramids. V.soi. alcohol, inaol. water, 
formed by boiling (S:4;l)-amido-ozyptoi9l- 
banxoio aoid with propionio anhydride. 

Balta. —A'H,HOI: very aolahla white 
aeedlas.—Taryaolable white needlea 
(WUnuiSi'A Ml M7S). 

Ill 
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ETBTl OS£STL ETHEB v. EtJtylderivaUve 
of Gesbol. 

3B THY£ .GB0T0yiC ACIB o . Hezekoic ioxD. 

STEYIi ZSOCEOm STEEB v. Ethyl ether 
of B vrtxi h ILOOBOL, Tol. i. p. 689. 

STEYIrOIflCEKB t, EtHTL-niOrYL-BEKZEKB. 

BTHYI..CtyilIDIlIB 0»H„N i.e. 
C,H,Me,NHEt. (220«-230^. Formed by heat- 
ing comidioe hydrochloride (1 mol.) with alco* 
hoi (t mol.) for 4 boors at 125’’ (Rattan, B. 19, 
2333). 

STEYL CYAHAKIBE 9 . Cyanamide under 
Cyanic Acn>. 

E TBY IrCYAEIO ACID v. Gtanio acid. 

£TEYL CYAINTDE 0 . Pbopioniikils and 
Eth yl cab bamink. 

ETEYL-CYANBBIC ACID v. Cyanuric acid 
under Cyanic acid. 

ETBYLENE C^, U CH,:CHj. Mol. w. 28, 
[-l69«](OiszewskUf. 8,71); ( -103°) (Cailletet, 
C.i?. 94, 1224; Wroblowsky, if. 4,338). V.D. 
•9784 (Saussure; calc. *9702). H.F.p. -8,000 
(Favre a. Silbermann); - 9,400 (Berthclot, A. Ch. 
[6] 28, 180); -4,160 (Thomsen, J. pr. [2] 23, 
158); -2,710 (Thomsen, Th.). H.F.v. -3,290 
(Th.)» OriticaXtemperatture,l^°. S.'25at0°; 8 . 
(alcohol) 8*6 at 0° (Garins, A. 94,133). Dis¬ 
covered by treating alcohol with H^SO, in 1795 
by the fonr Dutch chemists: Deiman, Ptets van 
Tioostwyk, Bondt, and Lauwerenburgh {Crell. 
Am. 1795, iu 195,310; Qilb. Ann. 2,201). It 
is a prodnot of the dry distillation of most 
organic bodies, e.g. formates, acetates, butyrates, 
fats, TMins, caoutchouc, wood, and coal. It is 
tile most abundant illuminating constituent in 
eoalgas. 

ForrMtion.^1. Formed, as well as other 


hydrocarbons, when a mixture of CS^ and H^S 
or Ht? if passed over red-hot copper; or, more 
abundantly, when a mixture of GSj, H^S, and 
CO is passed over red-hot iron (Beithelot, C. 11. 
43, 286).—2, Formed together with CII, and 
butylene by the dry distillation of barium for- 


with ©one. H 3 SO 4 (4 vols.) (Mitscherlich, A. CK 
[ 8 ] 7, 12).—4. By heating alcohol (1 pt.) with 
fused BjO, (4 pts.) (Ebeimcn, A. Oh. [3] 1C, 136). 
6. By uie electrolysis of a concentrated solu¬ 
tion oi sodium succinate (Kekul5, A. 131,79).— 
8 . Together with benzene, by heating styrene 
with hydri^en in sealed tubes (Berthelot, J. 
1^6,544).—7. By treating ethylidene chloride 
with Bodmm (ToUens, A. 187, 311).—8, From 
ethyl iodide and sine (E. Frankland a. L. 
Dobbie, 0. J. 88,645). 

Preparation. — Alcohol (25 g.) and H 2 SO 4 
(150 g.) are heated in a flask to 165°, and a mix- 
tore of alcohol (1 pt) and H 28 O 4 (2 pts.) is run 
in atow^. The gas is washed with KaOHAq 
and (Erlenmeyez a. Bonte, A. 166, 64; 

192,244). 

Prmfiei.—Colourless gas with famt ethereal 
odour (?). V. sL sol water, si. sol. alcohol, m. 
sol ether. Pan ethylen^ornt at the rate of 
5 cahio feet per hboi emits a light equal to 68-5 
standi candies; the laminating power of a 
given onantity of 0^4 it increased by moderate 
admiztore inth H, CO, or 004 ,^ although the 
ftctnal amonst of light given pk eobio foot of 
tiie mixture is less titan that given by pure 
ethyliBii The intziniia iUamiaiwsg power it 


reduced by admixture with N, 0 O„ ot water* 
vapour, but increased by 0 (P. F. Frankland, 
0. J. 45, 80, 227). It unites directly with 
chlorine, hmaine, iodine, 8,01,, and SO,. 
It is quickly absorbed by Nordhausen sulphuric 
acid, forming etbionio acid and its anhydride. 
Cone. H^SO, absorbs it, forming HEtSO,; the 
absorption takes place rapidly at 100°-170°, but 
at ordinary temperature much shaking is re¬ 
quired. Ethylene forms with water under pres¬ 
sure a crystalline hydrate (Villard, C. B. 106, 
1602). 

fJeoeftons.—1. When passed through a red-hot 
tube carbon is deposited and marsh-gas formed. 
The decomposition commences at as low a 
temperature as 355°; at this temperature a 
condensation change only takes place, and is 
very slow, requiring 20 hours or more for its 
completion. Heated to 400° for a sufficient 
length of time it is entirely decomposed with 
formation of marsh-gas, ethane, and liquid pro¬ 
ducts (Day, A7n. 8,163). According to Berthe¬ 
lot {BL [2J 9,456) these liquid products contain 
benzene and styrene. Norton a. Noyes (Am. 8 , 
362) found benzene, naphthalene, andanthracene, 
as well as methylene, propylene, butylene, and 
crotonylene, CH. 4 :CH.CH:GH 3 , with OH,, and 
C 2 H 4 . When heated in a glass tube to dull red¬ 
ness with an equal volume of acetylene it appears 
to form butylene (Berthelot, J. 1866,519). When 
a mixture 0 ! ethylene and hydrogen is passed 
over platinum, even in the cold, ethane is formed 
(Von Wilde, B. 7, 352). A mixture of ethylene 
and diphenyl passed through a red-hot porcelain 
tube forms phenantbrene, anthracene, benzene, 
styrene, and naphthalene (Barbier, C. B. 79,121). 
2. With oxygen (3 vols.) it forms' a highly ex¬ 
plosive mixture. When a mixture of ethylene 
and air is passed over red-hot platinum wire 
some acetic acid is formed (Ooquillion, C. il. 77, 
444). When ethylene is oxidised by weakly- 
ozonised oxygen, formic acid and 00 .^ result 
(Houzeau a. Kenard, C, B. 76,572).—3. It burns 
in chlorine with a smoky flame: 

G,H4 + 2Cla=.2C + 4HCl. 

In the dark and in the cold it unites with 
chlorine, forming oily ‘ Dutch liquid ’ C 3 H 4 CI,.— 
4. HI at 100° forms EtI (Berthelot, A. 104,184; 
115,114; J. 1867,344). EBr also unites with 
ethylene, but HGl does noi-^. Dry JCl forms 
G 3 H 4 GI 3 and iodine (Oeuther, J. 1862,421; Thoi^e, 
C.«r.37,179).—8. Chromic acid solution oxidises 
it to CO 9 (Ludwig, A. 162,47). Chromic acid 
mixture forms chiefly oxalic and acetic acids 
(Zeidler, A. 197,243); Berthelot (C. B. 68 ,334) 
found even sldehytte.—7. PoUuevum perman. 
ganaie solution containing H^SO, is decolourised 
by ethylene, CO, and formic and acetic acids 
being form^. Neutral and alkaline KUnO, 
forms ^iefly oxalic acid and GOa, together with 
a little formic acid (Zeidler; Trttohot,C.JR. 63, 
274; Berthelot, 0. B. 64, Neutral KMnOa 
solution forms also glvcol (wagner, B. 21,1230). 
6 .—Fuming absorbi it, forming oxalic 

aoiA- 9 . CISOX »bioibB dry ethylene with 
rise of temperature; at 90° Iseuiioaio anhydride 
CaH^SO. is foxoMd, but if the salpburio chlor. 
hydrin he kept oool and the product poured into 
water an oil, 0^aSO|Cl (154°), smeUing like 
mustard oil, ia obtained; this oil is converted 
by water al 100 ° into isethionie aeid, mi bj 
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flzy NH, into deliquescent tables of C 3 H 7 NSO, 
(Baumstark, Z. 1867,666).—10. Boron fluoride 
at 80° in sunlight forms CjHsBF,, an ethereal 
Uquid (126°) S.G. ^ 1*0478, VJ>. 2*66, which 
fumes in the air. It Is decomposed by water 
into ethylene, H,BO„ and HF (Landolph, C. B.' 
86,671,1267; 89,173). This ‘fluoboro-ethylene’ 
acting upon camphor at 200 ° forms a hydrocar¬ 
bon 0 , 2 H)s-*~ 11 * Ethylene and E£r passed over 
Al,rBr« form AlBrgCiH,, and ethyl bromide. 
C.;H 4 , HCl, end Al^CL give AlCljC^Hg ((Justavson, 
J. pr. [2] 34,161). At the same time saturated 
hydrocarbons are formed—very little at 0 °, much 
at 70°; they are formed by the simuUaneouB ac¬ 
tion of CjH, and HBr on AlBr^C^H^. Ethyl 
bromide at 60° acts like C 2 H 4 mixed with HBr. 
AlBrjOiH, gives saturated hydrocarbons, not 
only with C,H 4 and HBr, but also with EtBr, 
TrBr, isobutyl bromide, and MeBr. In all these 
cases the AlBr,G 4 H, becomes richer in carbon.— 
12. Chloride of sulphur forms 84 (CH.^.CHaCl )2 
(Guthrie, A. 119, 91 ; 121, 108; Spring a. 
Lccrenier, Bl. [2] 48, 629).—18. CljO forms 
chiefly CH 2 CI.CO.O.CH 2 .CH 2 CI (chloro - ethyl 
ciiloro-aoetato (Mulder a. Bremer, B. 11,1968).— 
14. HCIO forms CHjCl.CHjOH (Carius, A. 126, 
197).—16. A solution of PtClj in cone. HClAq 
forms C 3 H 4 ptCl, (Birnbaum, A, 146, 69). The 
same compound is formed by boiling PtCl 4 with 
alcohol (Zeise, P. 21, 497, 542; 40, 234; Griess 
a. Martius, Pr. 11, 609). It is a yellow mass, si. 
sol. water; decomposed by light. In aqueous 
solution it is unstable unless HCl is present. 
KOII ppts. on warming an explosive powder. It 
forms the following combinations: NH, 02 H 4 ptCL: 
yellow pp.—blH 4 CIC 2 H 4 PtCljaq : lemon-yellow 
prisms.—K 01 C;,H 4 PtClj aq. — KBrC.H 4 PtBr 2 aq: 
pale-yellow needles (Chojnacki, Z. 1870, 421).— 
C.H 4 ptjCl 4 (Et 5 PO,)j (Sclmtzenbcrger, Bl. [2] 18, 
108). The corresponding NH 4 ClG 2 H 4 lrCl 2 and 
(KCl<yi 4 ) 2 lrCl, may also be prepared (Sadtler, 
Pf. [2] 17, 64).—16. When ethylene is passed 
into cono. aqueous FeBr 2 in sunlight there 
are formed greenish deliquescent crystals of 
C,.H 4 FeBr 3 2aq (Chojnacki). The corresponding 
C 2 H 4 FCCI 2 2 aq is got by heating ether (50 g.) with 
FcjCls (6 g.), jP (J g.) and CS^ (? g.) at 100° (Kachler, 
B. 2. 610). 

Derivatives of ethylene : v. Brojio-, Bromo- 
NITBO-, DhOMO-IOno-, Cblobo-, CbLOBO-NITRO-i 
Chlouo-iodo- dro. etbtlkkb. 

STHTL£N£-AC£T0AC£TIC ACID v. Acbto. 
iORTtO AOZn. 

£THTI£H£ ALCOHOL u. Glycol. . 

£THTL£NE - OBTHALDEHYDE «. Aldie- 

BTDZ. 

ETHYLENE.DI-AUYL.DI-THIO.DI.UREA 
CjH 4 (NH.CS.NHC.H 4 ) 2 . From ethylene-diamine 
and allyl thiocarbimiae (mustard ou) in alcohol. 
Brownish oil, miscible with chloroform and with 
alcohol. Has an unpleasant odour (Lellmann a. 
Wiirthner, A. 228, 234) 

ETHYLENE - DI. m - AMIDO - DIBENZOlO 
ACID C2H4(NH.02H4.C02H)2. [2f2°-225°]. Prom 
ethylene bromide and m-amido-benzoic acid by 
boiling 24 hours in alcoholic solution (Sohiff a. 
Parenti, A. 226, 244). Hardly sol. water, sol 
boiling alcohol. Insol dilute HCl, sol. aqueous 
NaOH. With KOH (4 mole.) and Etl (6 mols.) 
it forms needles of 

Balt.-OuA'H 


ETHYLENE - DI./3-A]nD0.DI.(a).CB0T0HI0 
ACID C,oH„N204ie. C 8 H 4 (NH.CMe:CH.OO,H),. 
[168°]. (^tained by saponification of the ether 
or by heating ethylene diamine with tiiiree times 
its weight of acetoacetic ether for an hour at 
140°, White silky scales. V. sol. water and 
hot alcohol, si. sol.* ether, benzene, and cold 
alcohol Gives a violet colouration with FejCl,. 

Di-ethyl sfAerATStj: [127°]; obtained by 
mixing ethylene-diamine and acetaoetic ether in 
aqueous or alcoholic solution) large white 
prisms; sol. hot alcohol, ether, and benzene, si 
sol these solvents when cold, insol water; cono. 
HCl decomposes it into acetocetio ether and 
ethylene-diamine iMason, B. 20, 273). 

ETHYLENE-DIAMINE C 2 H,N,<.«. 
NH 2 .CH 2 .CH..NH 2 . Mol. w. 80. [ 8 % (117°). 
V. D. 2 00 (calo. 2 08). S.G. *902. 

Formatum.—l. From ethylene bromide end 
alcoholic ammonia in the cold (Hofmann, Pr. 9, 
164; 10, 224 ; cf. Cloez, d. 1853, 468).-2. From 
ethylene chloride and alcoholic NH, (20 mols.) 
(Lellmann a. Wiirthner, A. 228, 226). The 
fraction (70°-100°) from the preparation of 
chloral contains ethylene and etbylidene 
chlorides, and if it be heated with alcoholic 
NH, at 110° for 9 hours, the ethylene chloride is 
converted into the diamine, while the etbylidene 
chloride is not affected (Hofmann, B. 4, 666 ).— 
3. Fromchloro-ethylene and NH^at 160° (Engel, 
Bl. [2] 48, 90).—4. By reducing cyanogen with 
tin and HCl (Fairley, A. Suppl. 3, 372), 

Freparaiion.—k nearly theoretics yield of 
the hydrochloride is obtained when ethylene 
chloride (42 g.) is heated in a sealed tube to 115°- 
120 ° with 33 p.c. aqueous ammonia (610 c.c.). The 
crystals are washed with absolute alcohol until 
the washings cease to colour Kessler’s solution. 
The alcohol yields a fresh crop of crystals con¬ 
taining ammonium chloride and ^-ethylene- 
diamine hydro-cltloride. The hydrate of the free 
base is obtained by the addition of freshly fused 
and powdered caustic soda to the chloride, then 
adding soda-lime and distilling. The anhydrous 
base is obtained from this hydrate by again 
beating with fused soda in a sealed tube fo^ 
several hours (Kraut, A. 212,254); 

Properties .—Volatile alkaline liquid; it U 
very dilhcult to dry, requiring treatment with 
sodium. V. sol. water. It forms a hydrate 
B"aq [10°] (118°). S.G. i-* *970, not miscibla 
with benzene or ether. • 

Reactions,—\. Nitrous acid forms nitrogen 
and ethylene oxide.—2. Etl forms C 2 H 4 K 2 H 4 E^, 
whence C 2 H 4 N,H 2 Et 2 aq, which is in turn con¬ 
verted by Etl into C,H 4 N 2 H 2 Et 4 l„ whence moist 
AgjO yields a volatile base whence CtH^NyHEt^ 
and OuHjNjEtgl, may be obtained. The two 
last iodides when treated with moist Ag 20 leave 
fixed bases. G 2 H 4 N 2 Mej 2 ha 8 also been prepared. 
The compound C 2 H 4 N 2 Et,H[ 2 Br 2 may also be 
obtained from ethylene-diamine and di-ethyt> 
amine (Hofmann, ^r. 11, 423); it gives 
C^N,Et 4 (HAaCl 4 ),. C 2 H 4 N 2 H 4 Et,Br, is one 
of the products of the action ofg ethyd- 
amine on 0 ,H 4 Br,; the oorreswndiflg baio 
C^H^KiHyEtgaq crystalline; it may be dehydrate 
by repeated distillation over brnyta, when ^ 
y.D. (H-il) is 67*61 (calc. 58). Theltydiat^ 
base aVJ). 38*S, imowilig 

dissociation (Ho fmann , Pr* 10, 697)* By 





hobating 6 quat mola. of beiuil and ethylene- 
diamine hydrate for hoar, a b£^e GuHwN, 
0,H,.0=.N.CH, 

possibly I ) ia formed [161®]. 
C,H».0«K.CH, 

Tellowisb prisms^ V. sol. ether, benzene, and 
hot alcohol, apanngly in *coId alcohol, insol. 
water. By hot cono. mineral acids it is split up 
into ethylene diamine and benzil (Mason, J9.20, 
268).—4. CS, in presence of alcohol forma 
O^^NJl^OSi which may be crystallised from 
water. Boiling aqueous HgCl;, converts it into 
ethylene thio-urea (Hofmann, B. 5, 241).—5. 
B^^^Xiatechin heated with ethylene-diamine 

hydrate at 205“ iotma C,H,^^y>C,H, [97“] 

(Meraa.Bi 9 , B. 20,1190).—6. Benzoic aldehyde 
at 120 ® forma di-benzylidene-ethylene-diamine 
(PhCH:N),0^, [64®] (Mason, B. 20, 270). 
Substitute benzoic aldehydes act iir- the same 
way.—7. Whenethylenediamine hydrochloride is 
heated it is partly converted into ethylene-imino 
CjH^NHiLadenburg a. Abel,B. 21,758) .— 8 . Jfexa- 
chloro'ocetone forms C 2 H^NjH,CjClaO [ 200 ®]. 
Penta-ckloro-acetone forms C.HiNjHjC^HCip 
which crystallises from ether in fan-shaped 
plates (GloSz, A. Ch. [ 6 ] 9, 146).—9. Carbons 
ether at 180'' forms white needles of ethylene- 

mea [131“] (Fischer a. Koch, 

A. 232,227).—10. Di-methyUmethyJene ctiketone 

CHjAc, forms a solid [m*]» which 

forms a violet copper salt [1S7°], and a hydro- 
ohlonde B"HjCl... (Combes, Bl. [2] 50, 547). 

Salts.—long silvery needles, insol. 
alcohol.—B'HjPtCl,: yellow plates (Griess a. 
Martius, A. 120, 327).—B"{HSCy)j: [c. 145®]; 
prisms, V. e. sol. water, v. sol. alcohol, insol. 
ether. Split up by heat into ammonium sulpho- 
oyanide and ethylene thio-urea (Hofmann, .4. 70, 
143).—8uIpha t e: dimetrio crystals (Von Lang, 
C. C. 1872,178). 

Di-formyi derivative C 2 H^NjH 2 (CHO)j. 
From ethylene-diamine and chloral. Syrup 
(Hofmann, B. 5, 240). 

Di-acetyl derivative CaH^jNHAc)^. 
[172®]. Colourless needles. SI. sol. ether. 
Forms a crystalline aurochloride B'HAuCl^ and 
platino-chloride B'..H 2 PtG 4 . When heated 
m a corrent of dry HOI it forms ethylene 

aoetamidine [ 88 °] (223®), of 

which the aurochloride B'HAuCl, and platino- 
ohlorida B'^H,PtCl, are crystalline (Hofmann, 

B. 21,2332). 

Beneoyl derivative [249®] 

(Kraut a. Schwartz, A. 223, 43). S. (alcohol) 
*076 at 22®. Needles (from alcohol). Insol. 
water. When heated in a current of dry HCl it 

forms ethylene-benzamidine C 2 H 4 <^j^g^CPh 

[101®], of which the salts B'HAuCl, and 
are crystalline ^Hofmann). 
Si-ethyleBe-diamine C 4 H, pN, 

NH<^p>NH. (o.l70“). V.D. 2-7 (calc, 2-9). 

Formed, toother with ethylene-diamine and tri¬ 
ethylene-diamine by the action of ethylene chlo¬ 
ride on alcoholic ammonia (Hofmann; Natanson, 
A. 98,291). Alternate treatment with £tl and 
moist sUvei oiide yields three bates, one toU* 


tile and two fixed. The corresponding iodidei 
are (OJHOjN^t,!,, and 

(CjHJjNJStpIr Mel forms (02H4),N.Me4l2. By 
the action of ethylene bromide on ethylamine 
there is formed (OjHJjNjHjEt-Brj, os well as 
CjH^NjH^EtaBia. On aistilling the former with 
baryta the free base (C 2 H 4 ) 2 N 2 Etj (185®) is ob- 
tained. 

Tri-ethyleae-diamine C.Hj.N, U (O.H,).N,. 
Mol. w. Ilk ( 0 .210°). Formed by the actiem 
of NH, on'etUylene chloride (Hofmann, Pr. 10, 
104). 

Di-ethylene-triamine C,H,,N, 
t.e. NH(C. 2 H,NH. 2 ).,. (208®). The bromide 

(CjH,)^,H,Bri, among the products of the ac¬ 
tion of ammonia on ethylene bromide (Hofmann). 
The portion of the bases boiling from 200"* to 
220° consists almost wholly of di- and tri- ethyl- 
ene-triamine, which may be separated by crys¬ 
tallisation of their platinochloride.s. Strongly 
alkaline liquid, miscible with water and alcohol, 
almost insol. ether. Neutralises acids completely, 
giving beautifully crystallised salts, generally 
V. sol. water, si. sol. alcohol, insol. ether. The 
aqueous solution is not ppd. by KOHAq, but 
solid KOH causes the base to separate as a liqviid 
layer, which rapidly absorbs CO. from the air.-- 
B'"H,C1,. — B'"H.,Cl 2 . — PtClp: golden 
needles: cannot be recrystallised without de¬ 
composition. — B®'H,PtCl„. — B"'HjPtCl.. — 
B'"HC1H TtCl,,.- B'",H,C1 JLPtClp. 

Among the products of tiie action of ethyl- 
amine on ethylene bromide are salts of the 
ethylated di-ethylene triamines (C-_;Uj)jN,H,Et. 
and (C^lIJ-^NjlLKt,, which boil at about 220® to 
250°, and of which Hofmann {Pr, U, 420) has 
prepared the following salts: (C.^H,)^sHoEt.^Cl,: 
nacreous leaves; differs from the hydrochlor¬ 
ides of related bases in being insol. alcohol.— 
(CjH,)._.NjH,Et 2 lj: deposited 
only when excess of hydne iodide is preseut.— 
(CjH,)jN,H,EUHN 03 . — Platinochioride 
{(CjHJjNjHjEtpljSH^tClj. The formation of 
(C Hmust be ascribed to the presence 
of NH, in the ethylamine used. 

Tri-ethylene-triamine (C 2 H,),N,H,. (210°). 
Formed as above. Its tnacid salts are only 
formed in presence of a large excess of acid, 
feebly acid solutions depositing salts with 1 or 2 
equivalents of acid.—B^'^SH^PtCI,: l<fog golden 
needles, more soluble in water than the pUtino- 
chlorides of di-ethylene-triamine and of the 
ethylene-diamines. Decomposed by recrystalli- 
sa^OD.—B'^SHAuGlp: yellow plates, sol. water, 
alcohol, and ether; may be recrystallised from 
water, but decomposed by long boiling therewith, 
gold teing ppd.—B’“H.^rj. 

The etbyjated derivative (C,H,),N,Et, is an 
alkaline oil, boiling between 220® and 260®, 
formed by the action of ethylamine on ethylene 
bromide; it forms a platinochioride B"*,3H..^C1,. 

Tetra-ethyleae-triamine (OjHJ^N,^. A mix- 
ture of the hydrobromides of this base appears 
to be deposited ^en ethvlene bromide is mixed 
with alcoholic ffH| and left to itself for several 
months (Hofmann, B. 8,762). Gombines with 1, 
2, or 8 equivalents of HBr forming amorphous 
sidts, ins^ water, alcohol, and ether. By pro¬ 
long^ boiUng with ammonia tiie corresponding 
hydroxides are got in an amorphous nnorystal* 
lisable form, Insol. water, i^eohol, and ether. 
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fri-athylwie.tetrftmlne (CaHJ^N^H,, Occurs 
among the products of the action of ethylene 
bromide on ammonia, but is best obtained pure 
by treating ethylene-diamine with C,H^r 2 , and 
separated from its hydrobromide by moist Ag^O. 
Strongly alkaline liquid.—B"' 2 H 2 ptOi,: pale yel¬ 
low, amorphous, powder, almost insol. water. 
By the action of diethylamine on ethylene brom¬ 
ide at 100 ° there is formed {OjH.ljN^EtgHaBr^, 
together with the compound (OaH 4 )N^Et 4 HaBra 
^ready mentioned. If the mixture oe treated 
with AgjO and the liberated bases distilled with 
steam the volatile diethylamine and tetra-ethyl- 
ethylene-diamine pass off, while the fixed octo- 
ethyl-tri-etbylene tetrammonium hydroxide 
(C 2 H,),N 4 Et 9 H 2(^^)4 remains behind. It forms 
the following salts: (C 3 H,),N,Bt»H 20 l 42 PtCl<: 
small crystalline plates, almost insol. water.— 
(C2H4)jN4EtgHaCl44AuCl,. — (C^4)8N4Et.K,l4: 
white crystals (from alcohol); v. sol. water. 
Further treatment with Etigivea (C 8 H 4 ) jN^EteHI^, 
which forms very fine crystals; m. sol. alcohol. 

Penta-ethylene tetramine (C 2 H 4 )jN 4 Hj. When 
ethylene bromide is heated with ethylamine to 
100 ° the following products result, besides 
NEtHjBr: 

- (C,H4)8N8Et,H8Br, - (0^4)8N,Et,H3Br, - 
{C,H 4 )jN 4 Et 4 HjBr 4 —f02H4)4N4Et4Br4. The bases 
corresponding to tne first four salts have 
already been mentioned as being volatile. The 
product is therefore treated with moist Ag^O and 
then distilled with steam; the residual liquid is 
powerfully alkaline and consists chiefly or alto¬ 
gether of (C.jH 4 ) 8 K 4 Et 4 H 2 (OH) 4 . The salts of this 
base orystailiee with difficulty. Hofmann de¬ 
scribes ( 02 H^)AN 4 Et 4 n 2 Cl, 2 rtCl 4 and the auro- 
chloride {C2H4)4N4Et4HoCl44AuCl3 as amorphous 
or indistinctly crystalline and el. sol. water. £tl 
forms (C 2 H 4 ) 5 N 4 Et 8 Hl 4 and (C 2 H 4 ) 5 N 4 Etj 4 . 

Hexa-ethylene tetramine (C 2 H 4 } 8 N 4 '. The 
ethylp-bromide (G 2 H 4 ) 8 N 4 £t 4 Br 4 is formed as 
above, but is better prepared by the action of 
ethylene bromideonC.,H 4 K«Et 2 H 2 or (C^HJjNjEta. 

STHTLENE BIIBOAl^L BISULPHIDE 
02 H 4 (SG 4 H„| 2 * (245°-266°). From ethylene 

bromide and sodium isoamyl mercaptan (Ewer- 
lof,B.4,716). Gives C,Ht{SOCJlMU5^-150^] 
on oxidation. 

ETHYLENE-ANILINE v. Dx-PHSNVL-ETnTL- 
ENE-nUbftNE. 

ETHYLENE-BENZOATE u. Benzoyl deriva¬ 
tive of Glycol. 

eteyleke-bi-benzoyl cabboxylio 

AOIB V. Dl-fHEKYL-ETHYIiBNS DXKETOME jAB- 
BOXYUO ACin. 

ETHYLENE-BENZYL-CABBOXYLIC ACID 
V. Di-BHEHYL-BUTANB nX-Ci^OXYLlC ACID. 

ETHYLENE BBOHIBE G,H4^r2 i.e. 
OHjBr.GHjBr. Di-hromo-etliane. [9‘2°]. (1311° 
cor,). S.G. if 2*1890; || 2*1720 (Perkin); 
2 . 1767 ; ip* 2*1901 (Thorpe, 0. J, 37, 177); 
2-1768 (Weegmann, Z. P. 0. 2, 218). G.E. 
(0°-10°) *00096 ; (0°-100°) *0(1081. V.D. 6*49 
(calc. 6*66). M.M. 9-700 at 1^2° (Perkin, 0. J. \ 
45,622), S.V. 91-66 (Sohiff); 97*06 (Thorpe). ■ 

PorwatMW,—-1. By combination of bromine 
with ethylene (Balard, A. Oh. [2] 82, 875; 
L 6 wig, Daa Brom, Heidelberg, 1829; SeruUas, 
A. Oh. [ 2 ] 89, 228; D'Areet, /. pr. 6 , 28$ 
Begnault, A. Ok. [2] 59, 858; Hofmann, 0. /. 


4Si 

18,67).—2. By brominatiou of ethyl bromide In 
presence of AljBr* (Tavildaroff, B. 6 , 1459$ 
18, 2403; Bl [2] 34. 846). 

Preparation, —Ethylene is passed through % 
series of bottles containing bromine covered by 
* water; the product is washed with alkali, dried 
with Ca 0 l 2 , and distUIed (Erleftmeyer a. Bunte, 
A. 168, 64). 

Pre^erties.—Colourless liquid with pleasant 
smell; below 9° it is a crystalline nmss. Insol. 
water, sol. alcohol and ether. 

Beactions. — 1 . Alcoholic potash on boiling 
gives vinyl bromide and acetylene.—2. KHS 
forms C^ 4 (SH) 2 .—3. K 2 S gives GjH.S ana 
CjH.Sj.—4. Ag04c produces C 2 H 4 (OAc) 2 .—5. 
/ucoholio KOAo forms C 2 H 4 (OH)(( 3 Ao).— 6 . KOy 
forms C 2 H 4 (CN) 2 .—7. Ammoma forms ethylene- 
diamine, di-etbylene-diamine, tri-ethylene-di- 
amine, &c.— 8 . Water at 160° forms aldehyde 
(GaTiu8,^131,172); Kriwaxm(^.[2]7,268) ob¬ 
tained no aldehyde. But when excess (26 pts.) of 
water is used at 100° glycolisformed (Nioderist, A. 
196,354). Water and PbO at 220° form aldehyde 
(Eltekoff, B. 6,568; Nevole, B. 9,447).—9. Alco- 
hoi at 160° gives water, aldehyde, ethyl bromide, 
and ether (Carius).—10. Fuming H 2 SO 4 , SO, ox 
ClSO,H at 100° form CH 2 Br.CH 2 .SO 4 H (Wro- 
blewsky, Z. [2] 4, 563 ; 6 , 281).—11. Beduced in 
presence of water or alcohol by zinc slowly, but 
more quickly by the copper-zinc couple, the pro¬ 
duct bding ethylone (^Gladstone a. Tribe, C. J. 
27, 406). Ethylene is also formed by heating 
C 2 H 4 Br, 2 with aqueous KI.—12. Water and Ag. 4 GO, 
form glycol. Water and Ag.^O give aldehyde 
(Beilstcin a. Wiegand,B. 15,1368).—13. AgjSO, 
in benzene forms (CHjBr.CH..).,S 04 . Ag^SO, ir 
water gives (CHjBr.CHJSOiH (B. a. W.).- 
14. Ethylene bromide (188 g.) boiled with watei 
(1,000 g.) and EOH (112 g.) is completely con 
verted (in 6 hours) into ^r and vinyl bromid( 
(^Stempnewsky, A. 192, 240).—15. Boiling witl 
dilute NajCO, forms glycol.—16. Boiled witl 
aqueous sodium sulphite it probably forms sodii 
isethionate, thus : CjHJBr^ + NOjSO, + H,( 
= HO.C,H 4 .SO,Na+NaBr-hHBr (James, 0. J 
43, 44), as well as ethane di-sulphonio aou 
(Strecker, A. 148, 90).—17. SbCl, form 
CH^Cl.CHjBr (Henry, O.B. 97,1491).—18. Et^ 
forms EtBr, (G 2 H 4 ),S 2 , Et^SBr, and perhap: 
(C 2 H 4 ),S 2 EtBr (Dehn, A. Stippl 4, 83; B. 2,479 
Masson, C. J. 49, 258).—19. Fuming HNO 
forms bromo-acetio acid and GBr 2 (N 0 . 2)2 (Each 
ler, AT. 2, 559).—20. Boiling cone. HIAq form 
ethylene iodide (Sorokin, Z. 1870, 519).~ 

21. With sodium-aceto-acetic ether it give 
CH,.COv /CH, 

j , acetyl-trimethylene cax 
CO,Et/ \OH, 

boxylio ether and very small quantities c 
OH,.C-O.CH, 

H I (Perkin, jun., 0. J. 51, 822, 

CO;jEt.O~—"UHj 

22. JH-sodium acetone di-carboxylio ethe 
• CO,Et.CHspCOv /CEL 

forms >0<^ 1 • Thsjfualtio 

CO^\/ W 

acid when boiled with water gives wjetyl-propj 
alcohol and 200, (Perkin).—23.* Potaesiw 
phthalimide at 200° brms bromo-ethyl-phtha 
tmi^ 0 AC, 0 ,N. 0 ,H 4 Br which wW heati 
with concentrated h^c bromide at 19C 
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forms tho hydrobromide of bromo-ethylamiae 1 
OH^r.OHyUH^t Diluted H,,S 04 

decomposes bromo-ethyl-phthaUmide forming 
oxyethylamine OH^OH.CBLNHj (Gabriel, B, 
21 , 566 ). 

BTHTLE5E SBOHO-IODIDB v. Baouo- 

lODO-BTBA^K. , 

ETHYLENE CAEBAMATE C^,(OCONHJr 
[149°3. Formed by the action of chloro-formio 
amide on glycol, the later being in excess (Gatter- 
mann, A. 244, 42). Crystalline flocculent mass. 
SL sol. ether, CS*, v. soL hot water, alcohol, 
HOAo. 

ETHYLENE DI-CAEBAMIC ETHEB 
CjH^fNH.CO.OCjHJj. Etlylcjie diurethane. 
[U2“]. Prepared by adding cthylonc-diamine 
to an ethereal solution of ethyl chioro-carbonate 
and purified by distillation under 60 mm. Colour¬ 
less needles. V. sol. alcohol and ether, t. bI sol. 
water (Fischer a. Eoch, A. 232, 228)j 

ETTObENE CABBONATE C^H^CO^. [39°]. 
(236°), From glycol and COClj (Nemirowsky, 
J, pr. [2] 28, 439). Needles (from ether). V. 
sol. water, alcohol, and warm ether. 

ETHYLENE BI-CABBOXYLIC ACID v. Fo- 
lurao ACID. 

Ethylene tetra-carboxylic acid CeH^O, i.e. 
(C0^),C:C(G02H)3. The free acid decomposes 
very readily. 

Saits.—KjHjA"": from the ether by cone. 
KOHAq.-Ca A"" 7aq.—Ag,A"". 

Ethyl ether [58°]. (325°-328°). 

Formed by the action of NaOEt on chloro-ina- 
Ionic ether (Conrad a. Guthzeit, A. 214, 76). 
Formed also by the action of iodine (2 mols.) on 
di-6odio-malonio ether (2 mols.) in absolute al¬ 
cohol (Bischoff a. Bach, B. 17,2781). Monoclinic 
tables, y. e. sol. ether or boiling alcohol, insol. 
water. Does not combine with bromine. Pre¬ 
pared by digesting chloro-malonio ether, diluted 
with anhydrous ether, for 20 hours with sodium; 
yield 50 p.o. of the theoretical. By healing witli 
alcohol and aqueous HCl to 100° it yields fu- 
marie acid. By zinc-dust and HCl it is reduced 
to ethane tetra-carboxylic acid (Conrad a. Guth- 
seit, g.l6 ,2631). 

ETHYLENE CHLOBEYDBIN v. Cnnono- 
XTHtL ALCOHOL. 

ETHYLENE CHLOBIDE C^n^Clj 
♦A OHjCl-OHaCI. Di-chloro-ethane. Mol. w. 99. 
(83*6°) (Thorpe. C. J. 87,182); (83*7° cor.) (Per- 
kin, a. /. 45, 628). V.D. 3-42 (calc 3 42). S G. 
# 1*2808 (Th.); 1*2666 (Schiff, A. 220, 96); 

1*2621 (Brdhl, A. 203, 10); 1*2501 (Wcegmann, 
Z. P, C, 2,218); U 1*2699; 1*2480 (P.). C.E. 

(0°-10°) *001162; (0°-60°) *001218 (T.); (9*8° to 
63*8°) *001269 (8.). S.V. 85*34 (Thoipe); 87*2 
(Ramsay); 85*24 (Schiff). M.M. 6*485 at 14*4° 
(Perkin). ^ 1*144 (W.). 1*4502. Ra, 34*12 

(B.). H.F.p. 34,280 (Th.). H.F.v. 38,120 (Th.). 

Discovered in1795 by the four Dutch chemists 
(v. EtHniEKB) and henpe called * Dutch liquid.* 
Produced by i^mitting Ethylene and moist 
chlorine simultaiSeously into a large globe. It 
mav allb be prepared bypassing ethylene through 
a sughtly heated mixture of MnOj (2 pts.), NaCl 
(8 pts.), water (4 pts.), and H^BO^ (5 pts,). 
Formea also by passing ethylene into SbCl,. 
The product obti^ned from any one of these re- 
actions is washed with alkali, dried over CaCl„ 


and rectified (Liebig, A. 1,213; 9,20; Doaifta, 
A. Ch. [2] 48,186; WShlcr, P. 18.297; LauieiU, 
A. Ch. [2] 63,877; RognauU, A. Ch, [2] 68,801; 
69,261; 71, 871; Limprioht. A. 94. 246; Ma. 
laguti, A. Ch. [8] 16, 6, 14; Pierre, C. B. 25, 
430). It is formed also by heating glycol with 
excess of HCl in sealed tubes at 100° (Schorlem- 
mer, C. J. 89, 144). It is obtained in large 
quantity, together with some of its chlorinated 
derivatives, from the by-products in the manu¬ 
facture ot chloral (Kramer, B. 3, 257). 

Properties.—Oil, with sweetish odour; sol. 
alcohol and ether. Dissolves phosphorus. Not 
affected by BLSO, at 100°, but at 130° carbon is 
separated (Oppenheim, B. 2,212). Bums with 
green fiame. Etljylono chloride may be used 
with great advantage as an anaesthetic in opera¬ 
tions on the eye (Dubois a. Roux, Compt, rend. 
!ioc. Biol 4,584 ; C. B. 108,191). 

licacthns. —1. Its vapour passed through a 
red-hot tube forms carbon, naphthalene, chloride 
of carbon, &e. —2. When covered with water and 
exposed to sunshine it is decomposed, yielding 
HCl and acoticether.—3. It is chlorinated by Cl 
in heat or light.—4. Dry amm(mia does not act 
upon it, but when dissolved in water or alcohol 
it forms the various ethylenc-amlnes (Kobiquet 
a. Colin, A. Ch. [2] 1,213; 2, *206).—5. Potas¬ 
sium attacks it violently, forming hydrogen, 
vinyl chloride, and other products.—6. Aqueous 
potash has little action, but alcoholic potash 
gives ethylene and vinyl chloride {Maumen6, C. Ji, 
68, 931).-7. KHS, K^S, K-S,, and KCyS givo 
the corresponding ethers of ethylene.—8. PCl^ 
at 190° yields CHCl 2 .CH,Cl (121°-133°) and 
CHClyCHClj (133°-liG°) (Colson a. Gautier, 
A. Ch. [6] 11, 31). 

ETHYLENE CHLOBO-BBOMIBE v. Cnnoao- 

BBOirO-ETBANE. 

ETHYLENE CHLOEO-IODIDE 9 . CuLor.o- 
lono-ETHANE. 

ETHYLENE CHL0E0-7HI0(JYANAXE v. 

CniiOUO-ETHYL BULPHOOYANIDB. 

ETHYLENE CYANIDE v.Nilrile of Succisio 

ACID. 

ETHYI-DI-ETHYL-DI-AMIDO-DI-BENZOIC 
ACID. g(%Z«fker.CjH,(NEt.CeH,.CO;Et)5. [98°- 
100°]. From C 2 H,(NH.C,H,.CO,II),byKOH and 
lEt (Schiff a. Parent!, A. 2*26,240). Doubly re¬ 
fracting prisms (from alcohol). Insoh water. 

ETHYLENE-ETHYL-AMINES v. Ethyl deri¬ 
vatives of Ethtlene-amtnes. 

ETHYLENE DIETHYL CARBONATE 
C2H4(0.C02Et).^ (226°). From sodium glycol 
C^ 4 (ONa)j and CiCO,Et in ether (Wallach, A. 
226,82). Split up by long boiling into carbonio 
ether and ethylene carbonate. 

ETHYLENE-ETHYL-PHOSPHINE v. ETHvr,- 

fHOBPHINB. ' 

ETHYLENE-DI-ETHYL DI-StTLPHIDE 
‘«C 3 H 4 {SEt) 3 . (212°). Formed by adding ethylene 
bromide to a boiling solution of sodium mercap- 
tide (1 pt.) in ether (8 pts.) (Ewerl6f, B. 4,716 
Beckmann, /. tfr. [2] 17,468). Decomposed by 
heat. Conver^Jsy EtI at 100° into SEt.I and 
CMA (Braun, B. 20,2967). 

ETBCTLBNE-DI-ETHYL DI-8DLPH0NE 
CjH.{SO,.Bt),. Ethylene disulphimic ether. 
[187^. Formed by oxidising ethylene-di-etbyl 
m-Bulpho;ride with EMn 04 (Ewnrldf; Beck¬ 
mann, J. nr. [21 17» 468). Mso from sodium 
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•thftiitt stslphiaate aod ethylene bromide, and 
Irom Bodinm ethylene disulphinate and BtBr 
(Otto a. OaeanOTa, /. pr. [2] 80,172; 86 , 488j. 
Short needles, sol. hot water and alcohol, si. 
sol. ether, benzene, GHC1„ and cone. HNOg. Not 
affected by reduoi^ agents, PGl^, or EMnO*. 
Nascent hydrogen in alkaline solution converts 
it into sodium ethane-sulphinate and alcohol. 
Successive treatment with aqueous EOH and 
BzGl gives S 0 jEt.CH,.CH 2 . 0 Bz [118®]. It is 
uncertain whether ethyleno di-ethyl di^ulphone 
has the constitution C 2 H 4 {S( 02 ).Et| 2 ,or whether 
it is not rather the ethyl ether of ethane disul- 
phinio acid, under which it has also been de¬ 
scribed. 

ETHYIJINE-DI.ETHYL DI-SUtPHOXIDE : 
CjHdSOEt),. [170°]. Got by oxidising ethyl¬ 
ene-di-ethyl di-snlphide with HNO 3 (S.G. 1*2), 
neutralising, evaporating, and extracting with 
alcohol (Beckmann, J. pr. [2] 17, 468). White 
scales, sol. water and alcohol, insol. ether. Be- 
duced by Zn and H^SO,, or by HI to the corre¬ 
sponding sulphide. Attacked by PGlj. Keduces 
KMnO^. 

Combination .—^With nitric acid it forms, on 
evaporation, an acid syrup CiII^(SOEt)j, HNO3. 

ETHYLENE ETHYL DI-THIO-DI-CAtt. 
BONATE V. Erntn thio-carbonxtes. 

(a).ETHYLENE-DI.ETHYL-I)I-UREA 
CHH„N 402 t.e.G 2 H 4 (NEt.C 0 .NH 2 )j. [124°]. From 
di-ethyl-ethylene-diamine, hydrobromide, and 
silver cyanate (Volhard, Pr. 11, 268; A. 119, 
349). Flat needles (from alcohol). V. sol. cold 
water, v. e. sol. alcohol, insol. ether. Boiling 
KOlIAq gives NH„ GOj, and C 2 H,(NEtH) 2 .— 
B'^H-^rtGl,: orange grains, decomposed by hot 
water. • 

(/3) .Ethylene-di-ethyl-di*urca 
C^H^fNH.CO.NHEtJj, [201' ]. From ethylene- 
diamme and cyanic ether (Volhard). Small 
needles, v. sol. hot, si. sol. cold, water, v. si. 
sol. akohol. Decomposed by boiling KOHAq, 
giving etbylamine and ethyleno diamine. Is not 
basic. 

ETHYLENE GLYCOL v. Glycol. 

ETHYLENE HEPTYLIDENE DIOXIDE 

C.H„.CH<q>C.H,. ( 0 . 180°). Formed by 

heating heptoio aldehyde (1 vol.) with glycol 
(3 vols.) ^ 130° for 8 days (Lochert, BL [2] 48, 
337, 716). Formed also by heating a mixture 
of heptoio aldehydo (oenautliol) (1 vol.), glycol 
(2 vols.), and HOAo (1 vol.). Liquid. 

ETHYLENE-IMINE CiH^N 

„ O.H.A i... <S^;nh;OH> 

V.D. 2-93, Formed by subliming ethylene- 
diamine Jhydrochloride (4g.); the sublimate is 
dissolve^n water and ppd.bypotassio-bismuthio 
iodide, the pp. being tnen decomposed by KOH 
(Ladonburg a. J. Abel, JB. 21, 758,270^. Deli¬ 
quescent porcelain-like mass.. Its V.D. corre¬ 
sponds to the formula but when first 

prepared it is possibly CaHjN.' Insol. ether, v. 
sol. alcohol; absorbs COj from the air. The 
base is perhaps identical with spermine. 

Salts.—C,E.NHGi: tables, v. sol. water, 
insol, alcohol-B'jHjPtGl,: yeUow prisms.-- 
garnet-red plates, insol. cold 
water.—B'HAuGI^: nacreous leaflets, decom- 
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posed by heating with water.—B'jHjClaSHgCl,: 
clusters of quill-like groups of ne^es. 

ETHYLENE IODIDE OMl. is. OHJ-CH*!. 
[82°]. 

Formation. —1. By direct combination of 
Jlodine and ethylene in sunshine (Faraday, Ann. 
Phil. 18, 118), or by heating to 60° (Begnault, 

A. Ch. [2] 69, 367).-^2. One of the products 
formed when EtI is passed through a red-hot 
tube (E. Kopp, J. Ph. [3J G, 110).—3. From glycol 
and oold HI.—4. By lioating ethylene chloride 
with Cal.j 3^aq at 75° (Spindler, A. 231, 265; 
Van Romburgh, R. T. 0. 1,151). 

Preparation.—h. pasty mixture of iodine and 
absolute alcohol is saturated with ethylene and 
agitated, fresh quantities of iodine being added 
from time to time (Semenofl, Zeit. Ch. Pharm, 
1804, 673). 

P/'operrics.—Colourless needles or prisms; 
may be readily sublimed in hydrogen or ethylene. 
Insol. water, v. sol. ether and boiling alcohol. 
Slowly split up, especially under the influence of 
light,into ethylene and iodine; this change takes 
place rapidly at 85°. 

Reactions. —1. Chlo^'ine gives iodine and 
ethylene chloride. Bromine acts in the same 
way.—2. Aqueous KOHAq has but little action; 
but boiling alcoholic potash gives ethylene and 
vinyl iodide.—3. Water at 275° gives ethane, 
COn, and iodine (Berthelot, A. Oh. [4] 3, 211). 
4. Mercuric chloride in the cold forms C;.H,CII. 
At 100° it forms CyH^Cl, (Maumen6, C. R. 68, 
727). — 6 . Silver picrate forms the compound 
CH^.CH,.O.C 4 H 2 (NOj)a [70°], crystallising in 
light yellow prisms, insol. water, si. sol. cold 
alcoiiol and ether, v. sol. chloroform (Andrews, 

B. 13, 244). 

ETHYLENE lODO-CHLORIDE CHjI.CH.,Cl. 
ClUoro-iodo-ethane. (140° cor.) (Thorpe, C. J. 
37, 189). S.G. S 2-1644 ; 2*1336 (T.). Ob¬ 

tained by agitating an aqueous solution of ICl 
containing a trace of free iodine with ethylene 
iodide or ethylene (MaxwelLSimpson, Pr. 11, 
590; 12, 278). Colourless oil with sweet taste, 
si. sol. water. Moist Ag^O at 180° forms glycol. 
Silver at 160° gives Agl, ethylene, and ethylene 
chloride (Friedel a. Silva, Bl. [2] 17, 242). 

ETHYLENE LACTIC ACID t>. Hydraoryuo 
ACH). 

ETHYLENE MALONIC ACID ©.Tri-methyl. 

ENB DICABBOXYLIO ACID. • 

ETHYLENE MERCAPTAN C^(SH)j. 
(146°). S.G. — 1‘123. Formed by the action 
of alcoholic KHS on ethylene chloride or brom¬ 
ide (Lowig a. Weidmann, P. 49,132; A. 36,822; 
Kekul6, K. 1, 655). Liquid, v. sol. alcohol. Sol. 
aqueous alkalis. Oxidised by HNOg to the acid 
C{H4(S0,H),. When HCl is passed through a 
mixture of ethylene mercaptan with chloral there 
is formed the compound CjH 4 (S.CH( 0 H). 001 ,)g 
[116°], which crystallises from ether in shining 
plates (Fasbender, S. 21, 1476). In general 
e&ylene mercaptan combines with aldehydes, 
with evolution of heat, forming additive pr^ 
duots, which are decomposed by water into weir 
constituents. When HCl is passed into equi* 
molecular mixtures of etiiylene mercaptan and 
an aldehyde, condensation tekes place, an aUc]^ 
ated ethylene mercaptan being formed. 
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Salts.—OjH.SjPb: light-yellow.-C,H,S;Cu: 

^^^Di-methyl derivative C.H|(S5Ie)j. 
(183®). From ethylene bromide, and NaSMe 
|Ewerl«,B.4,716). ^ 

Di-ethyl derivative C 2 H,(STlt)j. (o^ 
211 ®). 

Di-isoamyl derivative C.H 4 (SCjHn)y 
(245®-256®). Gives on oxidation OjH^iSO.CjH,,), 

Beneylidene derivative CjH|S,CH.CuHj. 
[29®]. From benzoic aldehyde, ethylene raercap- 
tan, and HCl. Inaol. water, sol. alcohol and 
ether (Fasbender, B. 20,460 ; 21,1476). _ 
p.Methoxy-beneylidene derivative 
OAS,OH.C,H,.0Me. [65’].“ From anisio alde¬ 
hyde and ethylene mercaptan (P.). 

Acetylene derivative 
C^,Sj.CH.CH.S,C.H.. [133°]. From glyoxal 
and eftylene mercaptan. 

EthyUdene derivative C.il.SXHMe. 
(173°). Oxidises to a disulphonc [l',W°]. 

Propylidene derivative CjHjSjCHEt. 
(192 ). Gives a disulphone [124°]. 

Iso-propylidene ieritiatioeC.iII,S.CMej. 
(171°). From acetone, ethylene mercaptan, and 
HCl (F.). Potassium permanganate gives by 
oxidation C 2 H,(SOj)jCMej [232°]. 

Di-phenyl-methylene derivative 
C^.S,CPh.[106°]. 

u-Chloro-ethyl-ethyl derivative 
EtS.C,H,.S.CH 2 .CH,Cl. From ethylated ethyl 
eno mercaptan, Bt.S.CjH^.SH by treatment mth 
KOH and glycolic chlorhydrin, the product, 
Et.S.aH.. 8 .C 2 H 4 . 0 H being then mixed with 
PCI, in the cold (Demult a. V. Meyer, 4. 240, 
312). Neeies. Decomposed by distillation into 
EtCl and di-ethylene-di-sulphide. 

ethylene . METHYL- v. METHYL-ETinL- 
EME*. 

ETHTlEllE-NAFHirHAI.ENE v . Acenapii- 

XBENS. 

ethyixhe.haphthoic acid 
C,H,;C,A.CO^. [217°]. Colourless needles. 
Obtained by boiling its amide with alcoholic 
KOH (Gattermann, A. 244, 58). 

Amide C^.:C,.H,.CONa. [198°]. Formed 
by the action at OICONH., on aoenaphthene m 
presence ot ALCl,. Colourless plates. 

ETHYLEHE-MAPHTHYL BENZYI KE- 
lOHB (VH.:C.,H..C0.CH.,.CA. [114°]. From 
acenaphthene, phenyl-acetic chloride and AljCia 
(Papeke, B. 21, 1342). Long plates (from alco¬ 
hol). V. sol. hot alcohol. 

ETHYllNE-HAPHTHYI, DI-PHEHYL- 
ETHYL KETONE CiH,:C„H,.CO.CHPh.CH.;Ph. 
(104°). From the preceding by treatment with 
benzyl chloride and NaOEt (Papeke, B. 21,1343). 

ethylene NITEITE O..Jl,(O.NO),. (96°). 
8 .G. 2 1'2166. Prepared by distilling glyceryl 
Irinitrite with glycol (Bertoni, G. 15, 351). 
Yellow oil, sol. alcohol, ether, and chloroform. 
Gives a violet oolouration with cone. H^SO,. 
■When distilled with mefcyl alcohol it yidds 
methyl nitrite and glycol. Gradnally converted 
into oialio acid on exposure to air. men in¬ 
spired it prodnees vertigo and paralysis of the 

”‘^'^rid7*of°«thyi«ne nitrite 0,H,(NOJ,? 
[38°]. Formed by passing dry ethylene throngh 
liquid nitric peroxide, or by passing ethylene 


into dry ether, to which N,0, is at the same time 
added by drops (Semonofl, ZeU. Oh. Pha^ 
1864,129). mite fonr-sided pnams or tables, 
insol. water, v. sol. ilcohol and ether. When a 
gaseous mixture et ethylene and N^O, is heated 
to 65° there is formed, besides the oompound 
[38°], a pungent, volatile, and poisonous, heavy 
oil, which is perhaps identical with the oil de¬ 
scribed by Bertoni as the true ethylene mtnte. 

ethylene NITBITE-NITEATE 
C..H.(NOs)(NO,)? 8.G. 1'472. A pungent oil 
formed when ethylene is passed through a cooled 
mixture of HNO, and BLSO. or into fuming 
HNO, (KekuW, Z. [2] 6, 601). Decomposed by 
distillation with steam, yielding NO, nitrous 
fumes, oxalic, gljcollio, and glyoxylio acids. 
Bases produce the same bodies. Sodiura-amal- 
gaiii reduces it in alkaline solution to glycol, 
giving off NIL. 

ETHYLENE-DI-OXAMIO ethee 
0,H (NH.CO.CO,Et),. From oxalic ether and 
etiiyWe-diamine, remaining in solution when 
the following body is ppd. (Hofmann, B. 6, 247). 
Scales, sol. water and alcohol. 

ETHYLENE-OXAMIDE CANACiH,. From 
oxalic ether and ethylene-diamine (Hofmann, B 
5, 247). Amorphous, insol. water and alcohol. 

ETHYLENE OXIDE C.,H,0 i.e. 

Mol. w. 44. (13-5°). S.G. 2 -897. V.D.'l-42 
(calc. 1-53). H.Fp. 18,090 (Th.). HJ.v. 
17 220 (ThX Formed by warming glycolic chlor- 
i hydrin (chioro-ethyl-alcohol) CH„Cl.CH.pH with 
pitash and collecting in a receiver at -18 
‘ (Wurtz, C. E. 48.101; 49,898; 50,1195; 63,3re; 
k277; A. 110,125; 114, 61; 110.249; A Oh. 
[3] 56, 418, 427; 69, 317 ; C. 

Formed also by treating C^H.Brj or CjH,L with 
At 0 at high temperatures (Greene, 0. B. bO, 
024) From CH,(OAc).CH,Cl and KOH (Demole, 
A. 173,126). Mobile colourless liquid. Miscible 
with water and alcohol. Does not unite wim 
NallSOj, or with NH,. Cannot he dried by 
CaCl,. Behaves as a strong base, uniting di¬ 
rectly with HCl. HOAo, Ac. Ppts. from magne¬ 
sium, aluminium, ferric, and cupnc salts, the 
hvdrates of the metals, e.y. 

^ 2C,H,0 + MgCL + 2H,G 

= Mg(OH),+ 2CjH.C1.0H. 
BeacUons.—l. Sodium amalgam^edaeee it 
to alcohol, glycol and polyethylenio glycols being 
also formed.-2. Dnites 
CH,Cl.CH..OH. The nnion CjH 40 + HCl, both 
being gaseous, evolves 8,600 units of heat (Ber- 
thi C. B. 93, 185).-3. Unites with HOAe, 
giving CH,(OH).CH,(OAc).-4. Ao,0 gives 
CH,(OAc).CHL,(OAo) and the polyethylenio ih- 
acetates (C,H,0).Ae,0.-6. When heated with 
water in sealed tubes it forms glycol and the 
polyethylenic glycols.-6. Bromine (1 mol.) 
mixed with ethylene oxide (2 mols.), and cooled 
by a freezing mixture, forms (C 2 H 40 )..Br;^ c^tax- 
Using in prisms [66®]. insol. water, sol. alcohol- 

7. Afwnania frjrms oxy-ethyl-amine and com- 
pounds of the ftnnnla C^,(OH)(OOA),.NH,^- 

8. Heated with NtOISO, m a sealed tube at 100 
it gives OH,(OH).OH,.SO.Na (Erlenmeyer, K. 

[214 842)_9. Bwinifies aldehyde when neatea 

Wth’itin » sealed tnbe.-10. PCI. gives ethylene 
obloride.—IX. Pho^honium iodide gives FH, 
and ethyUno iodide (De Girard, 0. B. 101.478). 
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Sl-tthylMie dioxide (9°]. 

(102°). S.G. s 1048. V.D. 310 (calc. 3 06). 
Formed by treating the compound {0,H,0)iBr, 
tv. supra) with HjS or, better, with ideroury m 
the cold (Wurts). Liquid with taint odour. Sol. 
alcohol and ether, not attacked by ammonia. 

Polymeride of ethylene oxide (CjH,0),. 
[56°]. Formed by leaving ethylene oxide for 
some months after addition of a verj small 
fragment of fused potash or ZnClj (Wurtz, Bl. 
[2r 29. 630; C. B. 86 , 1176). A trace of HCl 
will not effect the change. It is a nodular crys. 
talline mass; v. sol. water, insol. ether. It does 
not reduce Pehling’s solution. 

Chloro.ethylone oxide C,H]C10. (70°-80°). 
From CHChCHI (1 vol.) and water (45 vols) at 
210° (Sabanejeff, A. 216, 268). 

Bromo-ethylene oxide C.H.BrO. (c. 91°). 
From CHBr j.cn,OH and KOH in lleOH (Demole, 
S. 9, 61). 

ETHYIENE-PHEHANTHEAQDINOXALINE 

C.H,.C-N-CH, 

0,jl,jl, ».e. I nil- Bthylene-di- 
C.H,.C-N-CH, 

phcnyle7ie-quinoxaline. [181°]. Formed by 

raixingphenanthraquinonenndethylene.diamine 

in warm acetic acid solution (Mason, D. 19,112). 
Distils undecomposed at a high temperature. 
Yellowish needles. V. sol. ether, benzene, and 
acetic acid, si. sol. cold alcohol, insol. water. 

ETHYLENE - DI - P HENYL. DIAMINE v. 

Dl-PHnXVL-ETHVLIiNB niUllSE, 

ETHYLESE. DIPHEN YL- DI- CAEBAMATE 
V, Ethylene ether of Piientl-caudamic acid, 
ethylene'-PHENYLENE-DIAMINE ». 

PhENYLENE-KTH'SLENE-DIAMINE. 

Ethylene-di-phenylene-m-tetramine 
[8:l]O.H,(NH,).NH.C,H..NH.C.H.(NHj)[l:3]. 
Di-m-miiulo-di-phenyl-ethylmc-diamine. [107°]. 
Formed by reduction of di-m-iiitvo-di-phcnyl- 
ethylene-diamine. Silvery needhia or tables 
(from hot water). Nearly insol. cold water. 

Salts. -With nitrous acid they give a brown 
colouration.— BnH,Cl,i soluble colourless plates. 
The piorate forms long brown sparingly soluble 
needles. The tin-double-chloride is si. sol. 
cold water (Gattermann a. Hager, B. 17,779). 

Di-ethyrencdi-phenylene-tetramins 

N-C,H,.NH., 

Ofl, C,H. 




[221°]. Prepared by teduc- 


a., 

tion ot dinitro 80 *diphenyl»diethyl€n 6 -aiainiiio 

(Morley, B. 12, 1796). Silvery leaflets. Bl. sol. 
alcohol, ether, and C.H,. •Violet colouration 
with F 0 ..CI,. ■* 

BTHYLENE-DI-PHENYLENE-NITRAMINE 

V. Di-NITUO'IM-PHBNTL-ETHYLENE-DIAMINB. 

ETHYLENE-DI-PHENyL-BI-SULPHONK v. 

DI-PHBNYL-ETHYLENB»DI»8ULPH0NE. 

ETHYLENE-DIPHTHAUMITB 
(O.H,CAN).,CaH,. [232^]. From potassium 
phthalimide (10 g.) and ethyleno bromide (12 g.) 
at 200 ®, the eniel product of the reaction being 
0,H..CA.N.0,H,Br [83°] (Gabriel, B. 20, 2224). 
Long lustrous needles (from HOAc). Fuming 
HOI at 200 ° splits it up into ethylsne-diamme 
and phthalio acid. 


ETHYLENE PSOPYLIDENE DI8ULPH0NS 
V, Ethylene uebcaptan. 

ETHYLENE DIFBOPTL BISTTIPHONE 
C 2 Ha{SOjPr)j. [166®]. Prom sodium ethane 
disulphinate and propyl bromide (Otto, J.pr. [2] 
36, 446). Iridescent prisms. 

ETHYLENE.DI.QUy«OLlNE i.6. 

XHiCH CH:CH.C. N:CH 

i iBi- 

\ N:C . CH,.CH^CH:CH.C.CH:CH 
[106*5®]. Prepared by the action of HI and 
amorphous phosphorus on acetyleno-di-quinoline 
[147°], itself prepared from p-araido-(P|/. 3)- 
styryl-quinoline by treatment with o-nitro* 
phenol, glycerin, ILSO, (Balacb, B. 22, 
289). Glistening prisms (from hot water). 

ETHYLENE SELENOCYANIPE C.^q(SeCy),. 
[128°]. From potassium s«lenocyanide and 
ethylene bromide (Proskauer, B. 7,1281). White 
needles (from alcohol), insol. cold water and 
ether, si. sol- hot water and cold alcohol. Boil¬ 
ing nitric acid oxidises it to C Jl 4 (SeO,Il)j which 
is deliquescent. 

ETHYLENE SULPHIDE C,H,S. This per¬ 
haps constitutes the amorphous pp. obtained 
when ethylene bromide is mixed with alcoholic 
KHS. It is nearly insol. alcohol, ether, and 
CSj. At 160° it changes to di-ethylene-disnl- 
phide (L 6 wig a. Weidmann, P. 49, 123). When 
ethylene sulphide is heated with Mel in a sealed 
tube at 65° it forms a sulphine iodide which 
resembles SMe-J rather than (CjH^)oSuMel in 
crystalline form and solubility (Masson, C. /. 
49, 249). 

Di-ethylene di-sulpMde 

Mol. w. 120. [112®]. (200°). V.D. 4*28 (calc. 
4*16). Formed by heating the preceding at 160° 
(Crafts, A. 124,110). Obtained also by heating 
ethylene tri-thiocarbonate C 2 H 4 CSJ or ethylene 
luercaptide of mercury CH^SjUg with CjH^Br, 
at 160® (Husemann, A. 120, 280). 

Pro^wr/ifis.—Monoclinic prisms (from CSJ, 
sol. alcohol and ether. Readily sublimed. 

Beactions.—l. Bromine forms (C.HJ-jSuBr^, 
a yellow amorphous pp. [96®].—2. Iodine gives 
CJT,S.I. [103°]: black monoclinic needles.-- 
3. Fu'm'ing HNO, forms (GHd-XSO)., below 
100®, but above 150® it gives (CoH 4 ). 2 (SOa)j 
(Crafts, A. 125,123). 

Combinations.— CjHySuHgClj: crystalline pp. 
got by mixing alcoholic solutione of CiH^S.j and 
HgCU. —O^HgS.^glu: minute trimetrio tables.--- 
C.H„ 8 aPtCl 4 : amorphous orange powder. — 

C 4 HgS, 2 AuClj: Vermillion pp.—(C,H8S,.)a4AgNO,: 

small monoclinic crystals; decomposing at 140®. 

Meihylo-iodide (CJSJ.^S.^Mel. From di¬ 
ethylene di-sulphide and Mel at 70° (Masson, 
C. J. 49, 238). Opaque white needles, v. sol, 
hot, si. sol. cold, w’ater, v. sol. alcohol, insol. 
ether. Sublimes above 100°, some 
being regenerated. 

Mtthylo-tri-iodi^e (C^H 4 ) 2 S.^Mel 5 . [89®] 
(Mlsson); [93°] (Mansfold, B. 19,2668). From 
the methyl-iodide and iodine. Thin lustrous 
gamet-red plates, v. sol. hot, si. sol. cold, aloo* 
nol, insol. ether. • ^ 

Di-^methylo-iodide (C.H 4 ) 2 SjMejIj. j^OS*], 

MethyXo'nitrate (CjHJjSjMeNO*. [172®], 
From the iodide and AgNO, (Masson). Pearly 
plates or rhombic crystals, v. e. sol. water. 
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m. soluble in hot olcohol, insoluble in ether.— 
(Ca^JiSjMeNO^gNO,: colourless barb-like 
*»ryBtalfl, v. e. sol. water, m. sol. alcohol, insol. 
ether; blackens in sunlight; detonates slightly 
when heated. 

3fetfcylo-sttZoha<e{(C8H4)..Sj}jMe4SO«7fui. 
[127^. From the lodide^and Ag^SO^. Large deli- 
qnesoent prisms (from water) or small needles 
(from alcohol). Decomposed by fusion. 

Meihylo<hloTid6 (0,HJ,S.,MeCl. [225®] 
(Uansfeld, B, 19, 2658). From the sulphate 
and BaClf. Needles or tables; v. sol. water, si. 
sol. alcohol, insol. ether (Masson, G, J. 49,242). 

: orange crystalline powder, 
got by adding FtOl, to accold solution of tho 
chloride.—Oi^iBiPtjCl*: formed by digesting 
the preceding compound with boiling water.— 
(C.EfgS 2 Me 01 ) 4 SPtCi 4 : formed, together with the 
following, by adding PtCL to a hot solution of 
the methylo-chloride. Orange anorphous pp., 
insol. water, alcohol, ether, and dilate acids, si. 
sol. hot cone. HClAq, sol. cone. NH.,Aq. Cold 
HjS does not affect it, but it is decomposed by 
H,S at 100®.-C,H.S^eClPtCl«: obtained by 
fractionally ppg. a solution of the methylo- 
chloride with PtCl,. Orange amorphous pp.— 
C,H,S^eClAuCL - light-yellow amorphous 
powder; decomposed by heating with water.— 
C^^SgClHgCl,: needles and thin plates, ob¬ 
tained by mixing aqueous solutions of its com¬ 
ponents. 

Methylo • hydroxide (G.^H,) 3 S 2 McOH. 
Formed in solution by treating a very dilute 
solution of the iodide with moist Ag.O in the 
cold. It ppts. solntions of mct.^llio salts and ab¬ 
sorbs CO, from the air. On boiling there is 
formed a white flooculent pp. and an oil 
0,A.S,; S.G. 1-044. This oil has a dis- 
agreeable odour, is insol. water, sol. alcohol and 
ether: volatile with steam. It combines with 
Mel. This oil is also formed when an aqueous 
solution of the chloride, iodide, sulphate, or 
nitrate is heated with potash or baryta-water. 
Mansfeld considers the oil to be and 

finds it can take up (2 mols. of) bromine. 

AyZo-ptcrafe(C2Hj2SjMeO.C,H2(NO,),. 
[198®]. Golden needles (Mansfeld). 

Bemylo^bromide{C^t)^SJ^^B.,'Bt. [146®]. 
From (C,H 4 )oS 2 and benzyl bromide at 150® 
fl^nsfeld, B. 19, 2666). Trimetric crystals 
(from water). 1^1. sol.water and alcohol. Potash 
(1 mol.) converts it on warming into oily 0 ,iH, 4 S„ 
which is slightly volatile with steam. 

Beneylo-ohloride (C,H 4 ),SjO^,Cl. [143®]. 
From the bromide and AgCl. Colourless silky 
needles. 

Beneylo-iodide From di- 

ethylene aj-snlpbide and benzyl iodide at 100®. 
Pale-yellow ne^les, si. sot water, m. sol. alco¬ 
hol, insol. ether. 

Beneylo-fiorate 

(C,H 4 )AO|H,OG,H,(NO^r [112®]. Golden 
ne^es. * 

• CH 2 .S.S.CH, 

IH-ethylene-tetra-salphlds | I . 

0H,.S.S.CH, 


[162®]? 

Formation.—1. By the action of bromine 
opon a chloroform solution of ethylene mercap¬ 
tan 02 H 4 (SH), or ^ bensyiideae-e&ylene-di- 


sulphide OgH|.CH^ | .--2. By treating 

^S.CH, 

ethylene mercaptan with cone. HjSOi or with 
S0 jG 1,.~48. By the action of hydroxylamine 
hydrochloride on an alkaline solution of ethylene 
mercaptan. 

Properties.—Amorphous powder. Softens at 
141®, melts at 152®. Almost insol. all sol¬ 
vents. Sol. phenol. Not volatile (Fasbender, 

B. 20,'*462; 21,1471). It forms a perbromide 
C 4 Hj,S 4 Br,: unstable brownish-red crystals. 

gives ethylene disnlphonio acid. 

DI-ETHYLBKE SULFHOBBOMIBB 
(C 2 H 4 ) 2 SBr 2 . Formed by heating ethyl sulphide 
with ethylene bromide and water (1 vol.) at 130® 
(Dehn, A. Sujml. 4, 83; c/. Masson, C, /. 49, 
253). It is said to give (CjH 4 )..SCljPtCl 4 . 

ETHYLENE SULPHOCHLOBIDE. A name 
given by Guthrie to various oils got by tho 
action of the chlorides of sulphur on ethylene 

ETHYLENE DI-SDLPHOCYANIDE 

C. H,(SCN),. [90°]. S.G.15 1-28. 

Formation.— 1. By heating an alcoholic solu¬ 
tion of ethylene chloride or bromide with an 
equivalent quantity of potassium sulphocyanide 
at 100® (Sonnenschein, J.pr. 65, 267; Buff, A. 
96,302; 100,219; Glutz,A.153,313).-2. From 
KSCN, C,H4C1.SCN, and alcohol (James, 0. 
43,40). 

Properties ,—Stellate groups of small needles 
(from water) or large trimetrio plates (from 
alcohol). Burning taste; blisters the skin. Its 
vapour excites sneezing. HNO,, oxidises it to 
ethane disulphonic acid C 2 H 4 (S 09 H),. Boiling 
aqueous KOH or baryta saponify it, forming 
sulphocyanidcs. 

Bcactions.—i. Tin and hydric chloride give 
CyS.CjH 4 .SHjCl, which orystalUses from al¬ 
cohol in scales, and forms a tin doable salt 
(CjH 4 NS 2 Cl)jSnCl 2 (Glutz). The corresponding 
compounds, CjHjNSil which melts above [100®], 
CjHjN.SjNO, |aq, and CjHjNSsSCy are crystal¬ 
line.—2. PEt, forms PEt,S and C 9 H 4 (PEt,CN), 
(Hofmann, A. Suppl. 1,66).—3. A warm cone, 
solution of Na^SO, forms crystals of 
CH 4 S,NO„Na 9 (?), while the mother-liquor con- 
tains C4H,oS,0,.Na4 (Glutz). 

DI-ETHYLENE DI-STTLPHONE 

CjH 4 <^gQp>C 2 H 4 . Formed by heating di¬ 
ethylene di-snlpbide with fuming HNO, for 
80 minutes at 150® (Crafts, A. 125,124). Formed 
also by the action of di-bromo-ethane on sodium 
ethane disulphinate (Otto, J. pr, [2] 36, 446). 
Prisms, insol. ordinary solvents, m. sol. hot 
cone. HNO)|. 

ETHYLENE DISXTLPHONIC ACIDn. Ethans 

nXSULPHOKlO ACID. 

DI-ETHYLEHE DISDLPHOXZDE 
C,H4<[[gQ^0^4. From di-ethylene di-sulphide 

and faming HNO, (Crafts, A. 124, 118; 126, 
123). Fonned also by treating (C 8 H 4 ) 2 SjBr. with 
water (Husemann, A* 126,290). Bhombonedra 
or long white prisms; decomposed by heat with¬ 
out melUng. V. soL water, si. sol. alcohol and 
ether. Ohiorine passed into its solution gives 
a crystalline of 04 H,Cl^iO|. 
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STKnsira iHio-AHitEunE aH,H.s 
'X-(NH)-N5. 

t*. Nc >0-S • Fonnod bf 

S 0 (NHJ-N^ 4 h^ 
heating ethylene bromide, alcohol, and thio* 
ammeline to 120^ (Batbke, B, 21,874). 

Beaction8.“~l> By passing chlorine through 
ft eolation of the hydrochloride in water an 
anhydride of ‘tauroammeline* is formed. 
This anhydride forms plates, insol. wa^er, sol. 

alkalis; it may be written 

N.SOa. 6^4 

2 . Oxidation with HNO, yields the compound 
GioHiiN^S-Ph. This compound has been called 
* tauro-di-ammeline,’ and ^crystallises from 
water in transparent prisms. It does not melt 
below 290'^. It reddens blue litmus, liberates 
CO, from carbonates, and forms very soluble 
salts of K, Na, Ca, and Ba. Its ammoniacal 
solution gives with AgNO, a pulverulent pp. 
not affected by light. On boiling with baryta 
it changes to * tauro-ammolide * 

Nf ^C.OH [ 0 . 267®]. which 

\C0-N/c,H,.SOaH 

forms moderately soluble crystals, and gives 
with ammoniacal copper solution a pp. of fiat 
amethyst-coloured needles. 

ETHTLEHE BI-TBIO-CABBONATE 


CjH.COS,. [31®]. From ethylene-tri-thio-oar- 
bonate by treatment with moderately dilute 
nitric acid (Husemann, A. 126, 269). Long thin 
rectangular tables (from alcohol). May be dis- 
tilled in a current of hydrogen; insol. water, v. 
sol. alcohol, ether, chloroform, and benzene. 

Ethylene tri-thio-carbonate Cp.CS,. [37^. 
S.G. 1’477. From NaXSj and an alcoholic 
solution of ethylene bromide (Husemann, A. 123, 
83). Large yellow crystals (from ether-alcohol), 
with alKaceoua odour, si. sol. alcohol, v. sol. 
benzene, OS,, and chloroform. Converted by 
ammonia into ethylene mercaptan and am. 
monium sulphooyanide. KHS gives KpSj 
and ethylene mercaptan. Fuming HNO, gives 
Cp[,(SO,H),. 

ETHYLENE THIO-ITREA C,H.Np ».e. 

alcoholic solution 

of ethylene-diamine mixed with CS, deposits 
in a short time amorphous CjEjN^S, (or 
?), insol. alcohol and ether, 

which, when boiled with water, gives o 2 
leaving ethylene tbio-urea (Hofmann, B, 6,240). 
Prisms (from water). SI. sol. ether, v. sol. alco¬ 
hol. Tastes bitter. Not altefed by digestion at 
high temperatures with CS, and PbOf 

Combinations.—(C,H„N,S) 23 HgClj.— 
(C,H,N 28 ) 2 PtCl,.—(CA.NaS)^ obtained 
by heating ethylene thio-urea with oono. HgSO^, 
fluting with water, and adding platinio chloride. 

Ethylene-di-thio-di-urea i-o. 

C..H 4 mH.CS.NH,),. The l^ydrobromide 
is formed by boiling thio-urea with 
OaHjr, in alcohol (Andreasoh, M. 4,142). This 
salt forms long broad prisms, soL cold water. 
HOI and KCIO. ozimse it to urea and 
C,H4(80,H),. Tha hydrochloride B"H,01, 
lorms geodes of slender needles. 


ETHTLENE-XOLYL- V. ToLn.-KTHTUBHi-; 

and t n/ra. 

ETETIENE - BI - n- TOLTLENS - TETEA* 
AMINE 

OaH,(CH,)(NEy.NH.C,H4.NH.C,^(CH,)(NH,). 
DS’m^cmiM-di^^tolyl-ethykTie^diamine. [169® 
nncor.]. Formed by reduction of di-m-nitro-di- 
p-tolyl-ethylenc-diamine (Gattermann a. Hager, 
B. 17, 779). Long oolouiless needles. SoL 
alcohol, si. sol. water. 

ETHYIENE-DMOLTLENE-NITBAHINS v, 

Di-mitro-di-toltl-ethilenb-dumihx. 

ETHYLENE-BEEA C,H,N,0 U. 

CjH,<^^>CO. [ISl-]. Formed by heating 

ethylene-diamine wi^ ethyl carbonate av 180^ 
(Fischer a. Koch, A. 232, 227). Needles v. sol. 
water and hot alcohol, si. sol. ether. Gives with 
UNO, a di-nitro-derivative without any evolution 
of gas (Franohimont, B. T. C. 6,219). 

Ethylenelhi-urea C^Hj^Np, «.a. 
Oj{H 4 (NH.CO.NH,) 2 . [192®]. From silver oyanate 
and the hydrochloride of ethylene-diamine (Vol* 
hard, Pr. 11, 268). Prisms, sol. water and alco¬ 
hol. Dissolves in HClAq, but separates unaltered 
on evaporation. Boiling cone. KOHAq gives 
ethylene-diamine, COg, and ammonia. With a 
solution of merourio nitrate it gives a fioooulent 
pp. It is immediately attacked by pure HNO„ 
giving o2 CO, and NgO in equal volumes 
(Franohimont, B, T. C. 6, 219).—^B'^HgPtCl,: 
orange-red prisms.—B'HAuCl,: golden scales. 

ETH7LENE-D1-7EETHANE v, Ethtleni 

niCARBiJIlO ETHER. 

ETHYL-ETHANE CABBOXYLIO ACID «. 
Botanb-cabboxtlio aou>. 

ETHYL-ETHENYL CAEBOXYUC ACID v. 
Butane tri-carboxtuo Acm. 

ETHYL ETHEB v. Ether. 

ETHYI-ETHyLENE v. Butylene. 

TETRA-ETEYL FERBO-CYANIDE Et^FeCy*. 
[214®]. Formed by the action of silver ferro- 
cyanide on ethyl iodide (Freund, B. 21, 935). 
Rhombio crystals (from chloroform). V. sol. 
water, alcohol, chloroform, insol. ether, petro¬ 
leum ether, and CSg. Is decomposed by oono. 
HpO^ with evolution of COj. HgCl, gives ft 
white pp. 

ETHYL - FLAVANILINE C,gH„Nj(C,H4). 
Orange colouring matter. — B'HI: long red 
needles. Formed by heating fiavaniline with 
ethyl.iodide (Fischer a. Rudolph. B. 16,1602). 

ETHYL FLUORIDE CjH,F. (-48®). V.D. 
1*70. S. (gas) 1*98. Produced by distilling a 
mixture or fluor-spar, alcohol, and HgS 04 or by 
warming £EtS 04 with KHFg (Reinsch, J. pr. 19, 
614; Fremy, A. 92, 247). Prepared by passing 
EtI over AgF heated to 40® in leaden tubes, and 
collected over mercury in dry glass vessels 
(Moissan, 0. B. 107,2C0). Gas, v. sol. EtI and 
EtBr. Under 8 atmospheres’ pressure it Uque- 
fies at 19®. Bums with a blue flame. Heated 
to dull redness in a glass bulb it gives a 
mixture of hydrocarbonh together with tr^es of 
fluoride of silicon. Subjected to a weak induc¬ 
tion spark its volume increases, and it gives hy- 
drofluorio acid, and small quantities of acetylene 
and ethylene, but no free carbon. Subjected to 
a strong induction spark it gives free carbon, also 
acetylene, ethylene, propylene, Passed 

through ft platinum tube heated to dull redness >1 
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yields hydttBuoric a#& uiiied wjih hjdrocarbons, 
p&rtly capable of being absorbed by sulpbario 
acid, and a ii(tle free carbon is deposited. An* 
esthetic. In large quantities the excitement is j 
followed bj death (Moissan, 0. B, 107.992). 

ETHT1*?0EMAHXI>E ’u. Formyl Privative 
of ETHmuiNE, and also under Fobhio aciz>. 

tt>l)l>STHTI<.FO£IhIAVll)IK£ 

HG(N£t 2 ):NH. Form^mid-di-ethyUamide. Pre¬ 
pared by allowing an absolute alcoholic solution 
of the hydrochloride of formimido>ether (1 znol.) 
and di>ethyI-Bmine (2 mols.) to stand at the 
ordinuy temperature for several weeks, and 
« then distilling ofi the alcohol and excess of di¬ 
ethyl-amine on the water-bath. When boiled 
with sdcohol it loses NHj, gfving a condensation 
product 0|«H2 iN|. The hydrochloride 
^B'HCl) forms glistening transparent prisms, 
very hygroscopic and easily soluble in alcohol 
[125^].—B'aHjCljPtCl^: yellowish-red sparingly 
soluble prisms [209®] (Pinner, B. IT, 179). 

s-Di-ethyl-formamidine 

HC(NH£t}:N£t. Form-cthyl-imid-ethyl-amide, 
Formed by the action of an alcoholic solution of 
ethylaniino on the hydrochloride of formimido- 
etber. 

Salts.—B'HCl: large deliquescent plates.— 
J^tCl^: thick red prisms [198®] (Pinner, 
B. 16,1649). 

ETHYL FOEMAKILEDE v. Formic acid. 

DI-ETHYI-FUMARAMIDE o. Ethylamide of 
Fomabio Acn>. 

ETHYL-FTIEFUBINE v. Fuefurinb. 

TBI-ETHYI'QALLIG ACID v. Gallic aoid. 

A-ETHYL.GLFXAEIC ACID 
CHj.CH 2 .CH(CHj.CO^)y [67®]. From malonio 
acid, propionic aldehyde, and glacial acetic acid 
at 100® (Komnenos, A, 218,167). The yield is 
very small (4 p.c. of the malonio acid). Small 
prisms. V. sol. water, alcohol, ether, or 
chloroform. 

DI.ETHYL-GLYCIDAMINE C,H,5N0 i.c. 

0 

r.Wj flTT fiff This constitution is assigned 

by BeboultBL [2] 42, 261) to the substance 
[160®] formed by the action of di etbylamine on 
epichlorhydrin. It is v. sol. water. 

Etkylo-^ehloride C^H^^NOCl 

0 

C^^H.CHj.NEtjOl. Formed from epichlor- 
hydrin and Nllt, at 100® (Reboul, Bl. [2] 42, 
261). Syrup. Moist Ag^O gives a strongly 
alk^ine syrupy base. — (C^ 2 oNOCl) 2 PtCl 4 ; 
orange needles, v. sol. water, insol. alcohol. 

STE7L-OLTCOCOLL v. Eiuyl-amido-aoetxo 


icm. 

£THYL-D^GIYCOLAXIC ACID v. Ethyl- 

mmO-DZ-AOBTIO AOZD. 

STEYL-GLTCOLLIC ACID v. Ethyl deriva- 
tint of Gltooluo acid. 

ETHTMLYOXALIKE 0 A( WN,. (210®). 
S.G. *999. Formed Iff treating tn-bro^o- 
aibyl-glyoxalioa with so^um amalgam (Wyss, 
B. 10,1373). Prepared by heating glyoxaline 
with ethyl bromide (Wallach, B. 16, 634). 
Mobile colourless fluid. Miscible with water. 

ilsthylo-iodids Bldel: [76®]; largo 
pri8ms.-(B'MeI),0dI,: \ plates. " 

Msthylo-chloridsWUeClilomedhyike 


faction of AgCI on the methylo-iodNiikw 
: [196®].-(B'Mea),2n(3,: ;tmits- 
parent solabie crystals [158®]. 

Ethylo•bromide Formed 

by heating glyoxaline with EtBr (Wyss, B. 10, 
1367). Syrup. — (B'Et01)2Pt0l4 ^aq: pearly 
plates. 

Tri - bromo - ethyl - glyoxaline C 3 Br 3 ( 03 Hft)Nj. 
[62®]. Formed by bromination of ethyl-glyox- 
aline dissolved in dilute KgSO^ (Wallach, B. 16, 
537). Formed also from silver tri-bromo- 
glyoxaline and EtI (Wyss, B. 10,1372). Colour¬ 
less crystals. Insol. cold water. 

Para-ethyl-glyoxaline 03 H,(C 2 H 5 )Nj. [77°] 
(W.); [80®] (B.); (268®) (R.). Formed by isomevio 
change from the tertiary ethyl-glyozaline by 
passing it throu^ a heated tube (Wallach, B. 
16, 643). Prepared by the action of propionic 
aldehyde-ammonia on glyoxal (Radziszewski, B, 
16, 490). Long prisms. Sol. water, alcohol, 
ether and benzene, si. sol. ligroin. Secondary 
base.—B' 2 El^Gl 2 PtCl 4 : easily soluble prisms or 
plates. Heated with propyl bromide it gives an 
cthyl-propyl-glyoxaline which is probably iden¬ 
tical with oxal-propyline (W.). 

Fara- di - ethyl - glyoxaline C 8 nj(C 2 H 5 ).Nj. 
OxaUethyl-pr<^jlm€. (220®). S.G. *9813. 
Formed by the action of ethyl bromide on ethyl- 
glyozaline (glyoxal-propyline) (Radziszewski, 
B. 16, 491). Colourless liquid with narcotic 
smell. Sol. water, alcohol, and ether. The 
double-zinc-chloride forms crystals melting at 
[17*3°]. 

ETHYL-GLYOXYLIC ACID C^H.O, i . e , 
Et.CO.COjH. (74®-78°) at 25 mm. S.G. 1*26. 

Preparation.^'PvopiotijX cyanide (6 g.) is 
mixed with HCl (2‘6 g. of S.G. 1’23) and kept for 
2 hours at 0°. More HCl (2’6 g. of S.G. 1*23) is 
added, and, after standing, the mixture is diluted 
with water and heated for 3 hours on the water- 
bath. The acid is then extracted with ether 
(L. Glaisen a. E. Moritz, C. J. 37, 693). 

Properties. — Liquid with empyreumatio 
smell. Miscible with water, alcohol, and ether. 
Sodium amalgam reduces it to a-ozy-butyrio 
acid [43°]. 

Salts.—AgA': prisms.—BaA'^aq; m. soL 

Amide Et.CO.CO.NH3. [117°]. Prepared 
from propionyl cyanide (2 g.) by mixing with 
HOI (1 g. of S.G. P23) and keeping at 0° for 2 
hours. The semi-solid product is left for a week 
over lime. The amide is then separated from 
NH 4 CI by sublimation (C. a. M.). It may be 
a'ystallised from ether. 

P henyl-hy dr azide Et.G(N 3 HPh).C 03 H 
[162®]. Obtained by hydrolysis of the product 
of the action of diazobenzene chloride on ethyl- 
aceto-ocetie ether (Japp a. Klingemann, O.J. 63, 

I 619). Yellow silky needles, decomposed on melt¬ 
ing. Reduced by sodium amalgam to benzene- 
a-hydrazo-butyrio aoid Ph.NH.NH.CHEt.OO 3 H. 

ETHYL-DIGDAHIDB C 4 Hi,N, i.e. C^EtN*. 

Formatum^By heating di-oyan-ai-amide 
(5 pts.) with CaS 646 aq (7 pts.), ethylamine ( 8 ' 
pts.), and water (32 pts.) for some hours at 100® 
there is formed the salt ( 04 H„N 4 ), 0 uSO 4 aq, 
whence ELS removes the copper, and the re¬ 
sulting (C^|,N|)^S 04 is then decomposed bj 
baryta (Emion, m. 4, 896). 

Prsparafiofi**^An aloohoUo solution oi at* 



ETHtL-HYDRAZINE. 


flvaodismMe if heated with ethylamine hydro* 
^^ride in a eealed tube for several noura 
(8m<||ca a. Friedreich, M. 9,229). 

‘Prapert/ics .—Deliqueacent crystalline mass, 
T. Bol. water and alcohol, inaol. ether. 

Salts.—B"H01: six-aided tables, v. e. sol. 
water, insol. alcohol and ether.—B"H 2 Cl 2 .— 
B^jHjSO^l^aq: small trimctric crystals, a.b:c 
a 1’04:1:1*36 j v. sol. water, insol. alcohol. 
[180®], when anhydrous.—lUq. S. 4 
in the cold.—B"aCuSO^ aq; minute rose-eoloured 
needles (from cojd aqueous solutions). — 
B'jCuSOi: crimson crystalline grains (from hot 
solutions). S. *0214 in the cold.—B'^jHiSO^Jcaq.— 
Ca(C 4 H,oN 5 ) 2 : fromB" 8 CuS 04 by cautious treat¬ 
ment with aqueous NaOH. Bod needles, si. sol. 
cold water.—Ni(C 4 H,aN,) 2 : obtained by boiling 
Ni(OH), with ethyl-diguanido. — Picrates 
B"C«H 4 N 02 ) 30 H and B" 2 C,H,(N 02 ) 30 H may be 
crystallised from hot water. 

tt-DI.ETHYL.GUANIDINE 
NH:C(NEt 2 )(NH 2 ). From cyanamide and di¬ 
ethyl-amine hydrochloride (Erlenmoyor, B. 14, ; 
18G9). Monoclinic crystals, a:6:c = •925:l:l‘4r)2. 
A = 74® 35'—B'HCl: monoclinic prisms; o:6:c 
-'960:1: *749; i8 = 63®59'.-B',n,>PtCl8: orange 
triclinic tables; a:6:c=-*789:1: *564; a = 90° 21'; 
3 * 92® 60'; y = 82® 9' (Haushofor, J. 1881, 330; ' 
1882, 3C4; /?. K. 6, 130; 7, 267). 

s-Tri-ethyl-guanidme NEt:C(NHEt) 2 . Formed 
by boiling an alcoholic solution of di-ethyl-thio¬ 
urea with ethylamine and HgO (Hofmann, B. 
2, 601). Strongly alkaline liquid; absorbs CO.^ 
from the air.—B'^HaPtCl#: crystalline plates, v. 
sol. water. 

ETHYL - n - HEPTYL - OXIPE Et.O.C,H,j. 
(166*6®). S.G. 5 *7949. S.V. 220*8. O.E. (0°-10°) 
■001 (Dobriner, A. 243,6; Cross, A. 180, 6). 

Ethyl heptyl oxide Et.O.C,H,s. (177°). S.G. 
M-791. V.D. 6*10 (calc. 4*99). From EtI and 
the sodium heptylate from castor oil (Wills, 
C. J. 6<*812 5 Petersen, A. 118, 76). 
ETHYL-HEXYL-GLYOXALINE 
OxaUthyl-amanthyline. (271°). S.G. -- 
•921. From heiyl-glyoxaline and EtI (Karez, 
M. 8, 222). Oil.—B'jHjPtCl*: yellow soluble 
plates. 

ETHYL HEXYL OXIDE CH,Et.OnEt.OEt. 
(132®). S.O,fi *787. From di-chlorinated ether 
and ZnEt,* (Lieben, A. 178, 14). With HI it 
gives Ktl and secondary hexyl iodide. 
ETHYL-HYDAHTOlN O^H^NsOa i-e. 

heating ethyl-glj- 

ooooU with urea at 125® (Heintz, A. 133, 65). 
Tables, melting below 100®. V. e. sol. water and 
alcohol. May be sublimed. « 

ETHYl-HYDEAZINE C2H,N,t.a# 
C,Hj.NH.NH,. (99-6« at 709 mm.). Prepared 
from e-di-ethyl-urea KB!Et.GO.NHEt, which is 
treated with nitrous acid and the resulting ni- 
trosamine NHBt.CO.NEt.NO then reduced by 
aino-dust and acetic acid to NH^.CO.NEt.NH 3 , 
whence hoi oono. HCl forms NHsEt, COj. and 
NHEt.NH,. Bthyl-hydrazine hydrochloride 
being leu soluble than ethylsQ^tne hydrochloride 
may be separated from it by crystallisation 
(Fischer, A. 199,281; B. 9, 111). 

PropertiM.—Ooloorless mobOe liquid of faint 
unmomaoal odoor; very hygroscopic; eol. 


water, alcohol, ether, and lAnzene, sK sol. eonq. 
EOHAq. It attacks cork and caoutchouc. It 
fumes in moist air. It gives the carbamine re* 
action with chloroform and alcoholio potash. 
Bromine decomposes it, giving oS nitrogen. It 
pj»ts. metallic oxides from their salts. 

Beaciioiis. —1. Beduces Fehling's solution in 
the cold.—2. Beduces‘AgaO.—3. Beduces HgO , 
forming Hg£t 3 .—4. Beactswith aldehydes'f.iih 
considerable evolution of heat, forming ethyl- 
hydrazides B.CHrNjHEt.—5. Decomposed by 
nitrous acid gas.—t. Its hydrochloride reacts 
when heated with potassium cyanaU in aqueous 
solution with production of ethyl semi-carbazide ’ 
NH 2 .CO.NH.NHEt, which forms very soluble 
leaflets [105°].—7. fts hydrochloride reaots on 
phenyl cyanate in dilute ethereal solution, giving 
rise to leaflets of phenyl-cthyl-semi-carbazide 
NIiPh.CO.NH.NHEt [111°]; v. sol. alcohol, sL 
sol. hot water, decomposed by dilute acids into 
di-phenyl-ufba CO 2 , and ethyl-hydrazine.— 

8 , Phenyl thio-carbimidc gives phenyl ethyl thio- 
semi-carbazide NHPh.CS.NH.NHEt [109°], 
which crystallises in white leaflets; si. sol. 
ether, v. sol. alcohol.—9. Oxalic ether gives 
grouped needles of C 202 (NH.NHRt), [204®], of 
which the nitroaamine C 202 (N(N 0 ).N(N 0 )Et)j 
[114°] crystallises in prisms and gives Liebev- 
mann’s reaction.—10. Picryl chloride gives 
NHEt.NH.C,H 2 (N 02 ), [ 200 °], which forms yel¬ 
lowish-red needles; si. sol. alcohol, sol. hot 
benzene, and explode on heating. 

Salts.—B"II.Cl 3 : needles, v. e. sol. water 
and alcohol, but’ the solutions on evaporation 
leave B"HC1 as a colourless deliquescent mass. 
The sulphate forms readily soluble leaflets, the 
oxala te is a cryStalline pp. sol. hot alcohol. * 

tt-Di-ethyl-hydrazine CiHjoNi NEt 2 .NH 2 . 
( 0 . 98°). Formed, together with NH, and NEtjH, 
by reduction of di-ethyl-nitrosamine NEtj-NO 
with zinc and glacial HOAo. The bases are con¬ 
verted into hydrochlorides and, on evaporation, 
NH 4 CI crystallises first. The filtrate is treated 
with potassium cyanate and qvaporatedj when 
di-ethyl scmicarbazide NH,.CO.NH.NEt 2 sepa¬ 
rates ; and this is decomposed by heating with 
cono. HCl for 12 hours at 100° (Fischer, A. 199, 
308). 

Properties. —Colourless, mobile liquid, of 
faint ammoniaoal odour, sol. water, alcohol, and 
ether; nearly insol. cone. KOHAq. 

Reactions. —1. Reduces hot, but not cold, 
Fehling’s solution, being for the most part con¬ 
verted into diethylemine and nitrogen.—2. Mer~ 
curie oxide converts it in the cold into tetra- 
ethyl-tetrazone Et 2 N.N:N.NEt 2 , a non-vola¬ 
tile oil, sol. alcohol, which is decomposed by 
heat, is volatile with steam, and reduces ammo- 
niacal AgNOg, forming a mirror. Dilute HCl at 
80® splits up tetra-ethyl-tetrazone into aldehyde, 
NEt^ NEtH, and nitrogen. The tetrazone 
forms a platinochloride Bt 4 N 4 H 2 Pt 01 g, and gives 
with mercuric chloride a crystalline pp. 
EtjigHgCl*.— 3 . Niinfua acid forms NjO and 
diethylamine (or diethyl nitrosamine).—4. Its 
hydrochloride is converted by potassium oy^de 
into tt-di-ethyl semicarbazide £t 3 N.NH.CO<NB[g, 

, which forma long prisms [149°], sol. hot water 
and alcohol, insol. cono. EOHAq. It forms a 
eryittalline nitrosamine Bt|N.N{NO).COJ^H*. 

Salts.—The hydroohloiide, 8 alphat«» 



ud nitrite are ex«edingly sol. water and 
oohol. The piorate and platinoohlonda 
form golden needles. 

Ethylo-iodidi Needles, T. 

sol. water and hot alcohol, Insol. eono. EOJJAq 
and ether. Moist Ag,0 forms a strongly nlkaline 
hydroxide which is decomposed at a higJior tf'iii- 
perature into water, ethyienc, and di*ethyl-hy- 
drazino. It may be reduced by zino and H^SOi 
to tri-ethylamine. 

ETHYL-HTDKAZINB SULPHONIC ACID 
EtN^SOaH. 

Salt—KA'. Prepared by heating K-S.-O, 
with ethyl-hydrazine at 90"; the mass obtained 
being warmed with aqueous KHCOg and eva¬ 
porated below 70® (Fischer, M 190,300). Leatlets. 
sol. water, si. sol. alcohol. On boiling with 
strong acids it is decomposed into ethyl-hydra¬ 
zine and KHSO4. When its aqueous solution is 
treated with HgO, even in the cold, it yields 
potassium diazo-ethano sulphonate EtN.^SOjK 
in the form of glittering needles or leaflets, sol. 
alcohol. Diazo-ethane sulphonate explodes vio¬ 
lently when heated; it may bo reduced by zinc- 
dust and acetic acid to the parent ethyl-hydra- 
sine sulphonate. 

STHTL-HYDBOCABBOSTYBIIiti. Oxi-ETintL- 
QOINOLINS MHTDRIDE. 

ETHYi-HYDEOXYLAMINE v, IIvdboxyl- 

****ShYL HYPOCHLOEITE OaHjOCl. (36®). 

Preparation.—Chlorine is passed through a 
cold solution of NaOH (1 pt.) in alcohol (1 pt.) 


Aoriomt.iLOiMDras. 

ETBmiDBNE-IlI-AOSIOinirB V, Afixtrh 

NINBS. 

EIHTIIBENS IIDXHYBATE v. Acbial. 
ETHYlIBENE-m-AMIDO-BENZOIO ACID 

CANO, <•«. CH..CH!N.C.H.-C 0 A 

by mixing dilute aqueous aolutiona of m-amido- 
benzoio aoid and aldehyde (Schiff, A. 210,117). 
Amorphous mass, v. e. sol. alcohol and benzene; 
molts ubdet boiling water. Long boiling with 
water decomposes it, CO, and ethylidene-anilino 
being among the products. Cone. HNO, con¬ 
taining KjCrjO, gives a transient violet oolour. 

ETHYtlDEHE-DIAMINE. Semoylderi- 
vative C,,H„N,0, i.«. CH,.CH(NHBz)r [204'’] 
(H. a. S.)! [188°] (N.). S. (alcohol) 1-24 at 22°. 

Formation.—1. From aldehyde-ammonia and 
BzCl (Limprioht, A. !)9, ll<J).-^2. By dissolving 
beuzamide in aldehyde to which a few drops of 
HCl havo been added; the reaction being at¬ 
tended with rise of toinporature (Nenoki, B. 7, 
158). — 3. By gradually adding benzonitrile 
I (2 inols.) to well-cooled cone. H-BO, containing 
I paraldehyde (1 mol.), leaving the liquid to itself 

. ; .1 \ .1__t... 


ttiuoiljuo ---- 

for a few hours, and then ppg. the product by 
water (Hepp. a. Spiess, B. 9,1424). 

Properties .—Long needles (from alcohol), v. 
sol. CHClj, CS., ethor, and hot alcohol, nearly 
insol. water. May be snblimod. 

Beaclions.—l. With water at 130° it gives 
. j t *• < H.nti IS t in ninnhni (1 nt 1 I aldehyde and benzamido.—2. Boiled with diluto 

SlSrw:™4 -Vonga“l^^^ Bives aldehyde, NH., and 

are absorbed. The ether rises as an oil to the oenzoio acio. 


»U5WlUOU. V.., v,— -- 

sifHaoe and is washed and dried over CaCl, 
(Sandmeyer, B. 18,1767; 10,857). 

Properties .—Yellow mobile liquid with very 
irritating smell. It may be distilled. It is very 
unstable. On superheating its vapour in a tube 
it explodes violently. The explosion is also | 


Tri-ethylidene-diamine «. Aldehthe, Com,- 
bination 4, vol. i. p. 104. , 

ETHYLIDENE-ANILINE CAN^CH-CH, (?). 
AkUhsjde-anilide. From ethylidene chloride and 
aniline at 160° (Schiff, B. 3, 416). 

Preparation .—A mixture of aniline and al- 


it explodee violently. The explosion is also , _i8o_ then left to itself for 

brought about in the cold by contact with pre -1 ^t 16°, and finally heated to 100°. 

cipita^ oo^r. Exposed to diffused icy', g^ , hie is removed from the product by dilute 
it begins to deooippose after a few hours boiling the ethylidone-anUine is separated 

violently i i from ethylidene-di-aniline by alcohol, In which 

it readily dissolves (Schifl, A. 140, 127; 210, 
114). Redte8in.-B',HgCl,-B',H,PtCl,: orange 
crystalline pp. 

Ethylidene • di - aniline (C A-NH),CH.CH,. 
Prepared as above. Yellow nodules.*— 
B'AC1AC1,. -B'A™'.: crystalline 

pp. 

ETHYIIDENE-BICEEI OAN.Oj 
NH<qq™>CH.CH,. Trigmic acid. Mol.w. 

129. Formed by passing oyanio aoid into cold 
aldehyde (Liebig a^WOhlor, A. 59,296). Small 
prisms (frqm water). SI. sol. water, almost 
insol. alcohol. Aoid to tost papers. Decom¬ 
posed on dry distillation with formation of am- 
monia, ammonium carbamate, and an oil, which 
is in all probability a tri-methyl-pyridine, iden¬ 
tical with thakobtained by Baeyer and Ador (A. 
166,294). Wien heated with Mel and alcohol 
it yields ammOhia and methylamlne. With 
NaOBr it ovolvee only traces of nitrogen. On 
oxidation with HNO, it is converted into cyan, 
urio aoid and oarbonio anhydride, a reaction 
which points to the above formula (Herzig, M. 
1,898).—AgA': palvemlent pp. Kd. hot watst. 


begins m • few minutes and ends with an expio 
aion. It mixes without reaction with ether, 
chloroform, and benzene. Dpon aniline, phenol, 
&o.,it aota like Cion, oxidising and chlorinating. 
With HCl, HBr, and HI it at once yields the 
■ halogens with liberation of alcohol. 

' ETHYL HYPOPHOBPHATE Et,P,0.. S.G. 
W 1-117. Fro* Ag.P,0, and EtI in tlio cold 
(Singer, A, 282, 8). Thick colourless liquid. 
Heated alone it is decomposed into ethyl phos¬ 
phate and ethjl phosphite. It is saponified by 
mter.-EtCaHP.0.6aq. Neeles. 

ETHTUDEHE. The divalent radicle 
CH,.CH. Unlike its isomeride ethylene, it is 
not known in the free state. By heating ethyl- 
idenc chloride with sodium at 190° ToUens (A. 
187,81H obtainid othyleno, acetylene, ethane, 

and OJEud. ^ 

jiffhjIlEHE D1A8ETATE v. Di-acetyl 
dtrivatiet of Orlto-AU>*atD*, vol. i. p. 106. 
SmDEHE DI.ACBTIC ACID ». Mkihyl- 

OLUTIBIC ACID. . 

ETHYUDEHE-AOETO-AOEnO ETHEE is 

dofctibod under Aoaio-M wno ac ip._ 

,BIHYlin)BHE.DD(ACErCNAIIIHE «, Ara- 

voiiaKnm, 
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StBniDSjtX BBOKISE 0,H;Br, ijt. 
OHj.OHBi,. u-Di-iromo-etham. (113°). S.G. 
S? 2-089 (A.) i H a-1029; || 2-0861 (Perkin, 
d. J. 46,628); “(f 2-066 (Weegmann, Z. P. 0. 2, 
218). (Id l-6ia8 fW.). M.M. 9-1. 

FormaUon, —1. By broiuinating ethyl bromide 
in sunlight (Staodel, B, 11, 1741).—2. From 
Tinyl bromide and HBr (Beboul, C,R. 70,899). 

Preparation.—From PClsBr^ and aldehyde 
in the cold (Fatemb a. Fisati, O. 1, <196; An> 
schiitz, A. 285,801). 

Reactions. —1. Benzene and Al^Clu form 
ethyl-benzene, u«di>phenyl-ethane, and d>(A)- 
di-methyl-anthraceno di-hydride.—2. Alcoholic 
KOAo at 130° gives aldehyde, EtOAo, and acetal 
(Tavildarofl, A. 176,12).—3. Alcoholic KHS has 
no action (difference from ethylono bromide).— 
4. Ammonia at 130° forma tri-methyl-pyridine 
(collidine).—6. Water and PbO at 130° give al* 
dehyde.—6. SbCl, forms exclusively CHs.CHCl, 
(Henry. C. R. 97,1491). 

ETHYLIDENE BEOMO-IOBIDE Bbomo- 

lOnO-ETHANE. 

ETHYLIDENE-DI-CAEBAMICACID. Ethyl 
ether CHa.CH(NH.CO^t),. 

Ethylidene-urethane. [126°]. Formed by the 
action of aldehyde or acetal on oarbamic ether 
in presence of HCl (Nencki, B. 7,160 ; Bischoff, 
P.7,629). Formed also from aldehyde-ammonia 
and chloro-formio ether in the cold (Schmid, 
J. pr. [2] 24,124). Satiny needles; v. sol. ether, 
alcohol, and hot water. Split up by hot dilute 
acids into aldehyde and carbamio ether. 

Propyl ether CHs.CH(NH.C020gH7)2. 
[116°]. From propyl carbamate, aldehyde, and 
a little HCl (Bischoff. B. 7, 1082). 

ETHYI.IDENE CHLORHYDRIN v.w-Chloro- 


BTHYli ALOOHOIi. 

ETHYLIDENE CHLORIDE CjH.Clj i.c. 
CHg.CHCL. Mol. w. 99. (601°) (Thorpe, C. J. 
37,188); (56*8°) at 749 mm. (Sohill); (57-3°) 
(Perkin, C. J. 45. 529); (67*5°) (Bruhl). V.D. 
3-43 (for 3-42) (8.). S.G. J 1-2039 (T.) ; 11896 

(Sohia, A. 220, 90); 1 1845; p 1-1712 (P.); 

1-1743 (Bi-iihl, A. 203,11); 1-1750 (Weegmann, 
t P.C.% 218). C.E.(0°-10°)-001304; (0°-50°j 
-0013982 (Thorpe); (9-8 to 50-7) -001438 (Schiff). 
S.V. 88-90 (Thorpe) -, 88-60 (Schifl); 89-5 (Ram¬ 
say). MtM. 6-335 St 14-4°. 1-4168 (W.). 

M.-1-4223. B* = Si'lO (B-)- H.F.p. 84,230 
(2'A.). H.F.V. 33,070 (Th.). Critical tem¬ 
perature 256° (Paulewsky, B. 16, 2633). By¬ 
product in manufacture of chloral (Kramer, B. 
8, 257). 

Parmatim.—l. By chlorinating ethyl chloride 
in daylight (Eegnault, A. Gh. [2] 71, 366), or in 
presence of heated animal dharcoal (Damoisoan, 
Bl. [2] 27, 113).—2. By heating aldehyde with 
PCI, (Wurtz a. Frapolli, 0. B. 47,418; A. 108, 
223; Beiletoin, A. 113, 110; Geuther, A. 105, 
821). The PCI, ie at first kept oool, and the al¬ 
dehyde added slowly. . ... 

iVpp«rfMS.—ColourIe88oiI,riBembling chloro¬ 
form in taste and odour. . 

BeactUm.—l. Akoholio potash aaa no action 
in the cold, though vinyl ohloride is formed on 
heating.—3. Aqueous Na-SO, at 140° gives 
OH,.OH01.SO,Na (Kind, Z. P3 
aqueous K,80, gives OH,.CH(SO,K), and 
0ll,.OH(OH)8O,K (Btaedel, Z. p] 4 . 373).—8. 

7oh. n. 


Sodium at 190° gives hydrogen, acetylene, ethyl¬ 
ene, ethane, and vinyl chloride (ToUens, A. 187, 
311).—4. Chlorine gives OH,Cl.CHCl, and 
CH|.CCI, (Staedel, B. 6,1403).—6. Bromine in 
sunlight forms CH,.CBtCI, (99°), CH,Br.CBrOL 
<177°), and CHBr,.CBrCl, (217°) (Staedel, B. 11, 
1789).—6. Toluene »nd A1,C1, give p-ethyl- 
toluene, tt.p.di-tolyl-ethane, and s-tetra-methyl- 
anthracene dihydride (Anschiitz, A. 235,314). 
f»-Xylene, and AljCl, give (1,3,4)-ethyl-m-xylene 
and u-di-xylyi-etbane. 

ETHTIilOENE CHIOBO - BROHISE •. 

CHLORO-BBOMO-ETHiHE. 

EIHYLIDEHE OHWBO-IODIDE o. Chlobo- 


lOPo-E inaK B. , 

ETHYIilBENE^AKFBAHlCE ia described 
nnder Cyanuramide v. Ctanio son). 

ETH^DENE-ETHENTI, CABBOXTUC 
ACID V. Butvuene oiBBexmio xcm. 

etht^bbei: di-etsyl dioxide is 

Acetal (a .«.). 

ETHYLIDENE - DI - ETHYL -DI -SDLPHONE 
CH,CH(SO,Et),. [76°-78°l. Prepared by treat¬ 
ing CH,.C(SEt) 3 .CO,H (obtained from pyruvio 
acid and mercaptan) with KMnO, (Escalea a. 
Baumann, B. 19, 2814). Plates; si. sol. water, 
m. sol. alcohol and ether. Evolves hydrogen 
when sodium is added to its solution in diy etW 
or benzene, the resulting salt is too unstable to 
purify (E. Fromm, B. 21,187). Its bromo- deri¬ 
vative CH,.CBr(SO.,Et), [115°] ejystailises in 
small sparingly soluble prisms which are recon¬ 
verted by boiling KOHAq into the original 
CH..CH(SO.,Et)r 

ETHttIDENE IODIDE CH,.CHIr (0.17.?°). 
S.G. a 2-84. 

Formation.—1. From ethylidene chloride and 
AM, in CS, (Gustavson, B. 7, 731).—2. From 
CH,CHC1, kd Cal, 3Jaq at 100° (Spindler, A. 
2.H, 267).—3. From acetylene and HI (Berthelot, 
A. 132,122). 

Properties. —Liquid. Converted by alcoholio 
KOH into vinyl iodide. 

ETHYLIDENE-LACTAMIO ACID v. o-Imido. 


M-PROPIONIC ACID. 

ETHYLIDENE-LACTIC ACID v. Lactio ioro. 

ETHYLIDENE-MALONIC ACID 
CH,.CH:C(CO.,H),. Ethyl etherEt^". (116»- 
118°) at 17mm. S.G. T-0435. Frommalonio 
ether (1 mol.), aldehyde (2 mols.), and Ao,0 (14, 
mols.) at 100° (Komnenos, A. 2i8,167). (The 
yield ie 64 p.o. of the maloni# ether.) Liquid, 
smelling something like camphog. Aqueous 
baryta forms various gaits, inoluding an easily 
soluble one, which is possibly a salt of OEetlwl- 
malonio aoid, CH 3 .CH(OH).CH(CO,H),. EPH 
and dilute alcohol gives fi-methylglutane aoid. 

Ethylidene-di-malonio ether 
CH,.OH(CH(C 03 Et),) 3 . (209°-212°) at 20 mm. 
A by*pToduot in the preparation of ethylidene* 
malonio ether. (The yield ia 8 p.o. of the ma- 
lonio ether -, Komnenos, A. 218,168.) It is formed 
by the action of ethjlidene-malonio ether upon 
malonio ether: CH,.CH:C(CO.Et), -s CH,100,Et)j 
- OH,.CH(CH(CO,Et),),i Dilute alcoholio KOH 
oonverts it into j 9 -methyl-glutario aoid. 

EIHYLIDENE-MKI.AMINE described ondei 
Ethylidene-cyanuramide if* Cvahxo aoxdb. 

eteylidene-hetHyl-kxiolb V. ■. Dy. 

KBiHUi-wHxwnisE-w-nroowii. 

X X 



408 ETIIYLIDENE-Dl<|S)-NAPHTHyL^XIDE. 


ETHTlIDEira.DI - (P) - HAPHTHtl-OXIDE 

CH,.0H<[Q'"gp>0. Anhydridt of di-oxy-di- 

napMhyl-etltane. [173°]. Crystalline solid. 
Insol. alkalis. Formed by heating a solntion 
of (3)-napbthoi and aldehyde in acetio acid with 
HCl or or by the same treatment ol tbe 

previously formed m-(13)-naphthyl orthaldehyde 
CH,.CH(0.0, ja,). (Olaisen, B. 19,3818; A. 237, 
270; of. vol. i. p. lOBJ. 

ETHYLIDENE-DIOXAKIDE C,H,.N,0, i.e. 
(NHj.CO.CO.NH),CH.CH,. A pulverulent pp. 
formed when cyanogen is passed into crude aide, 
hyde (Berthelot a. Pdan de St. Gilles, A. 128, 
338; cf. Sohiff, A. 161, 211). , 

ETHTtIDEHE OXX - CmOEIDE v. Di- 
CHLOB O-M-n iHVL onsx. 

ETHYEIDENE-DI-PHENOl v. Bi-oxy-oi- 
rEKHTn-ETHAKIi. 

ETHTLIBEHE-HETAPXEAZOLOSE v. Di- 

OXI-KTHTLIDENK-VVBaZOU!. 

XTHYI.IDENE SULPHIDE «. Tmo-Acario 


ALDEHTOI. 

Di.ethylidene.tetra.snlphide 
CH,.OH<J'g^CH.CH,. Formed by oiidation 

of thialdine by adding to the solution strongly 
acidified with HCl a weak solution of iodine in 
KL Amorphous pp. (Fasbonder, B. 20, 463). 

ETHYLIDENE-THIO-DBEA C.H,NjS i.e. 
OS<^^]>CHMc. From aldehyde and thio¬ 
urea at 100° (Emerson Eeynolds, C. N. 24,87). 
Granules, insol. cold water, m. sol. hot alcohol, 
sL sol. ether. Boiling water splits it up into 
aldehyde and thio-nrea. 

Dl-ethyUdene-thio-urea. Ammonia com¬ 
pound (CH,.CH)jNjCSNH,. [180°). Formed 
by heating a moderately concentrated solution 
ol thio-nrea with aldehyde-ammonia (NonckI, 
£.7,168). Needles; si. sol. boiling water, insol. 
cold alcohol and ether. Its aqueous solution, 
which is intensely bitter, is resolved by prolonged' 
boiling, or more quickly in presence of acids, 
into aldehyde, thio-nrea, and NHj. 

BTHYLIDENE-TOLDIDIHE 
OH,.CH:N.G,H,Me ? Aldehyde-toluide. Yellow 
nodules, formed by treating toluidine with alde¬ 
hyde. Its salts are resinous (Schifi, Z, 1865, 
400). 


BTHYLEDEHEjUEEA C,H,N,0 i.e. 
00<^|J^CH.CH,. [164°]. Formed by the a 

tion of an slooholic solution of aldehyde on urea 
in the cold (Sohifl, A. 161,204). Small needles; 
v.sLsol. water and ether, si. sol. alcohol. De¬ 
composed by heat into NH„ melanurenio acid, 
ando»y-trialdineC^„NO. Eapidly decomposed 
by pure HNO, with evolution of CO, and N.,0 in 
equal volumes, together with a little nitrogen 
(ftmohimont, £. T. 0. 8, 221). 

ETHTLIDEire UEETH^ Vo EXBXLIDENKe 

* DX-C&BBAHXO ACID. ' 

STH7L-I]ai>0-*bI-A(^TI0 ACID C^i|N04 
id. NEtjCH^OO,H)y Ethyldugl^colUmkwid. 
From ethylamine and dhloro-aoetio acid (Heintz, 
A. 182, 1; 145, 229). Short trimetrio prisms, 

toL water, iL loi. alcohol.—CuA^ J minute 
bhe dlmetete tables, iH. sol. water. 

mhtf> 9 th 6 r (•.210®). oa. 


ETEYLXl[lI}O.Dl.FH£irYl.SirX STrLFEOia 

S(OgH 4 ) 3 NEt. Eth/yl4hio-diphmylamine. [102®]. 
From imido-diphenyiene sulphide and EtBr 
(Bemthsen, A. 280,93). Prisms. FeOli colours 
its alcoholic solution pale brown. 

TBI-ETHYLIH v. Tri-^thyl dmvaiiv4 of 
Glxcebin. 


ETHYL-INDAZINE is. 

vOHv 

I Formed by heating indue* 


ine with £tl for four hours at 100®, saturating 
with NaOH, and extracting with ether (Fischer 
a. Tafol, A, 227, 303). Brown liquid, smelling 
like indazine; more sol. water than indazine. 
Is a tertiary base.— 

Bromo>ethyl-i}'-indazine [48®]. 

Obtained as a sublimate by heating bromo* 
ethyl-«|f*mdazine carboxylic acid, OOj being 
evolved (F. a. T.). V. si. sol. water, v. sol. alco¬ 
hol, ether, and chloroform. It shows no basic 
properties. 

ETHYL^-INBAZYL-ACETIC ACID 
C„H.,N,0, i.e. 5:IJ)>N. [131°]. 


Formed by atmospheric oxidation of ethyl-hy- 
drazido-cinnamic acid which is obtained from 
the nitrosamine of ethyl-o-amido-cinnamic acid 
N 0 .NEt. 05 H 4 .CH:CH.C 0 oH by reduction with 
zinc-dust and acetic acid (Fischer a. Kuzel, B. 16, 
654; Fischer a. Tafel, A. 227, 303). Colourless 
plates, sol. alcohol, ether, and aqueous alkalis, 
si. sol. water. At 100® it splits off COj, forming 
mothyl-ethyl-^-indazine. It forms salts both 
with acids and with bases. It dod| not reduce 
Fehling’s solution or HgO. 

Bromo-ethyl-4'-iudazyl-acetie acid 
CijHiiNjOaBr. [173°]. Formed from the pre¬ 
ceding by treatment with Br (65 pts.) in 
IIOAc (Fischer a. Kuzel, A. 221, 288). Ne^es, 
grouped in fans, v. sol. alcohol and ether, almost 
insol. water. Oxidation with KjCrjO- and HjSOg 
forms bromo-ethyl-))'-indazin6 carboxylic alde¬ 
hyde CjjHjN-PBr [88®] and, by further oxida¬ 
tion, bromo-ethyl-i|f-indazin6 carboxylic acid 
C.JBjNjOjBr [210®], which crystallises in needles 
(from MeOH). 

Di-bromo-ethyl-tfr-indasyl-acetic acid 
C„H„BrjN,0,. [196®]. From the acM (1 pt.) 
and Br (1*7 pts.) in HOAc (6 pts.) in the cold. 
Stellate groups of needles; almost insol. water, 
si. sol. alcohol, ether, and chloroform. Be-con- 
vorted into the parent acid by sodium amalgam. 

Ai-ETHYL-INDIGO C^„0A »-«• 
C„n,:0,0^jEt2:C.Hj. Prepared by reducing the 
di-ethyl-derivative pf pseudo-isatin-s-oxim 

C.iH,<^^gj^<!(NOBt) with alcoholic ammo. 


nium aulphide, and then passing a stream of 00. 
through the solution fflaeyer, £.16,2201). Bine 
felted needles. V. sol. aloohol, forming a deep- 
blue solution, tha, spectrum of which closely re¬ 
sembles that or indigo. In ether, acetone, 
cUoroform, CS„ and aniline it is less soluble. 
It sublimes as a purple vapour, oondensing to 
bine prisms. It dissolves in strong HjSO, with 
a greenish-blue oolour, and on beating u snlpho- 
nated. With zino-dust and alkalis it is re¬ 
duced, and the solution then dyes like indigo. On 
oxidation it gives etbyl-pseuda-isatin. By weak 
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radnotion the di-ethyl-derivative o( pseudo-isatin- 
«.oxim is formed. 

ITHTl-INDOlB 0„H„N U. 


(about 247°). Obtained bj 


beating at 185®-190® the carboxylio acid [183®] 
which is formed by the action of HCl on phenyl* 
ethyl-hydrazine-pytuvio acid (Fischer a. Hess, 
B. 17,666). Liquid. The HCl solution gives a 
violet colour to a pine-wood shaving. By a cold 
alkaline solution of chlorine, followed by hot alco¬ 
holic NaOH, it is converted into ethyl-psoudo- 
isatin. The picrate forms red needles. 


Ethyl-indole ? 




(283® 


cor.). Formed by heating aniline (30 g.) with 
ZdGI, (50 g.), lactic acid (35 g.), and sand to pre¬ 
vent frothing (Pictet a. Duparo, B. 20,3415). Yel¬ 
low oil without basic character, v. si. sol. water, 
V. sol. alcohol, ether, benzene, and CHCl,. May 
be distilled with steam. Colours pinewood 
moistened with HCl rod. Bromine added to its 
solution in chloroform gives an intense violet 
colour. The picrate melts at [143®]. 


ETHYL-INDOLE-CAEBOXYLIC ACID 


/C^COH 

C„H„NO, ♦.«. C,h/ ^CH [183®]. Formed 
^n/CsH, 

by the action of hot aqueous HCl on phenyl- 
ethyl-hydrazine-pyruvio acid (for theory of re¬ 
action V . under Indole derivatives) (Fischer a. 
Hess, B. 17, 665). Colourless needles. V. sol. 
alcohol, ether, benzene, and chloroform, less 
sol. water. Heated to its melting-point for some 
lime it loses'COj, giving ethyl-indole. A cold 
alkaline solution of chlorine, followed by alco¬ 
holic NaOH, converts it into ethyl-pseudo-isatin. 


ETHYL-INDOXYL v. Indoxvl. 


ETHYt-INDOXYLIC ACID v. Indoxvlio Aom. 

£XHTIr-DI-IODAUIN£ v. Etuvlahine. 

ETHYL IODIDE C.HJ. Mol. w. 166. (72®) 
(Schifl); (72-4®) (Perkin, C. J. 45, 460). S.G. if 
1-9433; n 1-9243 (P.); ? 1-9795 (Dobriner, A. 
243,24). C.E. (0°-10°)-00116 (D.). S.V. 86-12 
(S.); 85-6 (D.). V.D. 6-48 (calc. 6-41). M.M. 
10-075 at 18-1^ (P.). H.F.p. 5,060 (Iodine solid); 
11,090 (I caseous) {Th.) ; 7,000 (1 gaseous, £tl 
gaseous) (Iberthelot); 12,700 (Isolid,EtI liquid) 
(B.). H V.v. 4,790 (I solid); 9,930 (1 gaseous) 
{Th.). Formed by distilling alcohol with HI 
containing free I, or by the action of P and I on 
alcohol (Gay-Lussac, A. Ch. 91, 89; SeruUfts, 
A. Ch. [2] 26, 323; 42, 119 ; Marchand, J. pr. 
33,186; Frankland, C. J. 2,263; 8, 322; Laute- 
manu, A. 113, 241; Hofma^tn, C. J. 13, 69; De 
Vrij, J. Ph. [3] 31,169; Patorno, G. 4,149; H. 
Schiff, B. 7, 692; Porsonne, 0. B. 62,468). The 
rate at which HI etherifios alcohol has been 
studied by Villiers (C. 90,1663; 91,62). 

Preparation. —1. Amorphous phosphorus 
(10 pts.), alcohol (50 pts. of 90 |s.o.), and iodine 
(100 pts.), are mixed and left to themselves for 
24 hours; the mixture is then* distilled (Bieth a. 
Beilstein, A. 126,250).—2. An alcoholic solution 
of iodine is slowly mn into a retort containing 
alcohol and clear phosphorus (Hofmann). 

Properties. —Colourless liquid. Not very in¬ 
flammable. When not quite pure it turns brown 
^blight ^0| liberates iodine. Aqueous 


KOH has little action. When a soluble salt ol 
silver is added to an aloohoiio solution of EtI 
silver iodide is ppd. 

Reactions. —1. Passage through a red.hot 
tube gives hydrogen, ethylene, and ethylene 
Iodide (E. Kopp, J. Pharm. [3] 6,109).—2, Mar- 
cu^ forms EtHgl.—*8. Heating with ZnEt, in 
ethereal solution at 170® gives butane, together 
with a little ethylene and ethane (Brodie, C. J. 3, 
405).—4. Sodium ethide gives ethylene and ethane 
in the cold.— 6. Tin at 180® gives SnEtJ- 
(Frankland, 0. J. 6, 67).—6. Silver powder ui 
120® gives butane (Wislicenus, Z. [2] 4, 681).— 
7. By heating in scaled tubes with excess of sine 
there is formed ziifc ethide; when excess of EtI 
is used the product is butane.—8. The copper 
sine couple at 100® forms IZnEt. In presence 
of water or alcohol ethane is evolved (Gladstone 
a. Tribe, C. J. 26, 416).—9. Alcoholio ammonia 
forms iodides of ammonium and of mono-, di-, 
tri-, and tetra- ethyl-ammonium.—10. ^^en 
saturated with PH, and heated, either alone or 
with ZnO, there is formed tri- and tetra- ethyl- 
phosphonium iodide (Hofmann, B. 4, 372).— 
11. Chromic acid mixture gives iodine and ace¬ 
tic acid.—12. Chlorine gives EtCl and I (Dumas 
a. Stas, A. 35, 162).—13. Bromine gives EtBr 
and 1 (Friedel,C. li. 60,346).—14. ICl gives EtCl 
and I (Geuther, A. 123, 123).—16. HI at 160® 
forms some ethane (Butlcrow, A. 144, 36).— 
16. Heating with HgCl, gives EtCl (Oppenheim, 
C. B. 62, 1085).—17. Heating with KjSO, gives 
potassium ethane sulphonate EtSO,K (Strecker, 
Z. [2] 4,213).—18. Sodium amalgam eciiag on 
a moist mixture of EtI with CS, forms Et,CS, 
(Nasini a. Scala, G. 17, 230; cf. Lowig a. Soholz, 
J.pr, 79, 441).—19. Water at 150® gives ether 
(Reynoso, A. Ch. [8] 48, 385). 

ETHYL-ISATIN C,„n„NO,. [137®]. Long 
rod needles (Pauoksch, B. 17,2805). Formed by 
heating with HClAq the product of the action of 
di-ohloro-acetic acid on p-amido-phenyl-ethane 
C,H^Et(NH,)[l:4]. . 

Ethyl-pseudo-isatin C 4 H 4 <^gj^CO. Ijoa^ 

tarn of ethylisatic add. [95®]. 

Formaiion.~l. By the action of a cold alka¬ 
line solution of chlorine followed by hot alcoholic 
NaOH on ethyl-indole-carboxylio acid [183®], 
which is obtained by the action of HCl on phe- 
nyl-ethyI-hydrazine-pyruvioacid(Fischera.Hcss, 
B. 17, 566).—2. By reductioi^ of the di-etbyl- 
derivative of pseudo-isatin-tt-oxim 

CrtH 4 <^gj^C(NOEt) with zinc-dust and oxida¬ 
tion of the product with Fe^Cl, (Baeyer, B. 16, 
2103). 

Properties.—L&rQe red plates. Soluble in hot 
water, alcohol and ether. With thiophene and 
H 3 SO 4 it gives a blue colouring-matter soluble 
in ether. It dissolves in alkalis with a yellow 
colour at once forming a salt of etbyl-isatio acid 
fwrt v^O.COjH e 
^“♦<sNHEt ‘ 

Sthyl-pieudo-isatin-a-oxim 

[162°]. Mow fonr.«iaea 

prisms. Formed by the action olhydroi^Isinin* 
on ethyl-pseudo-isatin. On rednotion with zino- 
dust followed by oxidation with Fe,(Ut ylsl^ 
sth^l-pseado-isatin. It does not oil 




too 


tieatmeni witli ammoiunm talpliide (Bieyei, B. 

16, sm). 

Xtifl-puttdo-iutia-a-«tkxloxia v. Di-etkyl- 
dtrimtivt ot pstudo-laiirm-it-oaa. 

ETHTL-lUIBIlt^ V. Ethyl ethtr of {B, 4)- 
Ove -{ Py . 4)-stsii.-<)oinomsi! ikteahidmdk. 

M-EIHn-KBIIItK V. ^ •iraTHTL-DI-BTHTL 

PYBAZtNB. 

Dl-ETHYI-KHTONE O^H^oO i.e. Et.CO.Et. 
Propione. Metacetone. Mol. w. 86. (101®). S.G.® 
*829; i2^*-816. S.4-2. H.0.735,971 (Iiouguinine, 
£L [2] 41.889). A product of the distillation of 
sugar, starch, or mannite with lime (Fremy). 

Formation. —1. By the dcy distillation of 
barium propionate (R. Morley, A. 78, 187).— 
2. By the action of Zn£t, on propionyl chloride 
(Freund a. Pebal, A. 118, 9).—3. From sodium 
ethideand CO (Wanklyn,^. 140, 211).~4. By 
oxidising oxy-hexoic acid (di*eth-o\\*lic acid) 
with K,Cr,0, and HjSOi (Chapman a. Smith, 
C. J. 20,173); or by heating the ether of the 
same acid for several hours with fuming HCl at 
160® (Genther, Z. 1867,709).--6. By oxidation 
of di-ethyl*carbmolEtjCH(OH) (Wagner a. Sayt- 
xeff, A. 179,322).—6. By the action of dry FeCljOn 
propionyl chloride (Hamonet, Bl. [2J 60, 547). 

Properties.—Mobile oil, lighter than water, 
T. sol. alcohol and ether. Smells like acetone. 
Slowly combines with EHSOj on long agitation 
(Schramm. £. 16,1683). Chromic acid mixture 
oxidises it to propionic, acetic, and carbonic 
acids. Reduced by sodium in presence of water 
todi-ethyl-carbinolaud the pinacone C,oH„(OH) 2 . 
Treated with di*methyl-aniline and ZnClj there 
is formed tetra - methyl‘di-amido-di-phenyl* 
methane (Dobner a. Petschoff, A. 242, 333). 
Treatment with Zn, Etl, and then with water 
gives tri ethyl-carbinol (A. Saytzeff, /. pr. [2] 
81, 820). 

Cyanhydrin Et 3 C(OH).CN. a-Oxy-Jicxo- 
nitrile. From the ketone and dilute ECN 
(Tiemann a. Kdj^ler, B. 14, 1978). Liquid, 
lighter than water. 

0*im EtjCtNOH. (163®) at 726 mm. From 
di-ethyl-ketone and an alcoholic solution of hy- 
droxylamine (SohoU, B. 21, 609). Oil, insol. 
water, sol. alcohol and ether. When dissolved 
in ether and treated with NjOf it gives amyl- 
pseudo-nitrole £t 2 C[NO).NO}in the form of large 
tables [63^, which forms blue solutions in ether 
and oluoroform. * 

BLETHTL-XSTOKS BI-CAKBOXTUC ACID 
0,H,A U C0(CH,CH,.C02H),. [138®] and 

(c. 110^. Formed by saponifying its ether. 
Thin pls^, decomposed on distillation. Not 
reduced by s^um-amalgam. Boos not combine 
with 5r. oxidises it to succinic acid.— 

AgJl'': minute needles. 

'Mono^ethyl sffterEtHA". [68®]. From 
EtjA" (1 mol.) and alcoholic KOH (1 mol.). 
Needles, insoL ligroio, sol. water, alcohol, ether, 
uid chloroform.—AgEtA'b 

Dimethyl eiher EtA". (286®). Formed 
by beating forfuiyi-aorylio acid with alcohol 
saturated with HCl (Marokwald, S. 20, 2811; 
91, 1898). Heavy oil. Alcoholic NH, forms 
0A,0,N,[292®]. . , 

Oxlm of the Ai-ethyl ether 
HO.N:0{OH,CH^CO^t)r pS®]. Slender 
needles, il 1 ^ water. 


PhenyUhydratide 

N,HPh.C(C 2 H*.CO^,. [114*6®]. Minnie pale 
yehow or^tais, insol. water, benzene, and light 
petroleum, sol. alcohol and other. Heating at 
210® with ffitAq (S.G. 1*7) and amorphous phos¬ 
phorus reduces it to n.pimelIo acid. 

PkenyUhydraside of the mono-ethyl 
«th6fN,HPh,C(CjH4.CO»H)(C,;H,.CO,Et).[112®). 
Minute pale yellow crystals, insol. water and 
light petroleum, v. sol. hot alcohol and ether. 

TETBA.EXHTL LEFCAKILINE v. Tsuu- 

ETHYL*TM-p-AMlPO-TW-rHBNYL-MKTlUNB. 

ETHTL-LEDCAZOlffE v. AzAunoiiio Acm. 

DI-ETHYL-MAIEIC ACID i.6, 

CO,H.CEt:GEt.C02H. Xeronic acid. The an- 
liydride occurs among the products of the dis¬ 
tillation of citric acid, being formed by boiling 
citraconic anhydride for a long time. This an- 
liydride is converted into the Ga salt by digestion 
with water and GaCO, (Fittig, A. 188, 69). 
Formed also by treating aa-m-bromo-butyric acid 
with reduced silver (Otto a. Beckurts, A. 239, 
277). The free acid, liberated by adding HCl to 
its salts, changes at once into the anhy^do. It 
docs not combine with Br. HI reduces it to di¬ 
ethyl-succinic acid. Chromic acid mixture oxi¬ 
dises it to propionic acid (Roser, B. 16,1321). 

Salts. — AgjA". — CuA'^aq. — CaA"aq. — 
BaA'^aq. 

Anhydride C,H,oO,. (242® i.V.). Liquid; 
volatile with steam. Si. sol. cold water. 

ETHYL-MALONIC ACID CsH^O, i.e. 
CHEt(C02H)p Mol. w. 132. [112®]. 

Formation. —1. By treating a-bromo-n-buty- 
rio acid with KCy and boiling the product with 
potash (Wislicenus, i4. 149, 220; 166,93; Tu- 
poleff, i. 171, 243; Markownikoff, A. 182, 324). 
2. By heating malonio ether fl6 pts.), and 
sodium (2 pts.) dissolved in alcohol (26 pts.) with 
gradual addition of Etl (20 pts.). The resulting 
ether is saponified by potash, neutralised by HCl. 
and converted into the Ca salt. The Ca salt is 
then decomposed by HCl and the acid extracted 
with ether (Conrad, A. 204,134). 

Properties. — Short four-sided prisms or 
feathery groups. V. sol. water, alcohol, and 
ether. At 160® it splits-up into CO, and butyric 
acid. The same decomposition oocurs when its 
aqueous solution is evaporated at too high a 
temperature, especially in presence Ot mineral 
acids. Fe,0lA gives no pp. in neutral solutions. 

Salts.—a;aq: small crystals, v. sol. 
water, insol. alcohol.—Na 2 A"a;aq: efflorescent 
gr/’.DularmaBs.—BaA": small needles.—CaA"aq; 
prisms; si. sol, hot, v. sol. cold, water.— 
ZnA"2|aq: crystalline powder composed of 
minute six-sided plptea; S. *22.—ZnA"8aq.— 
CuA"8aq; bluish-green tablets.—PbA"; white 
pp. becoming granular on boiling.—Ag,A^: spar- 
ingly soluble needles.—The aniline salt when 
treated in benzene with phosphorus pentachloride 
gives FhN:CH.O.OClEt.CONHPh [104®], {Py.l). 
chloro-(Py.8)-My-(Py.2)-ethyl-quinolineC248®], 
and the anilide of m-cbloro-butyrio acid [200®] 
(Rfigheimer a. Stdiramm, B. 21, 804).—^e o- 
toluidine salt gives with PCI, {Py. l)-chloro- 
IPy. 8)>oxy-(iV- 9)'ethyI*(B. 4)-methyl-qamoline 
(R. a. 8.) [225®]. 

Di-ethyl ether Et,A'\ (200® unoor.); 
(210® cor.). 8.G.« 1*0X24; « 1*0044. M.M. 
9*273 at 16*8® (Perm, 0, /• 46, 613). Fron 
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Ih# tilvei Mit $Qd EtI. Prepared* also by tbe 
action of Bil (1 mol.) on a mixture of malonio 
ether (1 mol.) and NaOEt (1 mol.) (Conradt B. 
12,751 > .d. 204,134). Formed also by heating 
m^onlo ether with EtI and zino (Sohukoffsky, 

/. B. 1887, 601). Above 260® it is partially* 
decomposed with formation of butyric ether. 
Iodine appears to convert sodium ethyhmalonic 
ether into 03 »'CI(CO;.Et)j, whence alcoholic 
KOH forms Et.C( 0 Et)*(C 02 K)p wh^ baryta- 
water forms barium ethyl-taVtronate ^ischofi a. 
Hausddrfer, A. 239,120). 

^wiifeCHEt(CONH 2 ):j. [208®]. From the 
ether and NH, (Freund a. Goldsmith, B. 21, 
1243). 

Amide^anilide CHEt(CONH 2 )(CONHPh). 
[182'=']. Formed by heating the amide (1 mol.) 
with aniline (1 mol). 

Anilide CHEt(CONHPh)j. [215®] (F. a. 
G.); [223®] (Riigheimer, B. 17, 235). Needles 
(from alcohol). Formed by heating the amide 
(1 mol), the acid, or the ether, with aniline (2 
mols.). 

Mono-anilide CHEt^CONHPhJCCO^Hl 
[150°]. Formed by boiling the preceding with 
excess of lime (F. a. G.). 

Phe«-pf-fey<ira«ideCHEt(CO.NH.NHPh) 2 . 
[233®]. Obtained by heating the amide with 
phenyl-hydrazine (F. a. G.). Needles (from 
HOAc); insol water, el. sol. alcohol. COCl, 
converts it into C,#H,aN 404 [above 300®]. 

Di-ethyl-malonle acid G,H ,304 i.e. 
CEt 3 (C 03 H) 3 . [121®]. 8 . 66 at 1C®. Formed 
by treating malonio ether with NaOEt (2 mols.) 
and Btl (2 mols.), and saponifying the product 
(Conrad, At 204, 138). Prisms; v. sol. alcohol 
and ether. At 170° it splits up into CO 3 and 
CHEt 2 .C 02 H. 

Salts.—CaA": moderately soluble crystal¬ 
line pp.—Ag.A": crystalline pp. 

Bthyl ether EEA". (230® cor.). S.G. , 
•9917; *9844. M.M. 11-20 at 19® (Perkin, 

C. J, 46, 613). Formed as above. Formed also 
by treating malonio ether with ZnBt^ (Martinofif 
a. Sohukoffsky, J, B. 1887, 297). 

Bfl/ercnces.—Cni/)Ro- and Bbomo- ethyl- 
lULONio xcn> and uthbb. 

£T£nn!>-MALONYI<-ffB£Av.Ef%f-denmfm 
of Barbitubio acid. 

ETItTI-HELAHINE. Described as EthyU 
eyanuramide v. Ctanic acid. 

ETHYL MEECAPTAN v. Mercaptan. 

ETHYL-METHYL- v. Methil-ethyl-. 

ETHYL-METHYLENE- v. Mbtht^ne- 

XTHTL-. 

ETHYL MffSTABD OIL 0 . Ethil tbio-oarb- 

XMTDK. . 

(a).ETHYL-NAPHTHALEigS ie. 

0,A.O.;a,. ( 269 ® i.v.); (100° at 4 mm.). V.D. 
5*86 (obs.), S.G. 81-0204; V 1*0123. Prepared 
by the action of sodium on a mixture of- (a)- 
bromo-naphtbalene and ethyl bromide (Fittig a. 
Bemsen, Z. [2] 5, 37; A. 165ftll8). Colourless 
Uguid. Partiedly decomposed on distillation. Br 
gives a tri-bromo- derivative [127°].—Picric 
acid compound: fine yellow needles [98®] 
(Camelutti. B. 13,1671; 0. 10, 388). 

(/3)-Bthyl-iiaphthaieiie C,jH,Et. (261°). S.G. 
l'O078. Colourless liquid. SoUdlnesat —19°. 
repar^ by the action of sodium on a mixture 
of (3)-bromo-naiitbalene and ethyl bromide 


(Brunei,B. 17,1179). It is also formed (probably 
together with the (a)-ethyl-naphthalene) by the 
action of ALCl, on a mixture of naphihiJene 
(100 pts.) and ethyl bromide or chloride (fiOpts.) 
(Marchetti, G. 11,265,439). EtBr gives the best 
yield (lloui, A. Ch. [2] 12,289).—Picric acid 
compound: [69°1(B.); [71®] (M.); yellow 
needles or long plates. 

(a)-ETHYL-NAPHTHALENE STILPHONIC 
ACw GisHiiSOjH. Forms an amorphous £a 
salt and a crystalline copper salt CuA',2aq, m. 
sol. water. 

( 8 )-Ethyl-naphthalene sulphonlo acid 
G,oH|,SOsH. From ( 8 )-ethyl-naphthalene and 
H 3 SO,. Forms ^ lead salt PbA^,;, crystallising 
in scales (Marchetti, 0. 11, 439). 

ETHYL-NAPHTHOIC ACID. Amide 
C,oH,Et.CONH 3 [1:4]. [166®]. Formed by act¬ 
ing on (a)-ethyl naplithaline with ohloro-formio 
amide in^resenceof Al 2 Cly(Gattennann, A. 244, 
67). Colourless needles (from alcohol). On 
hydrolysis (1-4) ethyl-naphthoic acid [132°] is 
obtained. 

(8)-ETHYL-NAPHTH0L 0,„H,Et.OH. [98°]. 
Obtained by fusing (/9)‘etbyl-naphthal6ne sul- 
phonic acid with potash (Marchetti, Q. 11,442). 
Silvery Icullcts, insol. cold water, v. sol alcohol 
and ether. 

ETHYL-NAPHTHYL-AMINE v. Naththtl- 

STUVL-AMINE. 

ETHYL . NAPHTHYLENE - DIAMINE f>. 
Naphthylene-kthyl-diamine. 

ETHYL NITRATE C^H^NOj, Nitric ether. 
Mol w. 91. ( 86 ®) at 728 mm. S.G. 2 1*132; 

1*112 (Kopp, A.98,367). H.F.p.40,780 (TA.); 
30700 (Berthelot). H.F.V. 38,760 (Th.). S.V. 
91*1 (Ramsay). Formed by distilling alcohol 
with an equal weight of HNO, (S.G. 1*4) con¬ 
taining 3 p.c. of urea; the distillation must be 
stopped when two-thirds of the liquid has dis¬ 
tilled over, otherwise an explosive reaction will 
set in (Millon, A. Ch. [3] 8 , 239; Carey Lea, 
Am. S. [2] 32, 178). It may also be obtained 
by dropping absolute alcohefi (10 g.l from a very 
fine pipette into cone. HNO, (20 g.) cooled with 
ice and salt (Persoz, R^p. Chitn. pure. S', 30). 
Alcoholic AgNO, boiled with EtI or EtBr doea 
not yield ethyl nitrate, but aldehyde and ethyl 
nitrite. The EtNO, may be supposed to be re¬ 
duced by the alcohol at the moment of formation 
thus: EtN0,+C,H,.0H=EtN0,+C,H,0 + H,0 
(Bertrand, Bl. [2] 83, 566). • 

Preparation.^A. mixture of alcohol (300 g.l, 
urea nitrate (100 g.), and HNO,(400 g. of S.G.1*4) 
is distilled to half its volume, after which a mix¬ 
ture of alcohol (3 pts.) and nitric acid (4 pte.) is 
run in slowly so as to keep the level of the liquid 
constant. The nitrio acid used must have been 
previously heated to boiling with 1 p.c. of urea 
and afterwards cooled (Lossen, A. Suppl. 6 ,220 $ 
Bertoni, O. 6 , 406). 

Prqpsrfi^.—Colourless oil with pleasant 
odour and sweet ^ste; miscible with alcohol, 
*and ether. It bums with a white flame. 

Reactions.—h Alcoholic* NH, at 100° 
ethylamine nitrate NEt,HNO,(Junoad 6 lla,v*Jt« 
48, 342). A mixture of nitrio ether (1 Tol.), aU 
oohol (1 Tol), and oonc. NH,Aq (1 voL) at 190^ 
forms mono-, di-, and tri-, etlmamine (Iiea).— 
3. Ammonium sulphide in alcoholib toludon' 
yields mercaptan (E. Kopp, J, [ 8 ] 11, SRI). 



ETHYL NITRAm 


8, Tin nnd BCi redact il to bydroxylmine and 
dioatirfi'it^droijiamioe (Lossen). — 4. When 
beuted with ferrons aoetate nitrogen is given off 
(Lea). 

STHYl HITRITB O^^O, U Et.O.NO. 
Nitrous eiher. Mol. w. 76. (18®). S.2. S.G. g 
•910; -900 (Brown, PA 16?400). H.F.p. 30,ftl0. 

H.F.V. 28,870. Produced by the action of nitric 
acid upon alcohol. The reaction is very violent, 
the alcohol being oxidi^ to aldehyde, &o., 
while the nitric acid is reduced to nitrous acid 
which etherihes the remaining oioohol (Kunkel, 
A.D. J681; Dumas a. Boullay, A. Ch. [2] 87,16). 

* Sweet spirit of nitre ’ is obtained by distilling 
an excess of alcohol with HNO,. Alcohol may 
be saved by adding copper, starch, or sugar to 
the mixture; or the ether may be obtained by 
passing nitrous fumes into alcohol (Liebig, A, 
30,142; E. Kopp, /. PA. [3] 9,320; Grant, PA. 
10,244; Feldhaus, A. 126, 71). 

Pre^ration. —34*6 g. NaNO, dissolved in 
120 O.O. of water are cooled below 0®; 13’5 c.c. 
HjSO, are added to 82 o.c. rectified spirit mixed 
with an equal volume of water, and tlie mixture 
diluted to 120 c.o. and cooled. The acid mixture 
is added graduaUv to the nitrite solution and the 
ether separated by a tap funnel, washed with 
water, and dried over ignited E,GO}. Glycerin 
(6 p.c.) added to the 2 p.o. alcoholic solution 
prevents its decomposition (Dunstan a. Dymond, 
PA. 18,861). 

Properties, —Liquid,with characteristic odour; 
miscible with alcohol, si. sol. water. Decom* 
poses when kept in a wet state, giving off NO. 
Saponified by solid KOH giving KNO;, and alco¬ 
hol (Liebig a. Strecker, A. 77, 331). Reduced 
by HjS or ammonium sulphide to alcohol and 
NHj. Diazotises aromatic amido- compounds. 

ETHYL-HIXRO. v, Nigpo-BTHYL-. 

ETHYL-NITROLIC ACID CjH^NjO, i.e. 
CH^C(NO^rNOH or CH,.CH(NOJ.NO. (82^]. 

Formation. —1. By the action of potassium 
nitrite and H«S 04 *on an alkaline solution of 
nitro-ethane (V. Meyer, B. 6 , 1494; 7, 425; A. 
180, 170).—2i From di-bromo-nitro*ethane and 
bydroxylamine in the cold. 

Preparation ,—From nitro-ethane (6 c.c.), 
ice, potash (16 o.o., containing 6*7 jg. KOH), and 
NaNO, (15 O.O. containing 8 g.). Dilute H 2 SO 4 is 
added, and the product extracted by ether (v. 
Meyer a. E. J. Cor^tam, A. 214,829). 

Propertte«.~Light-yeUow transparent tri- 
metric prisms resembling KNO«. Tastes sweet, 
and has an acid reaction. V. e. sol. warm, si. 
sol cold, water. Dissolves in aqueous alkalis 
and in l^ryta, giving a deep red solution. An 
ethereal solution is not coloured by dry KH, 
un^ water is added. Lead acetate gives a bril* 
liant orange pp., AgNO, gives an egg-yellow pp. 

Beactums,--!. When heaUd to 82® it melts, 
and is completely decomposed, thus: 

2CHyC(NO,):NOfi « 20H«OOjH + N, + NO,. 
The same decomposition occurs slowly in the 
cold, and quickly hn boiling with an alkaii.*^ 

2. Sodium amalgam reduces it to acetic acid, 
nitrous aci^ and Tin and HCl act in the 
same way.' In the case of sodium amalgam, 
ethyl-azaurolio acid is an interm^ateproduot.— 

3. Gone, sulpkuric acid it op into acetic 
acid and N|p, 


iMmerid* of othyl-aitrolie 
m% Formed kj the action of sodinmimsl^ 
upon mtio-ethane (Eissel, Bl. [3] 40,73; J. B. 
15, 91). Priems or needles (from chloroform). 
Aoid in reaction, and forms salts with alkalis, 
•bat their solutions are not red. 

EIHTL-SIIEO-PHEHYL. v. NixBO-JHJiKTt. 

EIBTL.. 

Dl-ETHTL-NmOSAHIHE «. Bi-STan. 

AMINB. 

DI-ElKYL-ISO-HITKOSO-Ajm- AMINE 
NEtj(0,H,NOH). pS”]. Large flat crystals ob. 
tained by acting on Outhrie’s amylene nitrite 
with diethylamine (Wallach, A. 241, 304). 

ETHYL ». OCTYL OXIDE Et.O.C,H„. 
(189’2'’). 8.G. § -8008. S.V. 244-9. O.E. (0»-10°) 
•00101 (Dobriner, A. 243, 6). (1830). S.O. ir 
•805 (Maslinger, A. 185, 57). 

ETHYL-OXALIC ACID «. Oxalic acid. 
Dl-ethyl-oxalic acid v. Oxx-hexoio acid. 
ETHYL-OXALYL-ANTHEANILIC ACID v. 
CABBOXY-FHKNyL-OXAUIO ACID. 

ETHYL-OXAMIC ACID C,H,NO, U. 
NHEt.CO.COjH. [120“). Formed by heating 
the acid oxalate of etbylamine (Wurtz, A, Ch. 
[3] 30, 443). Its ether is obtained by treating 
oxalic ether with ethylamine, and may be sapo¬ 
nified by boiling water or by milk of lime (Wallach 
a. West, B. 8, 700; A. 184, 68; cf. Heintz, A. 
127, 43). Six-sided tables, v. sol. water, alcohol, 
and ether. May be extracted from its aqueous 
solution by ether. Sublimes in woolly needles. 
Cold cone. KOHAq decomposes it, giving oil 
etbylamine. Boiling NH^Aq does not act on it.— 
CaA', 2aq : prisms.—CaA'j 4aq (BuviUier a. 
Buisine, A. Ch. [6] 23, 349). S. 3-17 at 17-6".— 
BaA'j aq. 

Ethyl ether EtA'. Ethyl-oxamethane. 
(246“). Formed as above. Liquid, miscible with 
water, alcohol, and ether. Saponified by hot 
water. NU, converts it into ethyl-oxamide 
NIIEt.CO.CO.NHj. PClj gives oryatalline 
CO.,Et.CCl 5 .NHEt [above 60“], which is slowly 
decomposed at 100°, giving o0 EtCl and COj. 

Di-ethyl-oxamie acid NEt-.GO.CO 2 H. 
[101“]. Prepared by saponification of the ether 
(Wallach, B. 14, 743; A. 214, 270). Large 
monoclinic prisms. V. sol. water and alcohol. 
Split up by heat into CO, and di-ethyl-foftnamide. 
PCI, forms NEt,.CO.COCl.—CaA', 2aq: v. e. sol. 
water and boiling alcohol. 

Ethyl ether EtA'. (252“). Formed by 
treating oxalic ether with diethylamine (Hof¬ 
mann, Pr.ll, 66; B. 3, 7T9; Heintz, A. 127, 
62). 

Nitrile NEL.CO^ON. (220^. From un- 
symmetrical di-ethyl-oxamide, NEtiCO.CONH,, 
and PjO, (W^ach, A. 214, 264). Liquid. SL 
sol. water. Volatile with steam. Lighter than 
water. Gives with PCI, a little chloro-ozal* 
ethyline. 

ETHYL-OXAICDE 0^,0, i.e. 
NH,.CO.CO.NHEV. [203*]. From ethyloxamio 
ether and NH,, or from oxamic ether and ethyl- 
amine (Wallah, A. 184,65). Flexible needles; 
may be sublimed. V. sol. hot water. 

u-Di-ethyl-oiamide OONH,.CONEtr [137°]. 
(267° oor.). From diethyl-oxamio ether and 
cold aqueous NH, (Wallach, A. 314,360). Lone 
prisms; sublimes at 100°. Sol. hot water and 
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^eobol’ Oonverted by into obloro-ozal- 
•tbylxne G^HtClN,. (Yield, bad^ 

s-Di-ethyl-oxamlde 00(NHEt).C0.NHEt. 
ri76®3 (Wallach, A, 214,268); [179®] (Schifi, B, 
17,1034). 8.G. 4 1-169 (Sotoder, B. 12,1611). 
From oxalio ether and aqueous ethylamine 
(Wurta, A, Oh. [3] 80, 490). Needles. More 
Boluble in water and alcohol tnan oxamide. May 
be sublimed in crystals. Potash converts it into 
ethylamine and oxalio acid. 

Triethyl-oxamide NHEt.CO.CO.NEtj. (258®). 
Obtained from strong aqueous ethylamine solu¬ 
tion and diethyl-oxamio ether NEt^.CO.GOOEt. 
Liquid; miscible with water; decomposed by 
PCh (Wallach, A. 214, 267). 

ETHYL-O^NTHE&NOL v. Oxanthbanol. 

DI-ETHYI-OXETHYL-AMINE v. Oxy-tbi- 

BTHYL-AMINB. 

Dl-ETHYL OXIDE v. Etheb. 

Ethyl peroxide (?) Obtained by 

passing a slow current of ozonised oxygen 
over dry ether (Berthelot, G. R. 92, 895; A. Ch, 
[6] 27, 229). Syrupy liquid; does not solidify 
at —40°. Explodes when distilled. Decom¬ 
posed by water into alcohol and HjOj. 

ETHYL-OXINDOLE v. Oxindolb. 

ETHYl-OXY- V. Ethyl derivatives of Oxy-. 

DI-ETHYL-OXYAILYL-AMINE 
NEtj-OgH^OH. (o. 160°). The most volatile of 
tho bases obtained by the action of epichlorhy- 
drin on di«ethyl-amine (Reboul, C. R. 97,1188, 
1556). Thick liquid with powerful odour resem¬ 
bling that of diethylamine. V. sol. water. HCl fol¬ 
lowed by PtCl 4 gives {NEt 2 C 3 H.,CI(OH)} 3 H, 4 PtCl„ 
crystallising in garnet-red prisms; the corre¬ 
sponding bsEe NEtj.CsHjClIOlI) is the first pro¬ 
duct of the action of NEt..II on opiohlorhydrin. 

ETHYL-OXY-PEOPYL-AMINE 

(C,H„.OH)(C 2 H,)NH. (c. 160°). Formed by 

heating ethyl-allyl-amine with HjSO^ and pour¬ 
ing the product into water.—B' 5 H 2 Cl 2 ptCl 4 2aq : 
V. sol. water (laiebormann, B. 16, 531). 

Oxy-propyl'di-ethyl-amino C,H,ON i.e. 
CH.(OH).CH 2 .CHj.N(C. 4 Hj)... Trimethylene-di- 
ethyMkine. (190®). S.G.5 = -9199. Colourless 
liquid. Miscible with water. Formed by heating 
tvimethylene-chlorhydrin with di-ethyl-amino. 
The platino-chloride forms very soluble 
orange-red prisms; the aurochloride forms 
thick plhtos; the piorate long soluble needles 
(Berend, B. 17, 612). 

Di-ethyl-oxypropyl-amine C,H„NO. (159°). 
Di-ethyUpro!)yl-alkin 6 . Prepared by tho tm- 
tion of diethylamine on propylone-chlorh;^riu. 
(B'HCl)jPtCl 4 . V. sol. water (Ladenburg, E. 14, 
2407). 

Di-ethyl-di-oxypropyl-amine C,H,,NO,. 1.6. 
NEt^OHrCH(OH).CH,Ofl. Di-ethyl-propyl- 
glycolKnt. {834°). Colourlosa oil. Soluble in 
water, alcohol, and ether. Formed by heating 
di-othyl-amine with glycerine-ohlorhydrin.— 
B,H,0I,PtOl,: reddiah.yellow tables (Both, B. 
16,1161). , 

Benso^l derivativt 

NEt 2 .CIL.CH(OH).CH 2 {OBz). Thick liquid. Its 
picrate Ou^,NOAH*(OH)(N 02 ). crystaUises 
in yellow plates; v. si sol. water. 

ETHTL-OXYPEOPYL-ANILINB 
CJFl4.N(O,H0(C,H4.OH). EthylphcnyUpropyl- 
alki)u. (262°). Colourless liquid. Insoluble in 
water. Very weak base. Formed by heating 


ethyl-aniline with propylene-ohloHiydria (Lauji« 

B. 17, 678). 

DI - ETHYL- OXY-PEOPYLENB-DIAiraB 

OB:,(OH).CH(NHEt).CH,(NHEt). (o. 185®). 
From epichlorhydrin and ethyiamiue (Eeboult 

C. B. 97,1488). Syrup, miscible with water. 
Tetra-etbyi-oxy-propyUue-dl-amiiLe 

N 2 HEt 4 . 0 ,H, 0 H i.e. 

CH2(OH).CH(NEt4).CH2.NEt*. 

According to Behrend (B. 17,511) this base, 
obtained from diethylamine and the dichloride 
of allyl alcohol, is a liquid which cannot be 
distilled, but which forms an aurochloride 
B'(HAuCl 4 )j that crystallises in plates, si.- sol. 
water, and also a benzoyl derivatives 
CH. 2 (OBz).OH{NEl 2 ).CH 2 NEt 2 , of which the pla- 
tino-chlorideB"H 2 ptCl 4 formsorange-redneedles. 

Tetra-ethyl-oxy-propylene-diamiae 
(C 3 H,.OH)(C, 4 H 3 ) 4 N, i.e, 

CH 2 (NEtJ.CH{ 0 H).CH.,(NEy.refra-e%Uflyf- 
alkine. (235°). S.G. | '9002. Colourless liquid, 
lighter than, and shghtly soluble in, water. 
Fonned by heating s-dichlorhydrin with diethyl¬ 
amine, or by mixing epichlorhydrin with diethyl¬ 
amine. The platino-chloride B^H^PtCl^ 
forms long thick soluble prisms; the auro- 
ohlorido forms fine needles (Berend, B. 17, 
510; Reboul, C. B. 97,1488). 

Benzoyl derivative CH(OBz)(CH 2 ^^^ 2 )t* 
Gives an orange platino-chloride B"& 4 ptCl,. 
ETHYL OXYSULPHIDE v . Ethyl sulfh- 

OXIDE. 

o-ETHYL.PHENOL[4:l]C4H4Et(OH).P;tZoroL 
Mol. w. 122. (211®) (0.) ; (220°) (C.). 

Formation. —1. From o-amido-phenyl-ethane 
by the diazo- reaction (Suida a. Piohn, Sitz. W, 
[2] 81, 245; if. 1, 175). When tlie amido- 
phenyl-ethane used is obtained by reducing the 
crude product of the nitration of ethyl-benzene 
the o-ethyl-phenol stnstitutes three-fourtlis of 
the resulting product.—2. By distilling barium 
phlorotate with lime; phenol being also formoa 
(V. Oliveri, O. 13, 263).—3. By fusing ethyl¬ 
benzene ( 3 )-sulphonio acid with potosh.—4. 
From its methyl ether.—5. By distilling gum 
ammoniac (1 pt.) with zinc-dust (10 pts.) (Ciami- 
cian, B. 12,1668). 

Properfifis.—Colourless liquid smelling like 
phenol. Liquid at -18°. SI. sol. water, v. sol. 
alcohol and ether. Gives a greenish colouration 
with ferric salts. Dissolves in alkalis. Yields 
salicylic acid and a small quantity of w»-oxy- 
benzoic acid when fused with potash. Reacts 
with cone. HNO, with explosive violence. 

Salt.—Ba( 0 . 04 H 4 Et )2 2aq: leaflets, deoom- 
posing at 100 °. 

Methyl ether C^,Et.OUo. (185°) (0.); 
(191°) (S. a. P.). Heavy oil of pleasant ethereal 
odour. Not attacked by chromic acid mixture 
or by KMn 04 . 

(a).Ethyl.phenol C„H 4 Et(OH). [47°]- (216°). 
Formed by fusing ethyl-benzene (a)- 8 nlphonio 
acid with potash (Beilstein a. Kuhlberg, VI. 166, 
•211; Fittig a. Kieaoff, A. 156, 261). Neddies. 
SV. sol. water, v. e, sol. alcohol and ether. Its 
aqueous solution is coloured greenish-blue by 
FeAg. When heated with P^Oj it gives pheoyl 
phosphate and ethylene (Chruatsohoff. B. 7, 
1105). Cone. HNO. gives CO. and oxalic acid. 

Ethyl-phenol CJL.Et.OH. (S!p4®-215°) (E.). 
S.G 4 1^ 1’049 (A.). Prepared by hojiUng a mix* 
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inn of pbenol and ethyl alcohol with zino- 
ohloiide (Anec, B. 17,669). A mixture of ethyl- 
phenole ic formed by this process (Errera, 0.14, 
484). Its aqueous solntioa is coloured greenish 
br ferric chloride. 

siht/i «<*«• o;a:^t(OEt). ( 200 =) (E.)i 

Oxidised by KMnO, tap.SBy-benzoio ether. 

Ac«tgl dertva«veOAEt(OAc). (0.225'’). 

IH.ethyl.phonol O^H^SyOH) [1;S:4?]. (225»). 
Prom m-dj-etbyl-benzene. Gives a bluiM-violet 
colour with PeOl,. 

JJc/ermce.—Di-BBOMO-EiHvt-rHitNoi. 

ETEYI-PHEirOL CASBOXTUC ACID v.Oxv- 

XIHn.-BXNZOI0 ACTS. 

ETHyi-PHEHOL-PHipiElH 

Formed by heating ethyl-pheuol with phthalio 
anhydride and ZnOl, (Auer, B. 17, 671). Grey 
crystalline powder (containing aq). V. sol. 
alcohol and ether, insol. water. Dissolves in 
alh^B forming a violet solution. 

o-ETHTL-PHEHOt STOPHONIC ACID 
C,H,Et(OH)SO,H. From o-ethyl.phenol and 
cone. HjSO, (Suida a. Plohn, Sttr. W. [2] 81, 
246; M. 1, 179). Very deliquescent minute 
neeies.—BaA'j a:aq: pearly plates. Its solution 
gives a white pp. with lead salts and a dirty- 
green up. with copper salts. 

(a).Xthyl-phenol snlphcnic acid 
0^,Et(OH).S0,H. From (a)-ethyl-phenol and 
cone. HjSO, ^ittig a. Kiesofi, A. 166, 264).— 
BaA',; prisms. S. 4-7 at 17'’ (Baumann, H. 4, 
813).—BaC,H,0,: insol. water. 

ETHYI-DIPHEKTI 0,H,.0,H,(C,H,). [1:3]. 
(284°). S.G. 2 1'043. Formed by treating melted 
mphenyl and A1G1„ with CjHjCl, C.H,,Br, or 
with C,H,. The 0,HjBr gives tho beat yield 
(Adam, A. Ch. [ 6 ] 16, 261; Bl. [2] 47, 689). 
Colourless, mobileTiquid. Oxidised with chro¬ 
mic acid it gives 0^,.C.H..C0^ [1:3] [IdP]. 
Traces of 0^,.C^,.C0CH, can be obtained as 
an intermediate product. Bromine at ISO” easily 
produces a dibromide OifHi^Br,. [103°]. Insol. 
alcohol and ether. 

Oi-etbyl-diphenyl C^,.0,H,(C^s)y S.G. 2 
■999. (c. 307°). Formed by treating melted di¬ 
phenyl and AlCl, with C,H., O^jCl, or C,H,Bt, 
the latter giving the best yield (Adam). A colour¬ 
less liquid. When oxidised with chromic acid 
(1,3,6) diphenyl-di-carboxylic acid is obtained. 

Be/sren ce.—Pi-AMiPO.Di-ETHYL-prPHENVi.. 

EraTL-PHEKTl-». Phehvl-ethvi,-. 

ETHTL-PHEjra-ACETIO ALDEHYDE 
C,H,Et.CH,CIHO. From di-ethyl-benzene by 
successive treatment with Cr0,01, and water 
(Btard, A. Oh. [ 6 ] 22,265). Liquid. Volatile 
mth steam. Decomposed by heating to 220°. 
Combines with NaHSO,. 

ETHYL -PHEHYL-AinDO - NAPHTHOdDI- 

EOn tl. NABHT HOQO niOirE-ETHYI.-AKllimE. 

BTHYL-PHEinrL-AKniE v. Aumo-BBENVir 


■nfAHE. 

TXI'XTHYL.FHEirYI-AHllOHIDK HY. 
DBOXIDX 0 . EOiyh-hyi^idt of Di-ethvz,- 

ABiuini. _ ' 

. XBI-ETHYL fFHEEYL-ASSOEIini com¬ 
pounds 0 . Abseuio, Organic compounds of. 
STEYL-PEEXYL BXHZYt XBIOKE «. 


Bxmii itHTicBBunm xnom._ 

p-ETSnni-PHXXYL.»UOB 1 TTYL-PEZirYL- 

TEIO-intXA 

FAsmsI btlH>Asi«ii«4Mfpi-(Mo«r*a. [140^.Formed 


from p-ethyl-phenyl thiooarbimide and p-hutyl- 
phenylvamine {Mainzer, B. 16, 80S6). Small 
white prisms. Sol. hot alcohol. By phosphoric 
acid it is split op into p'isobutyhphdQyl thio* 
carbimide p-ethyUphenyl tiiiocarbimide, p>iso> 
batyhphenyl-amme, and p-ethyl-phenyl-amine. 

STEYI.PE£NTL£ld.l)IAMINS v. Phbmti.- 

£THTZ.-DI.FH£irYI.£THA5S o. Phemtl- 

ETHTIjPHBNZL-KTHANI!. _ 

ETHlTL-DI.FHENTL-ETHYLSNE 
aHs.OH:CH.OJHqEt. [90®]. Formed from 
Ph.GH,.GH(0H).0«HgEt and boiling dilute 
H.^S 04 (Sdllscher, B. 15,1681). Plates, v. e. sol. 
ether. 

Bhethyl'di.phonyl-ethylene 
CgH 4 Et.CH:GH.OgH 4 Et. DUlhylstilbene. [136®]. 
Obtained by distilling the product of the action 
of HjSOf on a mixture of ethyl-benzene and 
Bt.O.OHCl.CH,Cl (Hepp, B, 7, 1414). Pearly 
plates (from alcohol); si. sol. cold alcohol, v. 
sol. ether. Boiling dilute HNO, oxidises it to 
terephthalic acid. It combines with Br. 

DI-p-ETHtL-PHENYI-GlTANIDINB 
HN:G(NH.CaH 4 Et) 2 . Ui-p-plieiiethyl-guanidine. 
[138®]. Formed by the action of alcoholic NH, 
and lead oxide upon di-p-ethyl-phenyl-thio*urca 
(Paucksch, B. 17, 2804). Lai^e transparent 
tables. V. sol. alcohol, ether, and CS... 
—B"H,Cl,PtGl 4 : glistening plates. 

ETHYi.-DI-PHENYI.KETONE v. Phenyi.- 

ETBTL-PHENTL-KETONB. 

DI-ETHYL-PHENYI METHANE v. Amyl- 

BENZENE. 

V . ETHYL - PHENYL.(a).NAPHTHYL-THIO- 
BEEA G,oH,NH.CS.NH.C.,H,Et. BUnethiMa)- 
naphthyl-thiourea. [148®]. Prepared by mixiii;.' 
(o).naphthyl thiocarbimide and ethyl-phenyl* 
amine in alcoholic solution (Mainzer, B, 16, 
2022). Small white needles. Sol. hot alcohol 
and ether. By phosphoric acid it is split up 
into p-ethyl-phenyl-thiocarbimide, (o)-naphtliyl- 
thiocarbimide, |)-ethyl-phenyl-amine, and (a), 
naphthylamine. 

p.Etbyl.phenyl.(/5)-naphtliyl-thio.urea 
C.oH^NH.CS.NHCgHqEt. [159®]. Prepared as 
above, using (/3)-naphthyl-thiooarbimide (( 6 )- 
naphthyl mustard-oil) (M.). Small plates (from 
alcohol). M. sol. hot alcohol and ether. Split 
up like the (a)-i 8 omeride by phosphorib acid. 

DI-aEim-DI-PHlNYL-PEOPIOinC ACID 
i.e. ( 0 ,H 4 .C 2 H 4 ),.:C( 0 H.).C 0 ,H. [116®]. 
Prepared by aissolving ethyl-benzene and pyr¬ 
uvic acid in H 3 SO 4 (Bdttinger, B. 14, 1597). 
Transparent tables. Sol. ether, chloroform, and 
ligroin. 

ETHYL - PHENT^ . PEOPYL. ALKIHE v. 

ErHYL-OXYPimPTL-ANILINS. 

ETHYL PHEHYL 8DLPH0HB t>. PHBNTt 

ETHYL BCLPHONB. 

ETHYL-PHEKYL DI-SDLPHOXIDB v. Ben¬ 
zene THIOSULPHONIO AOlP. _ 

ETHTL-PH^ITYL-THIOBIirEET v, mhyl- 
derivative of Phentl-thiobiuket. 

o-ETHYL-PHENYL THIOOAEBIXIDE 
C 4 H 4 (C,H 4 ).NCS. (240®-246®). o-Phenethyl-mus- 
tard oU. Colourless mobile liquid. Formed by 
heating the thio-urea with phosphoric acid 
(Paucksch, jB.17, 2802). 

n-EthyLphenyl tkiocarbimlde 
SCN. 04 H 4 { 0 ^j), Phemthylmustardoilo (256®), 
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Uqoid. Formed by diatiUiog di^«ethyl*phenyl« 
thioareft with phosphoric acid (Mainzer, B. 16» 
2030). 

DI-o-BTHYIPHENTL-THIO-UESA 
0„^,8 i.e. SC(NH.O„H,Et)y [142*^. White 
needles. Obtained by heating o-amido-ethyl> 
benzene with CS, and a little NaOH (Fancksoh,- 

B. 17,767). 

Ei^p.ethylphenyl.thio-nrea 
0„H*,N,Si.e. SO(NH.O,H4Et)j. [IdS’^.^Obtained 
by heating p-amido^ethyl.benzene with CS.^ and 
a little NaOH (Pauoksw, B, 17, 768; cf. Main* 
zer, B. 16, 2019). Pearly plates. Soluble in 
hot, s parin gly in cold, alcohol. 

ETEYL'FHENTL-TOhlTENE v. Senztl* 

BTHTL-BBNZENB. * 

DI-p-ETHYL-PHENYL.TrEEA 

OC(NH.CcH 4 Et) 2 . Di-p-phen-ethyl-urea. [217®]. 
Long transparent needles. Formed by the action 
ot carbonyl chloride (COCL) upon jj-cthyl-phenyl- 
amine (Paucksch, B. 17,2804). 

PENTA-ETHYL.PHLOEOQLECIN 

C, Et,0,H i.e. 0«EtO,(Eg2(OH). [92®] ? 

Prep^warion.—Phloroglucin (1 mol.) is 
warmed with KHO (3 inols.) and EtI (3 inols.) 
in alcoholic solution. The alcohol is hnally 
distilled off and the residue dissolved with water 
and extracted with ether. 

Properties. —Yellow indifferent body; when 
repeatedly crystallised from weak alcohol, it 
forms white plates. It is not acted on by boil* 
ing HIAq. It reacts with more EtI and EHO, 
showing that it still contains a HO group, form* 
ing an oil CjaHj^Oj or hexa-ethyl-phloroglucin 
CAEt« (Herzig a. Zeisel, M. 9, 217). 

ETHYL PHOSPHATES 

lIono-ethylortho-pho 8 phateC 2 H 40 .PO(OIp 5 P 
Ethyl-phosphoric acid. Formed by the action 
of phosphoric acid on alcohol or ether (Lassoigne, 
A. Oh. [2] 13, 294; Pelouze, A. Ch. [2] 62, 37; 
Liebig, A. C, 149; 13, 32; Church, Pr. 13, 620; 
Vogeli, P. 74, 282). A mixture of alcohol (1 
pt. of 95p.o.l with syrupy ortho* or pyro-phos* 
phoric acid (l pt.) is heated for some minutes to 
70®, left to stand for 24 hours, and then diluted 
with water and neutralised with BaCOj. The 
Ba salt is crystallised and decomposed by 
H,SO,. 

Properties. —Colourless viscid liquid miscible 
with wate*)*, alcohol, and ether. It reddens litmus 
and tastes sour. It gives off ether, alcohol, and 
ethylene when heated. Distilled with KOAc it 
yields acetic other. 

Salte.-^Soluble in water and crystalline. 
Most of them have a maximum degree of solu*; 
bility at 40® to 60®. The lead salt is the least 
soluble: AbjA'^j! feathery crystals (Church).— 
BaA" 6aq: prisms or tables. S. 8*4 et 0®; 6*73 
at 30®; 9*36 at 40®; 2*80 at 100®.—BaA"aq (0.). 
—BaA"7aq (0.).—^aA''2aq: micaceous scales. 
—FeA'^Saq: straW-yollow films (0.).— 
FejAlA^^fiaq (Church).—FeAlA",8aq (0.),—* 
FeAljA", 6aq (Church).—Fe.A'16aq (Church). 
—PbA"aq.—HgjA"2aq (?) (Church).—UrO^'; 
lemon • yellow mass.—AgA'aq; crystalline.— 
Tetra*eihyl*ammonium salt (NEt^)^": 
deliquescent mass of crystals; split np by heat 
into triet^lamine and tri*ethyl phosphate. 

Chloride EiO.OPCl^. (167®). Formed by 
the action of alcohol (1 mol.) on POCH, (1 mol.) 
or by pasting chlorine into a mixture of alo<^ol 


(2 mols.) and PCI, (1 mol.) (Wichelhaus, A, 
Stippl. 6, 285). Formed also oy heatingEtjPO. 
with pool, rft 110® (Chambon, 1876, 206). 
Oa; split up at 160® into EtCl, POOl, and Pp„ 
but may be distilled in a current of hy<hrogen; 
‘Deoomposedby water intoHCl andEtO.OP(OH),. 
PBr, gives ElBr, POBr„ andPOBrCI,. 

Di-ethyl phosphate (EtO)aPO.OH. Di-eiJi/yU 
phosphoric acid. Prepared oy placing P,0, in a 
dish over dry ether, or, better, alcohol under a bell- 
jar. In a fortnight the acid will have deliquesced, 
and the syrap may then be treated with PbCO.,. 
The resulting lead salt is decomposed by 
(Vdgeli, A. 69, 180). Syrup; decomposed by 
heat.—CaA',: silky groups of orystds (from 
wateri ; v. sol. water, si. sol. alcohol; gives off 
EtgPO, when heated.- PbA',: [180®]; groups of 
crystals resembling caffeine (from water); v. sol. 
cold water and hot alcohol. At 190® it gives off 
EtsPOg leaving PbEtPO^.—The barium #aU 
< forms needles or laminae, v. sol. water. 

Chloride (EtO)gOPCl. FromPOCl,(l mol.) 
and alcohol (2 mols.) also from EtgPO. and Cl 
(W.). 

Bromide (EtO)20PBr. From EtjPO, and 
Br (W.). Cannot be distilled. 

Tri-ethyl phosphate EtjPO, i.e. OP(OEt),. 
Phosphoric ether. (215®). S.G. 1*072. 

Formatvm. —1. By heating Pb(Et^O<)a to 
190® (v. 8upra).~2. In small quantity in the 
preparation of di-othyl phosphate (V.).—8. By 
heating AggPO, with Aglat 100®, exhausting the 
mass with ether, and distilling in vacuo (De 
Clermont, A. 91, 876). — 4. From POOl, and 
KaOEt (Limpriclkt,4.134,347).~6. By treating 
dry aloonol with POCl, or P^O, (Schifl; Oarius, 
A. 137,121). 

Properties.—\Amp\d liquid with peculiar 
odour. In a current of hydrogen it boils at 
203®. Sol. water, alcohol and ether. Slowly 
decomposed by contact with water forming 
HEtjPO^. POCl, at 110® forms EtO.POCl,. 
When PCI, (1 pt.) mixed with pure ether' is 
dropped upon dry NaOEt (61)t4.) suspended in 
ether and the product distilled in a current of 
hydrogen there is obtained a compound (158® 
cor.). S.G. *960 which may be CnH,gP,0, or 
(EtjPO^)(Et,PO,)(EtOH); it is slowly split up by 
distillation into its components (Geuther, A, 
224, 276). 

Ethyl metaphospbate EtPO, ? (below 100®). 
From load metaphosphate and EtI (Carius, 
1861, 686). Water converts it into Et^PO,. 

Tetra-ethyl pyrophosphate Et^P-O,. B.O. 
M 1*172. From silver pyrophosphate oy heating 
at 100® with EtI (De Clermont, 4. 91, 876). 
Yisoid liquid with peculiar odour and burn¬ 
ing taste. Decomposed by heat. Bums with 
whitish flame. Sol. water, alcohol, and ether. 
It turns acid when exposed to the air. Potash 
forms KEtgPO,. 

BTHYL-PHOSPHIKE 0,H,P <.e. PH,Ei 
Mol. w. 62. (25®). are heated 

tSgether with ZnO at 150®^ there » formed 
PEtHJ and PEt,H,I. On treating the modoet 
with water FEtH,! is decomf^sed into HI ai^ 
gaseous PEtH, while PEt, H,I is not affected* U 
after expelling PEtH, aqueous NaOH be 
added it will liberate PEt,H (Hofmum,B.4,484^. 
PH^t is ^so formed when ethylene bn^di, 
PH,I, 4nd ZnO are heated together (Hobaa&i, 
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B. 6, 802J. Ttoy Tolatile Hquid. It has no 
notion on liteitis. Has an overpowering odour; 
its vapour produces an intensely bitter taste in 
the throat. It bleaches oork. Takes tire with 
Cl. Br, or fuming^ HNOj. Combines with S and 
CSj forming liquid bodies. 

Salt*—P£tH,I: four.*bided tables, decom¬ 
posed by water, pf^ally decomposed by alcohol; 
insol. ether. It is ppd. in crystalline form by 
adding ether to its solution in oonc. HlAq. 

Sthyl-di»ehloro.phoiphine EtPCl,. EthyU 
phosphorous chloride. (110®). Pormed by heat¬ 
ing PC1| (4 pts.) with mercuric ethide HgEt, 
(I pi.) (Miohaelis, B. 18,2174). Liquid smelling 
like apples. Fumes in the Our. Is readily de¬ 
composed by water. With Cl it gives EtPClf a 
•olid which decomposes at 100®-150® and is con¬ 
verted by water into EtPOCl,, a liquid boiling 
about 175®, which is decomposed by further 
tredtment with water. 

Bi-ethyl-phosphine Et^H. Hoi. w. 90. 
(85®). Is prepared as above (Hofmann, B. 4, 
483). Oil with powerful odour; lighter than 
water. Absorbs oxygen from the air, sometimes 
taking fire. Combines directly with sulphur and 
with CSj forming liquid compounds. Its salts 
crystallise with difficulty. 

Tri-ethyl-phosphine PEt^ Mol w. 118. 
(128®). S.G.i£-812. 

Formofion.—1. By the action of PCI, on 
ZnEt, (Hofmann a. Cahours, C. J. 11, 56; A. 
104,1; Suppl. 1, 2). The tri-etbyl-pbosphine 
remains combined with ZnCl, but may be 
liberated by distillation with aqueous potash.— 
2. By the action of phosphide of sodium on EtI 
(Berl4, J. pr, 66, 78).—8 . When a mixture of 
zinc, phosphorus, and dry Etl is heated at 155® 
there is produced, together with ZnEt,, a mix¬ 
ture of (P£t,Hl),Znl 2 with (PEt,I) 2 Znl 3 and 
(PEt,0)2ZnI,. These compounds may be 
separate bv water, the first being the least and 
the second me most soluble. The first yields PEt, 
when treated >tit);i cold potash, the third yields 
it when heated with solid £OH (Hofmann, 0. J, 
18,291).—4. When zinc phosphide obtained by 
passing dry PH, into a well-cooled ethereal solu¬ 
tion of ZnEt, is heated with (5 pts. of) Etl at 
160® it forms (£t,PHl),Znl 3 (Diecbsel a. Finkel- 
stein, B. 4,852). 

Preparation. —1. PCI, is allowed to drop 
slowly into an ethereal solution of ZnEt, placed 
in a retort fiU6d with CO, connected with a 
tabulated receiver. The reaction is violent, and, 
to avoid bss, the other tubnlure of the receiver 
is connected with a V tube containing PCI, com- 
mnnicaring with a vessel full of CO,. The liquid 
separates into two layers, the lower being the 
sino ^nble salt of PEt,; this salt is distilled 
with aqueons KOH in a current of hydrogen. It 
is ^ed with solid EOH and rectified in hydro¬ 
gen (Hofmann, 0. J. 18,290).—2. PHJ (1 mol.) 
is heated with alcohol (8 mols.) for 8 hours at 
180®. The. product oozftaming PEt,HI end 
PEt^ is distified with potash (Hofmann, B. 4, 
207). 

Propsrfiss.—Colourless, mobile, liquid. Its 
odour is very penetrating but not disagreeable; 
when dilated it smells like hyacinths. When 
freshly prepared it has no action on litmus, but 
if exposed for a few seconds to theair it becomes 
aoid. It is insol water, miscible with alcohol 


and ether. It unites with adds forming vtt| 
deliquescent sdts. 

Reactions .—Bapidly absorbs oxygen from 
the air, becoming P£t,0. It often takes ire in 
pure oxygen, forming P,0,. Its vapour mixed 
with oxygen explodes when heated.—2. Sulphur 
combines with it forming PEt,S.—3. SeUniuni 
gives PEt,Se.—4. Sulphide of carbon unites 
with it forming red monoolinio crystals of 
PEtjCS,*[95®}. Hence CS, and PEt, may be 
used to detect one another; thus, when the 
vapour of CS, is poured over a watch glass in 
which there is a liquid containing free PEt,, a 
beautiful net-work of the red crystals will appear. 
The crystals are insol water, si. sol. ether, m. sol 
warm alcohol and CS,. They dissolve in cone. 
HGlAq, forming a colourless solution from which 
they are re-ppd. by KOH unaltered. Water at 
100® gives PEtjS, PEtjO, and PMeEt,OH. Boil¬ 
ing with alcohol and Ag,0 forms PEt,Sand GO,. 
H,S also gives FEt,S and yellow crystals of 
ChHj.PS,, which are converted by hot water 
into CS, and C,H„PSO, whence C,H„PSI may be 
prepared. Platinio chloride forms the compound 
(PEt,CS.,),H,PtClfl an amorphous light yellow 
salt.—5. When PEt, is poured into a flask con- 
taining chlorine every drop takes fire, PCI,, HCl, 
oud carbon being formed. If the reaction bo 
moderated a crystalline compound PEt,Cl, is 
formed. This melts near 100®, but has a very 
high boiling-point. Bro7nine and iodine act in 
the same way.—6. Ethylene bromide forms 
CH.,Br.CH,.PEt.,Br and 0,H,(PEt,Br),. Ethyl- 
idene bromide, ethylidene chloride, and EtCi act 
in like manner. Ethylene iodide, however, acts 
with explosive violence, forming PEt,I, and 
ethylene. — 7. Chloro - acetic ether forms 
PEt 3 ClCH,.CO,Et (Hofmann, Pr. 11, 526).~8. 
Allvl thiocarlymide (oil of mustard) forms 
C,H,NCSPEt, possibly CaH.NEt.CS.PEt,. It 
forms large crystals (from ether) [68°] and gives 
with H.,PtCl, the salt B'^HjEtCl, (Hofmann, Tr. 
1860,410).—9. Phenyl-lhio-carbimide forms in 
like manner ‘phenyl-tri-ethyl-phospho-thio- 
urea’ CS(NPhEt)(PEt 2 ) [58°] (Hofmann, Tr. 
1860, 432). It forms monoclinic crystals (from 
ether),isomorphous with CS(NCjHjEt)(PEU and 
with allyl thio-urea. It decomposes at 100°. It 
is insol. water, sol alcohol and boilii^g ether. It 
is very soluble in dilute acids, forms easily orys* 
tallisable salts. HNTO, forms phenyl thiooarb- 
imide and PEt,0. Boiling aqueous NH, furnis 
phenyl-thio-nrea and PEt,. KOH gives PEt,, 
dr-phenyl-thio-uieay K,S, and K,CO,. CSjforms 
the redPEtjCS,. Phenyl-tri-ethyl-phospho-thio. 
urea forms the following combinations: B'HCl. 
cadmium yellow crystals, decomposed by boiling 
water.—B'^H,PtCV“-B'MeI: golden needles 
(from boiling water). — (B'MoCI),PtCl 4 . — 
B'MeOH: decomposed on boiling into PhKG3 
and PEtgMeOH.—10. Ethyl sulphocyanide forms 
PEt,S and PEt^Cy.—11. Tn-ethyl-phosphine 
merely polym^ses cyanic acid and its ethere.— 
12. Uercaptam even at 100® has no action unleb 
air be present.—18. Iodoform reacts with rise of 
temperature, producing CH(PBt,),I, which orys- 
taliises from alcohol. It is v. sol water, si. sol. 
alcohol, insol. e^er. Aqueous Znl, gives in its 
I solution a pp. of jCHjPEUjIil^SZnly Platinio 
chloride gives {CH{PEta),Cl,|,PtCl„ which orys- 
taUises horn alconol u rectangular laminfs. 
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Moist AgjO fonns PEt,Me(OH) and PEt,0 (Hof¬ 
mann, 10, 189 1 11, 290).—14. Ohioro/onn 
or COI 4 give 0H(PBt3),Cl,.—15. By dropping 
PEtj upon cooled chloro-aoitic acid in a vessel 
full of hvdrogenthere is formedEt,PCl,CH 2 .COjH 
‘ the hydrochloride of phosphorus betaine ’ (Letts, 
Tr. E. 80, 286; Pr.E. 11,40), This compound 
crystallises from ether in colourless needles, it 
has an acid reaction, and its platinoohloride 
forms thick light orange needles. The com¬ 
pound EtiPOl.CH^GOjH splits up at 14o° into 
CO, and PEt,MeCl. Solid KOH gives PEtgO 
and potassium acetate. Moist Ag,0 forms 
£t,P( 0 H).C£[ 2 .C 02 H which, when dried over 
P 3 O 3 in uocwo, becomes Et,P<;^Q^Jp>CO, a very 
deliquescent neutral substance. HBr converts 
it into Et,PBr.GB[ 2 .CO,H, which forms dimetric 
plates (from alcohol and ether). It is split up 
by heat into CO, and PEtjMeBr. HI converts 
Et,P(OH).OH 2 .CO,H into very deliquescent 
granular crystals of the acid Et,PI.CHyCO,H. 
PEtaCl.CH 2 . 00 ,H is converted by Ag 2 S 04 into a 
very deliquescent sulphate which is spHt up by 
heat into GO, and (PEt 3 Me)aS 04 .—16. PEt, 
mixed with an equimolecular quantity of cooled 
chloro - acetic ether forms very deliquescent 
PEt,Cl.CH 3 .C 02 Et which melts below 190®, and 
at a higher temperature is split up into PEtgMeCl, 
CO,, and ethylone. It forms a crystalline platino- 
chloride, and is converted by moist AgjO into 

EtjPc^Q^^O, alcohol, PEt,0, and acetic ether. 

Solid EOH forms PEtjO, acetic ether, and KGl 
(Letts, Tr, E. 80, 285).—17. Bromo-acetic ether 
forms in like fanner an extremely deliquescent 
compound which melts below 100 ®, and is split 
up by heat into PEtjMeBr, CO„ and ethylone 
(Letts).—18. Bromo-acetic acid forms a colour¬ 
less liquid which if heated to 100 ® and allowed 
to cool solidifies. The product consists of at 
least two substances: one of these substances, 
(PEtaBr.O.CO.CH, ?), when treated with potash 
yields PEt,0 andKOAo; the other, which is per¬ 
haps PEtjH.O.CO.CHsBr, yields PEt, with KOH. 
The first compound is also formed when P£t,0 is 
treated with acetyl bromide (Letts, Tr. E. 30, 
285). 

Salts. — The hydrochloride, hydro¬ 
bromide,«bydroiodido, sulphate, and ni¬ 
trate are crystalline but extremely deliquescent. 
—(PEt,Hl),Znl 2 : tablets.—(PEt,).,H,PtCl,: crys¬ 
talline, si. sol. cold water, in sol. alcohol and ether. 
By boiling PEt, with aqueous platinic chloride 
there are formed two isomeric compounds of tHe 
formula (PEt,),PtO]f, a white substance inaol. 
ether, and a yellow substance orvstallising from 
ether in prisms [150®]. Th^ yellow substance is 
insol. water, and is converted into itk isomeride 
by heating wlUi alcohol at 100®. When boiled 
with water and PEt, it forms (PBt|) 4 PtCl, (Ca- 
hours a. Gal, Z. 1870, 860,437).—(PEt,),PdOV 
-(PEg 4 Pt 2 Cl,,-(PEt,) 4 PtCl,Au 2 pi,.- 
(PEt 3 ) 2 AuGl. 

Tri-ethyl-phosphind oxide PEt,0. Mol. w. 
134. [44®] (H.); [63®] (P.). (248® uncor.). 

Y.D. 4>60 (calc. 4*66). 

Forviation.-^l. From PEt, by atmosphwio 
oxidation or by gently heating it with HgO or 
AgjO (Gahours a. Hofmann, A. 104,18).—2. By 
distilling PEtpH, the other product being I 


eth^e.—3. By decomposing (PEt 4 Cl) 2 ZnCLwith 
solid KOH and a little water (Pebal, A. 120, 


ing the product with alcohol. The residue is 
evaporated and diatillsd with KOH (4 pts.) (Crafts 
a. Silva, Z. 1871,359; cf. Carius, A. 136,187). 
When PI, (1 mol.) is heated with EtI (8 mois.) 
iodine is given off, and a body is left which when 
treated with solid KOH yields P£t,0 on distilla¬ 
tion (Emmerton, Am. 4,9). 

Properti^. — Slender white deliquescent 
needles. Dissolves in all proportions in water 
and alcohol, less sd. ether. Very slightly vola¬ 
tile with steam. Separates as a liquid when 
solid KOH is added to its aqueous solution, or 
when ether is added to its alcoholic solution. 
Converted by HBr into PEtjBr,, and by HI into 
PEt,!,. It is not affected by H^S or by halogens. 
It forms crystalline compounds with some me¬ 
tallic salts: (PEt, 0 ),CuS 04 • deliquescent, four- 
sided, green prisms jPebal).—(PEt,0)2Znl2; 
[99®]; crystalline pp. which, when crystallised 
from alcohol, forms monoclinic crystals: axh'.t 
-•905:1: *331; ^-83® 13'. 

Tri-ethyl-phosphine oxy-chloride (PE t,),OCl,. 
By passing dry HCl over fused PEt,0 shining 
crystals are formed, which are dissolvedinHClAq 
and the solution is then evaporated (Hofmann). 
Very deliquescent crystalline mass, sol. water 
and alcohol, insol. ether. The solution treated 
with platinic chloride in saturated alcoholic solu¬ 
tion yields (PjEt, 0 ,Cl 4 ),PtCl 4 , which o^stallises 
from alcohol in large orange monoclinic prisms; 
a:6:c »-631:l:l*578; /3-73®42' (Hofmann, Tr. 
1860,419).—(PEt,)20Cl2ZnCl2: transparent octa- 
hedra, sol. water and alcohol. By the action of 
HGl on PEt,0 Crafts a. Silva obtained a com¬ 
pound PEt 3 (OH)Ci [128®]. 

Tri-ethyi.phosphine sulphide PEt,S. [94®]. 

Eormation.—l. By adding flowers of sulphur 
loan ethereal solution of PEt, l after evapora¬ 
ting the ether the residue is heated with boiling 
water which dissolves P£t,S only, depositing it 
in crystals on cooling.—2. By distilling PEt, 
with cinnabar.—4. By decomposing PEt,OS, 
with water or AggO.—5. By the action of mer¬ 
captan on PEt, in presence of air. 

Properfiss.—Long hexagonal needles (from 
water); a:c«=l: *821. Sol. water, v. sol. alcohol 
and ether, v. e. sol. CS,* Yolii^ile with steam. 
Decomposed by sodium giving Na..S and PEt,. 
It may be separated from its aqueous solution by 
KOH. Its aqueous solution is neutral to litmus, 
but it dissolves more readily in HGlAq than in 
water, and the solution gives an unstable yellow 
pp. with platinic chloride. The aqueous solution 
is not affected by boiling aqueous lead acetate or 
AgKO, or by HgO, but these substances become 
Bi^pUdes when added to its alcoholic solution. 

Tri-othyi-phosphine seleaide PEt,Se. [112®]. 
From PEt, and selenium. Crystallises from 
water, bat turns red air. 

Tetra-ethyl-phosphonlum o8ttipoaadi. 
PEt 4 (OH). When PEt,! is digested with water 
and Ag,6 there is formed a strongly alkaline 
bitter solution, which dries up over H^SO, to an 
extremely deliquescent orystalHne mass. This 
solid hymroxide absorbs GO, with avidity. Its so¬ 
lution behaves like KOH towards solutions of me- 
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tallic mlta; alan^ uul line hydrate, howsTer, 
dissolve lees readily in excess of PEt,OHthanin 
KOHAq. PEt.OH is spKt up by heat into PEtjO 
and efisne.—(PEyjSO,; split ap by heat into 
PB^S, Pii’tjO, and charred products. Chlorine 
at 180“ forms (PBy,SChCl„ a yellow body 
(Masson a. Kirkland, O.J- 88, 183). Bromine 
vapour at 110“ gives (PEt,)jSO,Br,j aud 
(PEt,),80,Brr—(PEtJjCO,: resolved by heat 
into PEtj, FEt,0, di-ethyl.ketone, G,H,„ and 
COr—PEt.Ol: deUquesoent. Resolved by heat 
into C^. and PEt,HO (Letts a. Collie, C. J. 
Pros. 2,164).—PEtjCl,: deliquescent; decom¬ 
posed by water,tonning PEt,Cl (Masson a. Kirk¬ 
land, 0. /. 86,132).—PEt,\iCl,: yellow needles 
(fromwater).-(PEtiOlljPtCl,: regular ootahcdra 
(from water) j si. sol. boiling water, insol. alcohol 
and ether.—(PEt,Cl),2BiCl,; six-sided tables 
(Jargensen, J. pr. [2] 3, 345).—(PEt,Cl) 2 ZnCl..: 
from ZnEt, by gradual addition o' POCl, fol¬ 
lowed by water (Pebal, A, 120,198); colourless 
dimetric crystals, permanent in the air and v. 
sol. water. — (PEt,Br),2BiBr, (J.). - PEt,Br,: 
formed by evaporating an alcoholic solution of 
the following salt. Red crystals.—PEt,Cr,: from 
PEt.Br and bromine vapour at 110“. Violet 
crystals (M. a. K.).—PEt,ICl,.-PEt,IBr,.- 
PEt,IBr.,.—PEtjI: formed with great violence 
when PEt, and EtI are mixed. Rhombo- 
hedra, isomorphous with Agl. V. sol. water, 
m. sol. alcohol, insol. ether. The aqueous solu- 
*tion crystallises on addition of KOHAq in which 
it is but slightly soluble. It is not decomposed 
by KOHAq.—(PEt,IljZnIj: crystals; formed by 
heating crystaulised phosphide of zinc with EtI 
at 176“ (Cahours, A. 112, 228; 122, 192).— 
PEt,I,; [67“]; brown plates (Jorgensen, Z.1871, 
770).—PEt|lTlI, (Jorgensen, X pr. [2] 6,82).— 
(PEt,I),2BiCl,—(PEt,I),2BiI,: brick-red crystals 
(J.). The acetate is resolved by heat into 
PEtjO, methyl ethyl ketone, C,H„ CH„and CO,. 
The benzoate is resolved by beat into PEt,0, 
phenyl etbyl„ ketone, and benzene (Letts a. 
Collie). ^ 

Tri.ethyl-phosphine metbylo-iodide 
PEt,MeL From PEt, and Mel. Gives rise to 
PEtjMeOH, to (PEt,MeCl)jPtCl„ and also to 
PELMeCl which decomposes above 300“ into 
ethrfene and PEt,MeHCl (ColUe, C. J. 53, 714). 

ni-ethyl-phosphine chloro.methylo.chloride 
Et,P(OH,Cl)Cl. Formed by treating PEt, (1 
mol.) wi& methylene chloride (1 mol.). Further 
treatment with PEt, gives CH.,(PEt,Cl)„ which 
is decomposed by water into PEt,MeCl and 
PEt,0 (Hofmann, Pr. 11, 290). 

Iri-ethyl-pbosphlne iodo-methylc-iodide 
Et,P(Cl^)L Formed in like manner from 
PEt, wu methylene iodide (Hofmann, Pr. 10, 
613). Hoist Ag,0 gives Et,P(CHJ)OH whence 
(Et,P(CBy)Cl),Pt01,. 

Tfi-etbyl-phosphine allylo-iedide PEt,C,H,I. 
From PEt, and allyl iodide (Hofmann, Tr. 
1860,442). Splendid ne^es. Successive treat¬ 
ment with moist Ag^ and hydrogen sulpho- 
cyanide gives PEt,(^H,SCy which crystallises 
with difficulty. 

Iri-ethyl-phosphine prcpylo-eUoride 
PEt,PrCl. Split up by heat into Et,PrPH01 
and ethylene (Collie, C. J. 83,7141. 

Tii-ethyl-phoiphine isoamylo-iodids 
FEt,0,HuL From PEt, and isoamyl iodide 


in ethereal solution. Pnrifisd by solution In 
alcohol and ppn. by ether. CUves witt moist 
Ag,0 a hydroxide which on distillation appears 
to give ethane and di-ethyl-amyl-phosphino 
oxide. With HCl and PtOI, the hydroxide gives 
prisms of (PEt,0,H||Cl),Pt01„ si. sol. water, 
insol. alcohol, and ether. 

Benzylo-cMoride PEt,0,H,Cl. [178“]. 
Needles. Formed by heating PEt, with benzyl 
chloride at 130“ in presence of alcohol. Above 
300“ it* splits up into C,H,PEt,HCI and C,H, 
(Collie, C. X 63, 714). The benzyl-di-ethyl- 
phosphine C,H,PEt, so obtained boils about 
253“ end forms a crystalline oxide C,H,PEt,0 
[330“] and sulphide C,H,PEt,S [95“] (300“-810“). 
Bytreatmentof PEt|C,H,01 with Ag,0,a8trongly 
alkaline solution of PEtjC,H,(CH) is obtained. 
This base gives a very deliquescent crystalline 
iodide and a sparingly sol uble p 1 a t i n 0 c h 1 0 r i d e 

(PEt,C,H,Cl),PtCl,. The base PEt,C,H,(OH) is 
split up by heat into toluene and PEt ,0 (Collie, 
P. if. 24, 27). The hydroxide does not form a 
normal carbonate, but it forma an acid car¬ 
bonate which is split up by heat into toluene 
CO. and PEt,0. The sulphate on distillation 
gives PEtjO, SO.,, and PhCH,.CU,Ph. The 
bromide gives on distillation HBr, PEt,HBr, 
PEt,C,H,HBr, acetylene, Ac. The acetate 
gives PEtjO, methyl benzyl ketone, PEt,, and 
benzyl acetate. The oxalate gives PEt,0, 
toluene, CO, and CO. 

Tri-ethyl-phosphiue bromo-ethylo-bromide 
Et,P(CH,,.CHllr)Br. [235“]. Produced, together 
with C,H’,(PEt,Br)„ by adding ethylene bromide 
to PEt, mixed with twice its volume of ether 
until the liquid no longer gives with CS, the red 
crystals of PEt,CS,. The two products are 
separated by crystallisation from alcohol in 
which C,H,(PEt,Br); is much the mote soluble. 
White uiictuous elongated rhombic dodecahedra; 
v. sol. water, m. sol. alcohol. It gives off UBr 
when heated. 

Beactions. —1. Silver salts added to its cold 
solution throw down only half the bromine as 
AgBr; on continued boiling the whole of the 
bromine is ppd. with formation of salts of vinyl- 
tri-ethyl-phosphonium. —2. Moist Ag,0 forms a 
solution of Et,P(C,H,OH)(OH). -J. Pofosft has 
no action in the cold.—4. Zinc , and dilute 
H.,SO, form PEt,Br.—6. It unites with PMe, 
forming C.,H,(PEt,Br)(PMe,Br).—6. PEt, gives 
C,,H,(PEt,Br),. — 7. Ammonia gives rise to 
C,H,(PEtjBr)(NH,Br);c%fomme,tficf%loOT«M!. 
and trimethylamins act in like manner.— 
8. Triethylamine when pure has no action at 
100“; but in presence of moist alcohol it forms 
PEt,(C,H,OH)Br and NEt,HBr. 

Tri-ethyl-phosphine bromo-sthylo-chicride 
Et,P(CH.,.C^r)Cl. From the preceding and 
AgCl. Crystallises with difficulty, v. sol. water 
and alcohol. Et,P(CJH,Br)ClAuCii: lightyellow 
needles (from boiling water; si. sol. cold water).— 
{Et,P(C,H,Bf)ClJ,PtCl,; longmonoclinio orange- 
yellow prisms; a:6:c='9C9:i:'058. May be re- 
crystallised from boiling water. 

Tri-ethyl-phosphine bromc-ethylo-iodida 
Et,P(CH,.CHir)I. Scales, si. sol. cold water. 
Obtained by^composing the sulphate by B^ 
The sulphate obtained bom the tnomide 
by AggSO, forms long white needles. The 



ethyl-phosphine. 


w 


Moist AgjO fonns PEt,Me(OH) and PEt,0 (Hof¬ 
mann, 10, 189 1 11, 290).—14. Ohioro/onn 
or COI 4 give 0H(PBt3),Cl,.—15. By dropping 
PEtj upon cooled chloro-aoitic acid in a vessel 
full of hvdrogenthere is formedEt,PCl,CH 2 .COjH 
‘ the hydrochloride of phosphorus betaine ’ (Letts, 
Tr. E. 80, 286; Pr.E. 11,40), This compound 
crystallises from ether in colourless needles, it 
has an acid reaction, and its platinoohloride 
forms thick light orange needles. The com¬ 
pound EtiPOl.CH^GOjH splits up at 14o° into 
CO, and PEt,MeCl. Solid KOH gives PEtgO 
and potassium acetate. Moist Ag,0 forms 
£t,P( 0 H).C£[ 2 .C 02 H which, when dried over 
P 3 O 3 in uocwo, becomes Et,P<;^Q^Jp>CO, a very 
deliquescent neutral substance. HBr converts 
it into Et,PBr.GB[ 2 .CO,H, which forms dimetric 
plates (from alcohol and ether). It is split up 
by heat into CO, and PEtjMeBr. HI converts 
Et,P(OH).OH 2 .CO,H into very deliquescent 
granular crystals of the acid Et,PI.CHyCO,H. 
PEtaCl.CH 2 . 00 ,H is converted by Ag 2 S 04 into a 
very deliquescent sulphate which is spHt up by 
heat into GO, and (PEt 3 Me)aS 04 .—16. PEt, 
mixed with an equimolecular quantity of cooled 
chloro - acetic ether forms very deliquescent 
PEt,Cl.CH 3 .C 02 Et which melts below 190®, and 
at a higher temperature is split up into PEtgMeCl, 
CO,, and ethylone. It forms a crystalline platino- 
chloride, and is converted by moist AgjO into 

EtjPc^Q^^O, alcohol, PEt,0, and acetic ether. 

Solid EOH forms PEtjO, acetic ether, and KGl 
(Letts, Tr, E. 80, 285).—17. Bromo-acetic ether 
forms in like fanner an extremely deliquescent 
compound which melts below 100 ®, and is split 
up by heat into PEtjMeBr, CO„ and ethylone 
(Letts).—18. Bromo-acetic acid forms a colour¬ 
less liquid which if heated to 100 ® and allowed 
to cool solidifies. The product consists of at 
least two substances: one of these substances, 
(PEtaBr.O.CO.CH, ?), when treated with potash 
yields PEt,0 andKOAo; the other, which is per¬ 
haps PEtjH.O.CO.CHsBr, yields PEt, with KOH. 
The first compound is also formed when P£t,0 is 
treated with acetyl bromide (Letts, Tr. E. 30, 
285). 

Salts. — The hydrochloride, hydro¬ 
bromide,«bydroiodido, sulphate, and ni¬ 
trate are crystalline but extremely deliquescent. 
—(PEt,Hl),Znl 2 : tablets.—(PEt,).,H,PtCl,: crys¬ 
talline, si. sol. cold water, in sol. alcohol and ether. 
By boiling PEt, with aqueous platinic chloride 
there are formed two isomeric compounds of tHe 
formula (PEt,),PtO]f, a white substance inaol. 
ether, and a yellow substance orvstallising from 
ether in prisms [150®]. Th^ yellow substance is 
insol. water, and is converted into itk isomeride 
by heating wlUi alcohol at 100®. When boiled 
with water and PEt, it forms (PBt|) 4 PtCl, (Ca- 
hours a. Gal, Z. 1870, 860,437).—(PEt,),PdOV 
-(PEg 4 Pt 2 Cl,,-(PEt,) 4 PtCl,Au 2 pi,.- 
(PEt 3 ) 2 AuGl. 

Tri-ethyl-phosphind oxide PEt,0. Mol. w. 
134. [44®] (H.); [63®] (P.). (248® uncor.). 

Y.D. 4>60 (calc. 4*66). 

Forviation.-^l. From PEt, by atmosphwio 
oxidation or by gently heating it with HgO or 
AgjO (Gahours a. Hofmann, A. 104,18).—2. By 
distilling PEtpH, the other product being I 


eth^e.—3. By decomposing (PEt 401 ) 2 ZnCLwith 
solid KOH and a little water (Pebal, A. 120, 


ing the product with alcohol. The residue is 
evaporated and diatillsd with KOH (4 pts.) (Crafts 
a. Silva, Z. 1871,359; cf. Carius, A. 136,187). 
When PI, (1 mol.) is heated with EtI (8 mois.) 
iodine is given off, and a body is left which when 
treated with solid KOH yields P£t,0 on distilla¬ 
tion (Emmerton, Am. 4,9). 

Properti^. — Slender white deliquescent 
needles. Dissolves in all proportions in water 
and alcohol, less sd. ether. Very slightly vola¬ 
tile with steam. Separates as a liquid when 
solid KOH is added to its aqueous solution, or 
when ether is added to its alcoholic solution. 
Converted by HBr into PEtjBr,, and by HI into 
PEt,!,. It is not affected by H^S or by halogens. 
It forms crystalline compounds with some me¬ 
tallic salts: (PEt, 0 ),CuS 04 • deliquescent, four- 
sided, green prisms jPebal).—(PEt,0)2Znl2; 
[99®]; crystalline pp. which, when crystallised 
from alcohol, forms monoclinic crystals: axh'.t 
-•905:1: *331; ^-83® 13'. 

Tri-ethyl-phosphine oxy-chloride (PE t,),OCl,. 
By passing dry HCl over fused PEt,0 shining 
crystals are formed, which are dissolvedinHClAq 
and the solution is then evaporated (Hofmann). 
Very deliquescent crystalline mass, sol. water 
and alcohol, insol. ether. The solution treated 
with platinic chloride in saturated alcoholic solu¬ 
tion yields (PjEt, 0 ,Cl 4 ),PtCl 4 , which o^stallises 
from alcohol in large orange monoclinic prisms; 
a:6:c »-631:l:l*578; /3-73®42' (Hofmann, Tr. 
1860,419).—(PEt,)20Cl2ZnCl2: transparent octa- 
hedra, sol. water and alcohol. By the action of 
HGl on PEt,0 Crafts a. Silva obtained a com¬ 
pound PEt 3 (OH)Ci [128®]. 

Tri-ethyi.phosphine sulphide PEt,S. [94®]. 

Eormation.—l. By adding flowers of sulphur 
loan ethereal solution of PEt, l after evapora¬ 
ting the ether the residue is heated with boiling 
water which dissolves P£t,S only, depositing it 
in crystals on cooling.—2. By distilling PEt, 
with cinnabar.—4. By decomposing PEt,OS, 
with water or AggO.—5. By the action of mer¬ 
captan on PEt, in presence of air. 

Properfiss.—Long hexagonal needles (from 
water); a:c«=l: *821. Sol. water, v. sol. alcohol 
and ether, v. e. sol. CS,* Yolii^ile with steam. 
Decomposed by sodium giving Na..S and PEt,. 
It may be separated from its aqueous solution by 
KOH. Its aqueous solution is neutral to litmus, 
but it dissolves more readily in HGlAq than in 
water, and the solution gives an unstable yellow 
pp. with platinic chloride. The aqueous solution 
is not affected by boiling aqueous lead acetate or 
AgKO, or by HgO, but these substances become 
Bi^pUdes when added to its alcoholic solution. 

Tri-othyi-phosphine seleaide PEt,Se. [112®]. 
From PEt, and selenium. Crystallises from 
water, bat turns red air. 

Tetra-ethyl-phosphonlum o8ttipoaadi. 
PEt 4 (OH). When PEt,! is digested with water 
and Ag,6 there is formed a strongly alkaline 
bitter solution, which dries up over H^SO, to an 
extremely deliquescent orystalHne mass. This 
solid hymroxide absorbs GO, with avidity. Its so¬ 
lution behaves like KOH towards solutions of me- 



sia 



ETETL-FEOlPEOBOtrS AOIB v, Etbu 
fhosfhzxxs. 

M-ETHYL.PHTHAUBS W<Oo‘’> 

[82°]. Formad by adding ZnEt, to phthalyl 
ehloride mixed with benzene (Wiachin, 4.143, 
260 i FtiedlSndcr, Z. K. 6,690; V. Meyer, B. 17, 
818). Large dmetrio orystala (from ether). 
Ineol. water, v. e. eol. alcohol and ether. Does 
not react with KHSO, or hydroxylamino. 

ETSYl-PHTEALiMIDB V. Mhylimide of 
Fbthxlio aois. 

KTHn-PHTHAUKIDYt-BEHZYI. ie de¬ 
scribed as BESZTUnaSB-rHIHiliSTHILIMIMNE. 

a-KIH'n.-HOMO-o-PHIEAIOHITBn.E v. 
o-CrANo-PHENXii-aoT'rBomiaii*. 

BIHTl-PICEAMIDE v. Tm-NirEO-ETan.- 


unuNE. 

ETHTt-PIPEBIDINE v. ETHXi-riBiMSB 

HEZlHtDBISE. 

ETHYL PEOPAEOYl OXIDE v. PaoriBOXii 

410OH0L. _ 

ETHTL-ISO-PKOPEHYt-OXIDE C,H„0 t.«. 
Et.O.C,H,. (63°). S.O.!!-79; 32.769. Formed 
by heating propylene bromide and alcoholio 
potash in sealed tubes to 170° or by treating 
propinene Me,C^CH in the same way (Faworsky, 
J. pr. [2] 37, 633). Colourless mobile liquid. 
Yields on decomposition with da. H,SO, ethyl 
alcohol and acetone. 

ETHYL-PKOPIOHYL-PEOPIONIC ACID. 
Methyl ether C,H|,0, ».«. 

CH,.CHj.CO.CMeEt.CO,Me. 

(208°). From methyl-propionyl-propionate, 
EtI, and NaOEt at 100° (Pingel, A. 246, 84). 

ETHYL-PBOPIONYL-DEEA ev Propionyl de¬ 
rivative of ETHTt-tJBEi. 

EIHYL-PEOPYL ACETAL. Described under 
ALDEntna. 

ETHYL-PEOPYL-AOETIO ACID V. HErxoio 

ACID. 

ETHYL-PBOPYL.ACEXYLEKE «. Hbf- 

TINBNE. 

DIETHYL-PEOPYL-ALKINE v. Bi-fcTHTL- 

OXTPBOPXn-iKISE. 

TEI-ETHSL-PBOPYL-AMMOHimit IODIDE 
C,H„NI i.e. NBt,PpL From NEt, and PrI 
(Mendius, A. 121,136). Needles.—B',E[,Pt01,: 
ootahedra. 

ETHYL-PEOPYL-AHILIIIE t,H..NEtPr. 
[216° uncor.) Liquid. Formed by the action of 
ethyl bromide upon propyl-anUine, or of propyl 
bromide upon ethyl-aniline.—B'HCl: crystals, 
''181° uncor.] (Claus a. Hirzel, S. 19, 2787). 
Methylo • iodide v. Propylo-iodide of 

HeTHTL-BTHTL'ANILIK*. 

ethyl-peopyl-benzene 
[ 8:l]O.H.(CyH,)Et (194°). S.O. w-8588. V.D. 
5*87. Occurs in r^in oil (^nard, C, B, 97» 
328). ffives isophthalio acid on oxidation. 
H.80, gives a sulphonio acid of which the Ba 
salt (0,,H„SO,)jBa aq crystallises in plates. 

EraYL-t&OPYL.OABBIHOL ». Hbxtl 
IMOHO l. ., . „ 

Ethyl-dl-pnpyl-earbinol v. Emm suoaozi. 
XTHYL-PBOPYL-OABBOHATE 
(0JB[.0).00.(00,H,). (146° cor.). 8.0. 
OoWless liquid. Formed by adding AlOl, to 
a mixture of propyl alcohol and ethyl ohloto- 
formate (Pawle ww, B. 17,1606). 
BX^PBOntiXlfB V. AEvwn 



XTHYXi PB0P7L ETHER v* Btbtl fsoftl 

|)XU>S._ 

»I.lTHTIr-PROPTIi.OLYCOLLIEE v. Di- 

ETHTIi*®I*OXY?SOFIL*A1I1KE. 

mYL-PaOPYl-GIiYOmiHE 

FormaUon,—h From di-propyl-oxamide by 
the action oi PCI,, the resnlting cbIoro>ethyl< 
propyl-glyoxaline (v. p. 66) being reduced by HI 
and phosphorus (Wallach, 214,314; B. 14, 
423).—2. By the action of propyl bromide on 
secondary (para)-ethyl-glyoxaline B'^CljPtCl, 
(Wallach, B. 16,543; Badziszewski, B. 16,491). 

Properties.—Liquid, with narcotic smell; 
miscible with water. Its zino*doubl6 salt dis< 
tilled with lime yields NE„ an olefine, pyrrol, 
and a basic liquid (c. 253°). 

Salts. — orange lamin®,— 

B'jHjZnCl,; [92°]; prisms. 

Methylo-compounds B'Mel: needles, sol. 
wator.—B'jMejPtCl,; plates, 

EthyLisopropyl-glyoxaline 0,H,(0^H,)Nj. 
OxaUelhyl-butyline. (220°). S.G. 12 ’959 
(Bieger, Jlf. 9, 607). 

DI-ETHYL PROPYLIDEHE DI8DLPH0HE 
CMea(S02Et)2. Sul/onal. Di-ethyl-sulphmie- 
di-methyl-metliane. Propane disulphinic ether. 
[126°]. (o. 300°). 8.1 m the cold; 6 at 100°. 

Preparation. —1. By action of sodium on a 
benzene solution of ethylidene-di-ethyl-sulphone 
previously mixed with methyl iodide.—2. By 
boiling an alcoholic solution of ethylidene-di- 
ethyl-sulphone with methyl iodide and alcoholic 
potash.—8. treating EtS-SOj-OH with ace¬ 

tone and HGl, the product CMo 2 (SEt )2 being oxi¬ 
dised by KMnO, (Baumann, B. 19, 2808). 

Properties .—Thick prisms; si. sol. cold water 
and alcohol; m. sol. hot water. Used as a sopo¬ 
rific, being said to have no concomitant effects. 
Does not evolve hydrogen when sodium is added 
to its benzene solution (E. Fromm, B. 21,187). 

ETHYL n-PROPYL KETONE C.H.jO i.e. 
Et.CO.Pr. Mol. w. 100. (o. 123°). 8.G. Hi* 
•818. 

Formation, —1. Occurs among the products 
of the distillation of calcium butyrate (Friedel, 
A. 108, 125).—2. From butyryl chloride and 
ZnEt, followed by water (Butlerow, Bl. [2] 6,17). 
3. By distilling a mixture of calcium propionate 
and calcium butyrate (Volker, B, 8,1019). 

Properties. —Liquid. Does not unite with 
NaHSOyin the cold, but on heating the mixture 
and allowing it to cool a crystalline compound 
is formed, which is resolved by water into its 
.constituents. Chromio acid mixture gives only 
propionio acid according to Popoff (^. 161,285), 
but Wagner {J, B, 16, 660) obtained acetic and 
butyric adds iJso. Sodium amalgam reduces it 
to a secondary hexyl alcohol and a pinaoone 
CijHa-O,. Zinc and Mel forms CMeEtPrOH 
(140°) (Sokoloff, J. B. 1887,587).# 

Ethyl isopropyl ketone Et.CO.Pr. (118°) 
(P.); (114°) at 745 mm. (W.). S.G. §-880; 
V**814 (W.). From isobutyryl chloride and 
ZnEt^^utlerow, A, 189, 44; Pawloff, J, B. 8, 
242; Wagner, /. B. 16, 697). Liquid. Does 
not combine with NaHSOg. Gives, on oxidation 
by chromic acid, propionio, acetic, and igobutyric 
acids (W.)* 


ohm 0A.0 U EtO.Pr. 

s.v.i27’i. o%. 

W 1-8740 (B.). 42-88 

iemjeraturt 238° (P&wUwsW,B. 
16, 2634) Formed b, dUtiVling a miitoe ot 
ethyl alcohol and pnmyl sdoohol -with H,80,i 
EtjO being also lonned (Norton a. Prescott, Am. 
6,246). Also faomn.ptopyl bromide andNaOEt 
in alcohol, much propylene being giren ofl. 

Ethyl isopropyl oxide Et.O.Pr. (64°) (Mar- 
kownikofE, A. 138, 374); (48°) (E.). S.G. «-745 
(M.). Formed by heating isopropyl iodide 
(1 vol.), triethylamine (2 rols.), and alcohol 
(4 vols.) at 160° (Reboul, J. 1881, 409). Dilute 
H,SO, at 150° splits it up into EtOH and iso¬ 
propyl alcohol (Eltekoff, Bn. 1, 298). 

DI-ETHYI-PBOPYI-PHOSPHINE PEtPr. 
(146°-149°). From PEt,PrCl, by distilling and 
treating thofiroduot with NaOHAq (Collie, 0. J, 
63, 721). 

ETHYL - PROPYL. PIHACONE «. Di-oxi- 

DODECANIt. 


{Py. 2:3) - ETHYL . PROPYL - OTINOLINE 
.CH:C(0^J 

C,H,<r I . (291° at 720 mm.). Pro- 
\n : C(C,H,) 

pared by slowly adding M-butyrio aldehyde 
(100 g.) to a cooled mixture of aniUne (60 g.) and 
f nming HCl (120 g.). Colourless liquid. Vola¬ 
tile with steam. V. sol. alcohol, ether, &o., 
nearly insoL water. On oxidation with OrO, it 
gives {Py. 2).ethyl-qmnoline.(Py. 3)-carboxylio 
acid. 

Salts.—B'HClOaq: flat triclinio tables.— 
B'HNO,aq: long white needles. — B'H,SO,: 
easilysolnble concentrio needles.—B'sHaCljPtCi,: 
yellow needles, sol. hot, insol. cold, water.— 
B'jH,Cr,0,: long orange-yellow needles.— 
B'C.H,(N0J,0H: [163°]; glistening yellow 
plates or needles, sol. hot water and hot alcohol, 
very sparingly sol. cold alcohol, insoL cold 
water. 

Methylo-iodide BMelaq; [172^); yeBow 
needles; v. sol. water and alcohol, insoL ether, 
—(B'MeCl),PtCl,: orange-yellow needles (Kahn, 
B. 18, 3361). 

ETHYL-FBOPYL-DI-THIO.CABBOHATR 
EtBTIi casbonatxs. 

(y). or {Py. 1)-ETHYL.PYHIDIHE , 
,OH=OH • 

Et.CC >N. (166°). S.G. S -9622; is -9368. 


Fonnatim.—By heating pmdine ethylo- 
iodide in sealed tubes to 320° and separating the 
{Py. 3). and (Py. Ij-isomerides by means of the 
platino-ohlorides or ferrooyanides. The salte of 
t)ie 1 base are least soluble (Ladenburg, A. 
247,18; of. B. 16,2059). 

Properties.—Unpleasant smelling liquid, iL 
sol. water. Yields on oxidation with perman¬ 
ganate isonicotinie aoifl [808°]. 

8altA-(dANHCl)i>tOl,:'[208°]; plates, 
si. sol. water.—B'HAuCl,: [138°]; golded-yel- 
low prisms.—^Piorate: [163°]; thin yeUdv 
neodfeB.-HUeronrio ohjloride double salt 
[160°]. According to d. do Coainok this bass 
(or the mixture of isomerides) oooqrs is epal-tqr 
iptidine(aB;98,236), 
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{«). or {Py. 8 )<IStliyl-p 7 ridiiLe 
vCu^OH 



* -9498. 

Pr^aration.—S g. of pyridine are heated for 
an hoar with 6 g. EtI to 820’^. Some ethyl* 
benzene is fomed. The" acid contents of the 
tube are distilled from a copper retort with 
steam. The residne is then supersaturated with 
NaOHi.q and distilled until the distillate is no 
longer alkaline. The base is then separated by 
means of solid EOH and fractionated. Purified 
by means of gold salt, which is decomposed by 
SH, (Ladenburg, .1.247.14). (Pj/. 1)- and (Py.3). 
ethyl pyridines cannot be sdjjaratea by fraction* 
ation. 

Properties.—Colourless liquid, si. sol. water, 
miscible with alcohol. It gives picolinio acid 
on oxidation. 

Salts.-0,HflNHCl)»PtCl,: [164=’]; orange- 
yelIowplate8.-C,H,N.HClAuCl,: [121®]; yellow 
plates, ▼. sol. water.—Picrate; 
B'.C,H,(NO,),OH. [110®]. 

(Py. l:8)-Di-ethyl-pyridine 
XH«C-Et 

EtCK >N. (188°). S.G.5-9338. Is 

\CH-CH 

formed, together with (Py. 1)- and (Py. 3)- ethyl 
pyridine by the action of EtI on pyridine (Laden- 
burg, A. 247, 48). Colourless liquid with a 
ve^ unpleasant odour, si. sol. water. It yields 
Intidinio acid [235®j on oxidation. 

Salt8.-(C,H„NHCl)^tCl,: [171®]; orange- 
•yellow prisms, si. sol. water. — Picrate: 
(%H„N.O,H,(NO,),OH: [100®]; prisms (from 
water), plates (from alcohol). 

(«). or (Py. 3)-ETHYL.PYEIDIHE HEXA- 
CH,-CH.Et 

HTDEIDE CHj<^ ]>NH. Ethyl-pi^ 
ca,-CE, 

dim. (14S°)..;8.G. -8674. Formed by reducing 
IPy. 8)-etliyl p^idine wUh sodium and alcohol 
(Ladenburg, A. 247, 70; B. 18, 2063). Liquid 
smelling of pyridine hexahydridc. 

BeacUom. —1. Forms with Mel a i'*methyl 
derivatiTe.—2. Br and NaOHAq convert it into 
a base oontaining 2H less (c/. B. 20,1645). 

SaUs.-(C,H,.N.HCl),PtCl.: [nS"]; plates 
m. soL water. 

(>)- or IPy.'^ l)-Ethyl-pyridiiie heiahydride. 
OHr-CH, 

Et.OH^ \nH. {y)-Ethyl-piperidim. 

(158°). S.G. 8 "SISO. Formed by reducing 
{Py. l)-ethyl pyridine with sodium and absolute 
alcohol (ladenbuig, A. 247, 72; cf. G.B. 98, 
616). Liquid with an unpleasant odour. More 
soluble in cold than in hot water. Its hydro¬ 
chloride acts physiologically like coniine 
(Filehne, B. 18,789J. 

Balt8.-(0,Jl,ilH01).I>tCl.: [174°]; oradge- 
eolourea plates, m. sol, water.—B'JElCLAnClf: 
[105°] ( golden-yellow plates sL sol. cold, t. 
■oL hot water. 

KefAFleno-d4-4od4de Formed 

by heating efliyl-piperidine with methylene- 
;i^d» It fonus sparingly soluble yellow plates. 


Only one I atom can be removed by Ag,0, et 
replaced by 01 by means of AgOl. 

The chloro-ittdide 0,H„KI01 is formed 
from the di-iodida by AgOl.—( 0 ,H,^I 01 )^t 0 l 4 : 
orange crystals.— (C,H„NICl)AuCl,: smtidl 
yellow crystals (Ladonburg, B. 14,1843). 

{Py. l,3)-Di-ethyl.pjTidine heiahydride 

(0.176°). S.G.8-8722. 


Formed^ by reducing (Py. l, 8 )-di-ethyl-pyridme 
with sodium and alcohol (Ladenburg, A. 247t 
97).-B',H3PtOI,. [174°]. 

CH«CH. 

ETHTI-PYBBOLE C.HnNi.e. 1 >NEt. 

ch=ch/ 

(131®). S.0. IS ‘ 888 . Prepared by the action 
of ethyl iodide on pyrrole potassium. Formed 
also by distilling neutral ethyl-ammonium 
inucate or saccharate (C. A. Bell, B. 9,935; 
Bell a. Lapper, B. 10,1962; cf. Lubavin, 2|,[2] 
5, 399). Formed also by distilling ethyl-fuo- 
cinimide with zinc-dust (Bell, B. 13, 878). 
Colourless liquid; insol. water, miscible with 
alcohol and other. Its vapour turns aci^fied 
pine-wood red. By long boiling with HCl it 
gives a red powder of the constitution Cj^HsgKjO) 
1165®-170®]. Potassium does not attack it. Its 
alcoholic solution gives a pp. with HgCl,. 


Tetra-hromo- derivative 
CEr^CBr. 

I [90°]. Colourless needles. 

CBr«=CBr/ 

Insol. water, sol. alcohol. Prepared by the 
action of Br on ethyl-pyrrole (Bell, B. 11,1810). 

Ethyl-pyrrole C,H*EtN? (1Q4®). Formed 
by adding ZnCl, (12 g.) to a mixture of pyrrole 
(50 g.) and paraldehyde (50 g.), the reaction 
beginning at once with evolution of beat 
(Dennstedt a. Zimmermann, B. 19, 2189). 
Colourless, but turns brown in air. Cono. HCl 

at 130® appears to give CHMe<[]Qg|Q^^NH. 


Acetyl derivative CgHjEt-NAo. (225°), 
Formed by boiling ethyl-pyrrole with Ac,0 and 
NaOAc. An isomeric acetyl derivative [47®] 
(250°) is formed at the same time. Benzoic 
aldehyde and potash converts the acetyl deriva¬ 
tive into C,H,Et.N.CO.CH:CHPh [150®].— 
C^H/gEtNAc. t 

ETHYL-PYBROLE-AZO- v. Azo- ooHPOtmns. 


ETHYI-PYBROLB CABBOXYLIC ACID 
CgHgEtN.COjH. [78*]. Formed by heating its 
ethylamido with alcoholic potash at 120® (Bell, 
B. 10, 1864). Slender silky needles (from hot 
water). Volatile with steam. Above 100® it 
splits up into CO* and ethyl-pyrrole. Boiling 
dilute HCl^ecomposes it in like manner. Fo,Cl, 
gives a red colour.—AgA': needles (from hot 
water). 

Ethylamide C^H^N^O i.e. 
O^HjEtN.OONHEt. Di-ethylcarhcpyrrolamide, 
[44^. (270°)9 Formed, together with ethyl- 
pyrrole and the diethylamide of ethyl-pyrrole di- 
carboxylio acid by heating ethylamine mucata 
in a paraffin-bath (Bell). Prisms (from water). 
Soluble in cono. HCUq without cnange; even 
boiling aqueous alkalis have little action, but it 
is saponified by alcoholic KOH at 125®. Bromine 
water gives a pp° of the txi-bromo- 
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SI3 


/CO.NHEt 

C.H„Br.N.O [121->] while 

OBHijBfjNjO, [197®] remains dissolved (Boll, B. 
11,1818). 

Ethyl'pyrrole dicarboxylio acid 
C<HsEtN(C 02 H) 2 . Obtained by heating its 
ethylamide with alcoholic potash at 180® (Bell). 
Needles (from dilute alcohol). Sublimes without 
melting at 250°, being partly split up into ethyl* 
pyrrole and CO,. Slowly split up in like manner 
by strong acids in the cold.—Ag.^": insol. 
water. 

Di-ethyl-di~amide CJLEtNiCONTIEt),. 
Tri-ethyl-dicarbopyrroJaviide. [280°]. Formed 
in small quantity by distillingethylamino mucato 
(Bell). Needles. Insol. wattSr, sol. cone. HClAq. 
May bo sublimed. Saponified by alcoholic, but 
not by aqueous, potash. 

ETHYL-QtJINALDINIC ACID v. Etuyl- 

Q9IN0LINE-(P|/. 3)-CAEBOXYTiia ACID. 

( 7 ). or (Py. 2).ETHYI.ftTnN0LINE 
GU'CEt 

0„H„N ».«. 0.h/ 'i . (273'>oor.) (Behcr, 
\ N:CH 

B. 20, 2734). Colourleaa retractive liquid. 
Formed by distillation o£ its {Py. 3)-carboxylio 
acid, CO, being evolved (Kahn, B. 18, 3370). 
Obtained also by reducing {Py. 8 , 2)-ohloco- 
othyl-quinoline with HI in aoetio acid (Baeyer a. 
Jackson, B. 13, 121); and, together with the 
following isomeride, by heating quinoline ctliylo- 
iodide at 280“ (Reher, B. 19, 2995). (lives 
cinchonio acid on oxidation. On reduction it 
yields a bass boiling at (271“-276°). 

Salts.—.The hydrochloride is T, sol, 
water and deliquescent.—BTINO,; [116“]; white 
needles.—B'HHgClj: [161“]; white needles, v. 
sol. dilute HClAq.—B'HAuCl,: slender yellow 
needles. — Chromate: red needles. — 
B'.H.OLPtCl,: [203“]; orange-yellow needles.— 
Piorate; [163“] (K.); [178“-186'>] (R.); lino 
yellow needles.—Zino double chloride: 
[195°]; ooneontrio needles (R.). 
Methylo-iodideB'M.cl. [149°]. 

(a)- or {Py. 3 )-Ethyl-qumoline C,H,NEt t.e. 
.CH:CH 


O.H,( 




I . (268° eor.). Formed by distil- 


Methylo-iodide B'Mel: [180°]; greenish- 
yellow needles (from alcohol). 

Bthyl(?)-iioqninolme 0„H„N probably 


C.H.< 


/ 


.0(Cjaj;OH 


. [65°]. (276° at 264 mm.). 


\ N.CEt 

ling (Pi/? 3)-ethyl quinoline {Py. l)-carboxylio 
acid with 6 times its weight of soda-limo 
(D 6 bner, -4. 242, 272 ; Eehor, B. 19, 2995; 20, 
2734). Formed also by heating quinoline ethyl- 
iodide (n. supra). . 

Properties.-Colourless hygrosoopio oil. SI. 
sol. water, v. sol. alcohol and ether. Gives 
quinoline {Py. 3 )-oarboxy[io (quinaldinio) acid 
on oxidation. May bo reduced by tin and HCl 
to a tetrahydrido (o. 201 °), which forms a 
crystalline hydrochloride. 

Salts.—The chloride, nitrate, and 
sulphate are v. sol. water. The chloride and 
nitrate are efflorescent. Theo9iromate ci^s* 
tallises in red needles.—(B'HCl),PtCl 4 2 aq: 
[189°]; orange-red needles or tables, si. sol. 
water.—B'HHgCit: [118®]; slender needles.-— 
B'HAua 4 : [U2“J; canary-yollow i^lca.— 
B' 2 H«SnCl 4 2 aq: crystaUine. — licrato 

: [U 8 °]; lemon-yellow needles 
(from alcohol) si. sol. water. 

Vou II. 


‘\CH-N 

Crystalline solid. Formed by complete de¬ 
chlorination of di-ohloro-ethyl(?)-iBoquinoline by 
heating with HI and P at 200^. 

Salt s.—B',H,Cl,PtCl 4 2 aq: orange-yellow 
flat needles.—B',H. 2 Cr, 0 ,: orange-red glistening 
needles (Gabriel, B, 20,1207). 

Di-ethyl-quinoUno 0,HjEt,N. (284° cor.). 
Obtained as a by-product in the ethylation of 
quinoline by heating its ethylo-iodide at 285° 
(Reher, B, 19, $995). Liquid, smelling like 
quinoline. On oxidation with chromic mixture 
it gives an acid [190°].—B',n,PtCl,: [217°]; 
orange-red needles, blackens before melting.— 
B'HHgCl,: [116°]; needles. 

Pe/erAtces.—B romo-, Chlobo, and Oxy- 

BTUYL-QDINOLINE. 

iPy. 2).ETHYL-QVIN0LINE-(Py. 8)-CABB. 

/CH:CEt 

OXYLIC ACID C,H/ | . (Py. 2)- 

\ N:C(CO,H) 

EthyUquinaldinie acid, [148°]. Glistening 
needles (containing ^aq). Sol. alcohol and hot 
water, si. sol. ether. Formed by oxidation of 
{Py. 2:3)-ethyl-propyl-qumoline with CrO, and 
On distillation it evolves CO, and gives 
(P«. 2)-ethyl-quinoline. 

Salts.-(A'H,HCl),PtCl,: fine needles.— 
Piorate: [158°]; fine yellow needles, si. sol. 
water and cold alcohol.—A'Ag: amorphous 
white pp., or very fine microscopic needles.— 
A'jCu: bluish-green microcrystalUne pp. (Kahn, 
B. 18, 8368). 

(Py. 3:l)-Ethyl-quinoUne carboxylic acid 
CaHaNEtCO^il. (Py. ^yEthyUinchonic acid, 
[173°]. 

Preparation.—PyrnviQ acid (70 g.) and pro¬ 
pionic aldehyde (50 g.) are dissolved in alcohol, 
and anilin (80 g.) is graduall*^ added, and the 
mixture heated on the water-bath with an in¬ 
verted condenser (Dubucr, A. 242, 270). 

Properties .—Needles or plates. V. sol. alco¬ 
hol, ether and hot water. Yields on heating 
with soda-lime (Py. 3)-ethyl-quinoline. 

Salts.—Chloride, nitrate, and sulphate 
are v. sol. water.—(B'HCl).iPtCl,aq: orange-yel¬ 
low needles, v. sol. water, si. sol. alcohol, insol. 
ether.- Ag.V: pp. v. si. sol. wdter. 

ETHYl-aUINOIINB TETEAHYDEIDE 
•CHpCII, 


C.H,. 




V. Qoikolime. An isomeride is 


'\NEt:(!!H, , . 

obtained by reducing {Py. 8 )- 6 thyI-qninolme 
(?• f •)• 

{Py. l)-ETHYL.ftlIIN0IIKB BUtPHOHIO 
ACID'C.H.EtN.SO.H.’ [above 816°]. Obtained 
by heating ( 7 )- or {Py. 1)- ethyl-qninolme with 
fuming H,SO, (10 pts.) at 260° ?Behm, B. 19, 
2095). Slender needles, insol. alcohol, T. «oL 
hot water. “ 

TRI-BTHYE-EOSAIHLINB o-TBi-aTm-isi- 

lMIDO-DI-PHBNYL-TOI*TL-OABBIHOL. 

MONO-BTHYL 8 ELENATE EtHSeO, i.$, 
BOa(OH)(OEt). An unstable acid obtained hr 
treating selcnic acid with alcohol (FabUm, A, 

LIi 



614 


ETHYL SELEiNAT’Jfl. 


SuppU I, 244).—SrAV tebles.—CuA'a 4a<i: 
plates. 

ETHYL gELENHYDEATE EtSeH. (above 
100°). A liquid formed according to Wdhler and 
Siemens (A. 61, 860) when KSeH is distilled with 
alcohol. It has a very disgusting odour, and its 
alcoholic solution gives a yellow pp. with HgCl,.' 

ETHYL 8 ELENIDEO^H„Sei.e.Et,ae, (108°), 
Prepared by digesting equivalent quantities of 
P, 8 e, and KEtSO^ with a small quantity of water 
at 50°, the product being fractionally distilled 
(Von Pieverfing, A. 185,331). Colourless mobile 
liquid, smelling like a hydrocarbon. Insol. 
water, miscible with alcohol and ether. Its solu¬ 
tion in dilute HNO, gives with HCl oily Et^ScCh 
whence aqueous ammonia^forms crystalline 
(Et,Se),OCij (Joy. A. 86 , 35). 

Eihylo-todide SeEt,I. Tri-ethyl-selonimn, 
iodide. Slowly formed by combination of SeKt, 
with EtI in the cold (P.), White crystals, stable 
in the air, v. e. sol. water and alconol, si. sol. 
ether. Sublimes between 80“ and 120°, being 
split up iuto SeEt, and EtI, which slowly recom¬ 
bine in the cold. 

EthylO’hydroxide SeEt,OH. Formed by 
treating’the ethylo-iodide with moist Ag.O. 
Powerful base, forming a syrupy solution which 
absorbs GO, with avidity. Its salts smell like 
leeks and, with exception of the tartrate, are very 
deliquescent. 

Aoidtartrate SeEt.,C^HjO„ 2aq: pale rose- 
red needles, v. e. sol. water, forming an acid so¬ 
lution.—Platinochloride ^SeEtJCl)^tCl^: 
red rhombohedra. Monoclinio according to 
Schimper(.?.£■.!,218).—Zincdouble chlor- , 
ide (SeEt,Gl),ZnCl,: from SeCl, and ZnEt, | 
(Rathke, A. 152,210). ' 

Ei-ethyl di-selenide Et^Se,. (186°). From 
KEtSO* and K^Se, (Rathke). Reddish-yellow 
liquid with highly disgusting smell. Its solution 
in dilute HNO, gives with HCl crystals of 
EtSeO.JI,Cl (?); these are v. sol. water, and are 
reduced by Et.Se,. 

ETHYL DI-SfeLEHO-PHOSPHATE 
CjH,,PO,Se i.6, Et,PO,Se,. An oil obtained by 
treating P,Se, with alcohol (Carius, A. 124, 57). 
Slowly decomposed by water. 

ETHYL SILICATE Et,SiO,. (350°). S.G. 
** 1‘079. Formed, according to Ebelmen {A. 57, 
831), together with Et^SijO^ by treating SiCl^ 
with wet alcohol. Slowly saponified by water. 
Friedel and Crafts {A. Ch.[i] 9, 5) could not ob¬ 
tain this ether, but found instead Et^^Si^O, (125°- 
180° w noctto). V.D. 12 03 (calc. 1186). S.G. 2 
1*0196; i* 1*0119. The ether Et„Si,0, is also 
formed by treating SiOCl, with alcohol (Friedel 
a. Ladenburg, A. 147, 362); it is converted by 
gaseous HH, into EtjSijOgINH,) (280° in vacuo) 
and Et| 8 i 20 ,(NH ,)2 (liroost a.Hautefeuille, A. Ch. 
[ 6 ] 7,472). 

Ethyl ortho-silicate CgHjnSiO, i.e. Et^SiO^. 
SUicic ether. (166°). S.G. ^ *933 (E.); *968 
(Friedel a. Crafts, A. CA^[4] 9, 6 ). V.D. 7*32 
(oalo. 7*21). Formed by pouring absolute 41- 
oohol upon SiCff and distilling the product 
(Ebelmen, A. 57. 331). Also from alcohol and 
SiF^ (Knop a. Wolf, C. C. 1861,899). Colourless 
liquid, with ethereal odour. Burns with dazzling 
flame. Insol. water, out slowly de(M>mposed by 
it with separation of silica. Amnaonia and aque¬ 


ous alkalis dissolve it. Ac,0 at 160° gives 
(BtO) 2 SiOAo (0.190°). 

Chloride OlSi(OBt),. (157°). « 1*0488. 
V.D. 7*06 (oalo. 6*81). Formed by heating SiOl, 
(1 mol.) with £t 4 Si 04 (8 mols.) at 150°; by beat¬ 
ing Et 4 Si 04 (1 mol.) with AcOl (1 mol.) at 175°; 
or by distilling Et 4 Si 04 with PCI,. Limpid 
liquid; does not fume in the air, but is quickly 
decomposed by moist air or water yielding HOI 
and silica. 

DicA/ort(f«Cl 2 Si(OEt) 2 . (137°). S.G.21‘144. 
V.D. 6*7fe (oalo. 6*65). From Et.SiOi (1 mol.) 
and SiCl 4 (1 mol.). Formed also by neating 
ClSi(OEt), (1 mol.) with SiClf (2 mols.) and dis¬ 
tilling. Liquid resembling the preceding. 

Trichloride Cl 3 Si(OEt). (104°). S.G. e 
1*291. V.D. 6*38 (calc. 6*22). Formed by heat¬ 
ing Et 4 Si 04 or cither of the preceding chlorides 
with excess of SiCl, for a long time. Liquid. 

I Octo-ethyl tetra-silicate EtgSi 40 , 2 . (270°- 
290°). S.G.2 1*071. V.D. 19*54. From Si 404 Cl, 
and absolute alcohol (T. a. H.). Liquid. NH, 
converts it into EtgSi 40 „(NH 2 ) 2 . 

ETHYL-STIBINE v. Organic compounds of 
Antimony. 

EXHYL-STILBENE v. Ethyl-di-phenti.- 

STHYLENB. 

Di-ethyl-stilbeno t>. Di- bthhi-w-phenyl- 

ETHYLENE. 

ETHYL-SUCCINIC ACID 
C 02 H. 0 H 2 .CHEt.C 0 ^. Butane di-carboxylic 
add. [98°]. (243°). 

Formation.—1. By boiling a-acetyl-a-ethyl- 
succinic ether with cone, alcoholic KOH (Hug- 
genberg, A. 192,148)-—2. By oxidation of S-ace- 
tyl-propionio acid (Thorne).— 8 . By distilling 
butane tri-carboxylic acid (derived Arom malonio 
and o-bromo-butyric ethers) (Polko, A. 242,121). 

Preparation.— a-Acotyl-S-ethyl-succinicether 
I is heated with very strong potash ( 2 : 1 ) at 100 °. 

: Excess of the ether removed by shaking with 
• ether, the acids are then liberated by £,804 and 
, extracted with ether (L. T. Thorne, 0. J. 39, 
i 338). 

I Properties.—Viisma (from chloroform and 
i petroleum ether); v.e. sol. water, alcohol, ether, 
i and chloroform, insol. petroleum-ether. 

! Salts.—KHA": v. e. sol. water, insol. aloo- 
' hoi.—K 2 A''iaq: very hygroscopic.—CaA"2aq: 
prisms, v. si. sol. water.—CaH ^"2 3aq: si. sol. 

I water, insol. alcohol.—BaA"l^aq: v.'sol. water, 
insol. alcohol.—SrA".—CuA"; blue insoluble pp. 
—ZnA^' 2 aq: v. e. sol. water, insol. alcohol.— 
AgjA'': powder; decomposes at 110 °. 

^Methyletkerlie.Ji.''. (204°). 8.0.^1*051. 
Does not solidify at -19°. 

Ethyl ether A.". (226°), S.G. |} 1*030. 
Anhydride S.G. || 1*166. 

Amide ^ [214°]; insol. cold water. 
Di-ethyl-suociuio acid 

jCO 2 H.CEtH.CEtH.CO 2 H. [190°]. 8 . *61 at 23°; 

' 6*7 at 95°. Formed, together with an isomeride 
I [140°], from xeronio acid C 03 H. 0 Et: 0 Et.C 02 H 
' and HI (Otto, A. 239. 2801. Monoclinio plates, 
si. sol. water, v. sol. alcohol and ether. Converted 
by heating with HClAq into the isomeride [129°J. 
—NajA". -CaA" 2aq.—OuA" aq.—ZnA'' 2aq. 

Ethyl ether mX* (234°), S.G. • 991 . 
Formed, together with the isomeric ether, by 
heating o-bromo- (or iodo-) butyric ether with 
flueiy-divided silver at 120° to 130° (Hell, B. 6 i 
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og. 13 ,475, 479 ; 22, 67; Hjelt, B. 20, 3078). 

U in well to add acme Mel. 

Anhydride (o. 240'’). 

Dl-ethyl-aaccmio add 

CO,H.OEtH.CEtH.CO^. [129'1. S. 2-4 at 23°. 
Thiaaoid la obtained, together with the preoeing, 
bv heating hexane tri-oarboxylio aoid obtained 
from a-bromo-butyrio and ethyl-madonio ethers 
by treatment with NaOEt (Hjelt; Hjelt a. Bie. 
choll, B. 21, 2098; Zolinshy a. Bitaohichm, B. 

21 3398). It is also formed by diaaoiving the 
anhydride of the preceding in water. Trimetnc 
nlates V. sol. alcohol and ether. By heating 
auiokl’yit is converted into the anhydride (246°). 

By heating for 8 hours at 220° it is converted 
fnto the isomeric acid [190°].. On heating with 
resorcin and H,SO, it gives a fluoroscein.- 
NaA".-CaA" aq.-CaA"aq.-ZnA Gag. 

ETHYL SUCCINIMIDE v. Ethyhmide of Sue- 

°”*E'rHYi.-sncciiiuBic acid CjII.^np, ».«. 

linEtCO.NH.CO.CrH,.CO.^.., [167°]. Formed 
by the action in the cold of dilute H.SO, on euc- 
chiyl-ethyl-urea (the compound of succinimule 
with cyanic ether) (Mensohutkin, B. 7, 1-8). 
Long needles (from alcohol). Decomposed at 
190° into BUCcinimide, water, and cyanic ether. 

Si sol. water and cold alcohol.—AgA : plates or 

■'^“tmiMl^rcO^liH.CO.CHr.CHr.COHHr. 
ri9G°1. From succinyl-ethyl-urea and alcoholic 
NH at 100°. Needlee (from alcohol). Decoin- 
nosed by heating with aqueous ammonia. 

^ DI-ETHYl-SCCCIinCL-SDCCINIO AMD v. 

Di-ethyl derivative of the dihydrid* of Di-oxt- 

TERKPHTHALW ACII>. , - XTTTTA* 

ETHYL-SULPHAMIC ACID HO.SO 2 .KHLt. 
Prepared by the action of bO, ““ f 
(Bcflatein a. Wiegand. B. 16, ® j 

Sol. water, alcohol, and ether. Not decomposed 
b? boiling with water. ^ . 

^ Salts.-A'jCa2aq: largo prisms, sol. water, 
alcohol, and ether.-A',Ba 1 jaq: siWery scalc^ 
S. (90 p.o. alcohol at 18°)»1-33, v. sol. water. 

A',Pb: needles, sol. water and alcohol. 

Di - ethyl - sulphamic acid HO.SOj.NEtj. 
Formed by the action of SO, oil di-othyl-amine. 
A'rBa2aqf sol. wat< i jilcohol, insol. ether 

Formedby 

the action of snlphuryl chloride on di-ethjd. 
amine hydrochloride (Behrend, B. 15,1612, A. 
222, 134). Yellow oil, y. sol. alcohol, ether, 
bensene, and CHOI,. ^Heavier than . 

lETE A-ETHYL-SDLPHAMIDE SO,(N Et,d,. 

(260°). Formed by the action 
on di-ethyl-snlpharaio chloride at 60 (Behrend, 
B. 16,1612; A. 222, 135).* Heavy yel ow oil, 
1 . sol. alcohol, ether, benzene, and WlLi,. 
ETHYL SULPHATES. . 

Ueno-sthyl sulphate 

(Dabit, Ann. Chem. 34. 300; 43 101; SertdnmL 
GM-Arm. 60. 63; 64. 6,7; Vof 
63,81; Qsy-Lnssao. A. CA. P] 18, w , 
a. Boullay, A. Ch. [2] 36 300; SOTUas, A. 0^ 
[2] 89,163; Liebig a. Wdhler, A. L 37 .Liebig, 
A. 18, 27; Magnus, A. 6, I® ; Marohand, B. 
28, 464; 82, 845 ; 41, 695; MiUler, A. OA. [8] 
19,22).—2. From ethylene and HjSO, (Hennell, 


Tr. 1826,240; 1828,366; Bcrthelot, A. CS.[ 8 ] 

48, 385 ; 0. B. 36, 1098).—3. By heating ether 
with H,SO, (Hennell a. Magnus, P. 27, 886 ).— 

4. From 8,C1, and alcohol (Heusser, A. 161, 
249). 

• Preparation. —A mixture of equal parts of 

strong sulphurio acid and strong alcohol is 
heated to about 100 °, and, after standing m a 
warm place for 24 hours, diluted with water, 
and saturated with carbonate of barium or car¬ 
bonate of lead; the solution is then filtered from 
the precipitated sulphate of barium or lead, and 
the filtrate carefully evaporated to the crystal¬ 
lising point. The crystals of baric or plumbic 
cthylsulphate are then redissolved in water, the 
solution is decomposed with an exactly equiva¬ 
lent quantity of sulphuric aoid—or bettor, in the 
case of the lead-salt, with H-S-and the filtrate 
is concentrated in a vacuum over oil of vitriol 
or chloridoof calcium. Clacsson (/. pr. p] 19. 
246) recommends taking 3 pts. of alcohol to 
2 pts.of HjSO.; the yield is then 77 p.o. If the 
mixture bo kept at 100 ° for more than an hour 
a notable amount of ether is formed, and the 
yield of acid is diminished (Yilliers, C. B. 91, 
124). 

Bronerfe.-Colourless syrup, miscible with 
water and alcohol, insol. ether. 'When h^ted 
it gives off ether, leaving H,.SO,. At a higher 
temperature it gives off ethylene and bO,. 

I lieactums.-l. The aqueous solution deoom- 
; poses slowly in the cold, qmok'T 
I products being alcohol and H^O.- 
' at 130°-140“ yields ether and H,SO,.—3. MnO, 
or K,CrO, give aldehyde (Jacquemin a. LiSs 
Bodard, J.1857,346),-4. 0? electrolysis it yields 
forinic and acetic acids besides H and 0 (Renard, 

A. Ch. [ 6 ] 17, 301).— 6 . The H and Ba salts are 
decomposed by dry HCl at about 80° oo“P'«‘»'y 
into EtCl and the corresponding sulphate (Kohler, 

B. 11 1929)._ 6 * Reacts with salts of organic 

acids’forming the corresponding ethyl ethers. 

Salts.-All the salts arev.ool. water. Their 
aqueous solution is decomposed by boiling, bnt 
this is prevented by the addition of a few drops 

of aqueous KOH. When heated inth cone. 

H,SO, they give off ether, boiling dilute HjbO, 
liberates aloohol. When heated with KOH they 
give off aloohol. When distilled with other salts 
ttiey form ethyl ethers of those 
[62°]; very deliquescent crystals, J- water, 
Lhil. and ethcr.-KA', S. ihat 17°. Large 
monoolinio tables or lamime; a:bjs= 673. UlO.l, 
E = 80°27' (Sohabus, J. 1864,660). H?^ 9 bosoeut 
insol. alcohol and ether.-NaA aq. [86 ]• S. 164 
at 17° Very deliquescent hexagonal plates, 

:kreseent 

otyptalB.-Ba.A',2aq: S. I®® 

2*080; monoclinio P^sms; a. 0 .c= 82d. 07».i, 
8 a 84° 89' (Schabus). * The aqueous soluUon 
ge^oies tur'bid on 

CaA' 2an • S. 100 at 8 °; 125 at 17°; 15( at 30, 

MbtooJi2io wamr-^1 

anl Alcohol, insol. ether.— Sr A,. v. soi. wawr. 
OdA' 2aq: long prisms, v. sol. water and ^oo- 
hoUnsol. ether.-CoA',2aq: dark-red 0 ^ 0 ^, 
permanent in the air. v. s®*- water and alTOhol, 
Lsol. ether.-CuA', 4^.: 

sol water and alcohol, msol. ether.—rnA 3 iaq. 

taMei, y. »ol- water and aloohol, having an aoid 
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reaction.—PbA'^bO. S. 186 at 17®. Amotphous, 
sol. 'water and alo 6 hol.>-MgA '2 4aq: crystals, ▼* 
sol. water, insoL alcohol and ether.'—MnA',4aq: 
roseate tables, y. sol. water and alcohol, insol. 
ether.—NiA' 22 aq: very soluble green crystals.— 
ZnA',2aq: large tables, y. sol. water and alcohol, 
insol. ether.—SmA'a 9aq., S.O. 1-880, Large 
crystals, sol, water (Cl^ve, Bl. [2] 43, 171).— 
DiA'adaq. S.0.1*863 (C.).—AgA'aq: scales, sol. 
water and alcohol. 

Chloride EtSOgCI. SuIpJmric ethoxy^ 
chloride. (163® cor.). 

Formation. —1. From alcohol and ClSOjH, 
along with ethyl-sulphuric acid.—2. By dropping 
SOsCl, into alcohol.—3. From EtCI and SO, (R. 
Williamson, C.J. 2, 529; 6,%76; Kuhlmann, A. 
83,108).—4. From KEtSO, and PClj.—5. From 
ClCOjEt and fuming H^SO, (Wilm, B. 6 , 605). 

Preparation. — Ethylene is passed into 
G1S0,H, and the product distilled in vacuo. 
The yield is 60 p.c. (M. Muller, B. 6,227). 

IVwerites.—Sligntly decomposed by distil* 
ling. InBol. water. When heated with water 
in sealed tubes it gives £i.O, £tCl, HCl, and 
HjSO^ (Purgold, Z. [2] 4, 669). 

Eeactions. —1. With alcohol it reacts chiefly 
thus: EtO.SOjCl + EtOH - EtO.SO.pH -h EtCl, 
but also according to the two equations 

(а) Et0.S02Cl + H0Et-(Et0)2S0, + HCl, 

( б ) (EtOlpO^ + HOEt = (EtO)(HO)SO, + Etp, 
the last equation taking place wlien there is an 
excess of alcohol.—2. With methyl alcohol the 
reaction is 

EtO.SOpi + HOMe = MeCl+EtO.SO,.OH. 

8 . With amyl alcohol EtO.SOpl-t-OjHuOH 
^OjHipOjOH-hEtCl. It thus appeam that the 
chloride of the smaller alcohol radicle is formed 
(OlMsson, J.pr. [2] 19, 248). 

Pi-ethyl sulphate i.e. S 02 ( 0 Et) 2 . 

Mol. w. 164. [ 0 . -24®]. (118®) at 40 mm. 

8.0.1^1*1837. Occurs in‘heavy oil of wine,’ 
an oily mixture sometimes obtained in the pre¬ 
paration of ether (Marchand, J. pr. 16,1; Serul- 
ts, A. CA. [2]hO, 162). 

Formation.^!. By passing vapour of SO, 
into a flask containing ether surrounded by a 
freezing mixture. The product is washed with 
lime-water and rectified (Wotherill, A. 66,117).— 
2. From dry alcohol and SO,.— 8 . From Ag 3 S 04 
and EtI (Stempnewsky, J. E. 1882,95).—4. From 
ClSO,Et and alcohol (Claesson, J. pr. [2] 19, 
257). 

Preparation. — Absolute alcohol (200 g.) mixed 
with cone. HjSO, (450 g.) is distilled very slowly 
until the mixture bemns to froth. The distillate 
separates into two layers, the lower being pure 
E^O, (28 g.) (YiUiers, C. E. 90,1291). 

Pnjperftee. —Oil, smelling of peppermint. 
Solidifies at about -25*^. It forms double com¬ 
pounds with snlpho-aoetates, sulpho-benzo*ates, 
and isethionates, but ndl with acetates, benzoates, 
or methane solpbonates (Geuther, A. 218,288). 

Eeactions.-^X. Warm baryta-water conve^ 
it into Ba(S 04 Et),.—2. When heated with water 
it gives ^cohol* ^SO^, and EtHSO..— 8 . When 
heated with oteohol it forms ether and EtHSO,.— 
4. SO, gives ethionio ether and methionio ether 
(R. Hfibner, A. 228, 208).—6. KHS gives mer* 
oaptan and K^SO,.— 6 . KH, gives NEtpopt 
and NEinpO,Et. 

Di-BB 0 Ho*nMiBxn scxiPHira. 


ETHYI SITLPHIDE C^H ,8 U. Etp. Moi 
w. 90. (98® cor.). S.G. ^ *8368. V.D. 8*00 
calc. 8*12). H.F.p. 28,650 (TA.). H.F.7.26,280 
Th.). Roo 27*64 (Nasini, Q. 13. 301). 

Formation.— X. By the action of K,S on 
KEtSO,, on EtCl, or on other ethyl ethers 
(Dobereiner, Schw. J. 61, 377; Begnault, A. Ch. 

[2] 71. 387; Loir, 0. E. 26,196; Riche, A. Oh. 
fSJ 43, 297).—2. By passing the vapour of 
sop], in a current of CO, over zinc ethide, and 
distilling the product wim water (F. Gauhe, A. 
143,266).—3. By distilling mercury meroaptide: 
Hg(SEt )2 “ HgS -t-Etp. 

Pr^ration.—kn alcoholic solution of potash 
is divided into two equal parts: one part is 
saturated with H^S, and then mixed with the 
other; the liquid is introduced into a tubulated 
retort; vapour of hydrochloric ether is passed 
through it to saturation; and heat is then gradu¬ 
ally applied, the stream of hydrochloric ether 
vapour being still kept up. From the distillate, 
which contains alcohol and ether as well as 
sulphide of ethyl, the sulphide of ethyl is pre¬ 
cipitated by water; it is then purified by washing 
with water, dehydrated by chloride of calcium, 
and rectified (Regnault). 

Properties.—Oil, with alliaceous odour. Sol. 
alcohol. Bums readily with blue flame. Takes 
Are when poured into chlorine. HgO has no 
action on it, but lead acetate gives a yellow pp. 

Pcactions.—1. Nitric acid ( 8 .G. 1*2) forms 
di-etbyl sulpboxide EtjSO. Fuming HNO,formB 
di-ethyl sulphone jOefele, A. 127,870).—2. Boil¬ 
ing aqueous KOH has no action, but on distilling 
over solid KOH there is formed KHS and alco¬ 
hol.— 8 . Heated with sulphur at 180® it is partly 
converted into Et^Sj, Et^S,, Etp^, and Etp, 
(Bottger, A. 223, 351).—4. SjCl, acts energeti¬ 
cally, forming HCl, carbon, and sulphur (B.).— 
6 . SOCl, forms similarly HGI, carbon, B, and 

50.. — 6 . CI.SO3H forms HCl, carbon, S, HpO^, 
and HjO.—7. SO, Cl, forma HCl, carl^n, S, and 

50.. — 8 . On passing through a red-h<$ tube it 
yields thiophene.—9. Chlorine forms chlorinated 
products by substitution (Riche, A. 92,368).— 
10. Bromine forms crystalline EtiSBr,, whence 
KI gives oily Et,SI„ which is reconverted by 
ZnEt, into EtjS (Rathke, A. 162, 214). 

Pe/erenoe.—>D i-chloro-dI'Xthyl bulphtok. 

ComW?wfton5.—Et,SHgCl,. [ 903 . Formed 
as a crystalline pp. by shaking aqueous HgCl, 
with EtjS or its alcoholic solution. Monoclinio 
prisms (from ether or MeOH) (Loir, A.87,369). — 
(Et,S)^tCl 4 . [108®]. YellowneedIes(Loir,A.CA. 

(3] 39, 441).-(Et,8),Pt01,. [81®]. Formed by 
shaking Et,S (1 mol.) with potassium platinous 
obloride (2 mols.). Short, bright-yellow prisms. 
Almost insol. watec, m. sol. alcohol, si. sol. ether, 
V. e. sol. CHCl,. Changed by shaking with water 
and EtjS into an isomeride [ 100 ®] orystalUsing 
in thin tables (Blomstrand, J.pr» [2] 27,190).— 
Eto 8 PbS 047 aq: large crystals; v. e. sol. water.— 
Et, 8 HgI,. [110®] (Loir, A. 107,284).-Et,8TiOl4. 
-(Et,S),TiCi; (Bemarqay, Bl [2] 20,182). 

Methylo- compounds Et,SMeL Methyl- 
di-ethyl-8ulphinc iodide. Formed as a Syrup 
when £t^ and Mel mra heated together with 
a little water (Kriiger, J. pr. [ 2 ] 14, 196). 
Moist AgCl gives sympy Et^MeOl. The 
hydroxide is a powerful base. The nitrate 
and folpbate crystallise in long deliquescent 
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needles.-^ (Et,81^601)^^01,: [214^]; pale-red 
monooIiBie orystals; si. sol. oold water, insol. 
alcohol and etiier. Crystallises from water in 
ouhes, ootahedra, wd tetrahedra.—Et^SMeAuGl,: 
[192®]; long pale-yellow needles; ▼, sol. alcohol, 
ether, and hot water. — EtjSMe 01 (HgCl 2 )j: 
[198®]; transparent prisms {from hot water).— 
EtsSMeOyHgl,: [116®]; formed by mixing cold 
solutions of EtjMeSI, HI, and HgCy,. HjB in 
presence of water gives black ; on continu¬ 
ing the action of gas it changes to ^ed HgS 
(difference from SEtsCl(HgOt,),). 

Isomtridea of theMethylo- compounds 
EtUeSEtl. From EtSMeandEtl (Kruger, <7*.pr. I 
[2] 14, 207). Very deliquescent needles. The : 
chloride is a syrup, the nitrate and sul- j 
phate are deliquescent.—(EtMeSEtOl)jPtCl,: | 
[186®] (K.); [205®] (N. a. S.); prisms of cubic 1 
system (from water); insol. ethor and alcohol , 
(Nasini a. 8cala, G. 18, 62). By repeated re- 
crystallisation it is changed into its isomeride.— 
EtMeSEtAnOl,: [178°]; palo-yellow crystalline 
powder; v. sol. hot water, alcohol, and other.— 
EtMeSEtCl(HgClj)[112®]; white crystalline pp. 
Crystallises from water in trimetrio plates.— 
EtMeSEtCyHglj: [98®]; amber-yellow pp.; insol. | 
water, alcohol, and ether. When strongly heated j 
it yields Hgl,, a carbamine and a sulphide. | 
Both Et^SMel and its isomeride EtMeSEtl give ] 
with AgOBz syrupy benzoates, which, when ; 
iieated to 116®, yield methyl benzoate (Crum ' 
Brown a. Blaikie, Pr. E. 10, 254). 

Ethylo-iodide EtjSI. Tri‘ethyl-sulphine 
iodide. From Et 2 S and EtI (Oefele, A, 132, 82 ; 
C. J. 17, 106; Lukaschewicz, Z. [2] 4, 643). 
Formed also^by the action of HI on Et^S or 
EtSH; and by treating mercaptan with EtI 
(Cahours, A. 135, 352; 136, 161). Trimetrio 
plates; v. e. sol. water. Decomposed on dis¬ 
tillation into Et.B and EtI. Moist AgjO con¬ 
verts it into a deliquescent hydroxide Et,SOH. 
This hvdroxido is strongly alkaline; it absorbs 
COj froln the air, ppts. metallic salts, expels 
NHj from its salts, and turns red litmus blue. 
It forms the following salts:—EtsSCl: deli¬ 
quescent needles (from water) volatilo with 
Bteam. — (Et 3 SCl) 2 PtCl,: monoclinio prisms, 
a:6:c »•676:1:1-107; jS « 66® 6' (Dehn, A. Suppl 
4, 92). S. 3-3 at 20-7°.—Et^SC^HgClj),. S. 1-5 
at20®.—SEtjAuCl,: long golden needles; si. sol. 
cold water.—EtjSNOgAgNO,.—(EtjSjjSO,: in- 
distinctcrystallineaggregates. -- SEt,Br: needles; 
V. e. sol. water, si. sol. alcohol, insol. ether (c/. 
Otto a. Bossing, B. 19,1839). The ethylo-iodide 
also forms the following combinations wfth 
metallic salt: SEt,IHgI,.—SEtgITlI, (JSrgenaen, 

pr- [2] 6, 82 ).-(SEt,I),(Biyj (Kraut, A. 210, 
32l).-SEMBiI,.-(SEt,I)j(®ilO,9a3- 

Ethylo-cyanide SEt^Cy. Tormod by 
digesting SEt,l with KCy at 100® (Gauhe, Z. 
[2] 4, 622). Deliquescent needles. Resolved by 
beating with acids or alkalis into EtjS, pro¬ 


heat into SEt.Cy and AgOy (Patein, 0. B. 106, 

8G1). 

Di-ethyl di.tnlphide Et,Sr Hoi. w. 122. 
(163® cor.). S.G.’If-9927. V.D. 4-27 (calc. 4-28). 

Eormation. —1. By distilling KEtSO* with a 
sonoentrated aqueous solution of (Zeise, 


P. 81, 371; Pyr. Morin, P. 48, 488; A. 32, 267; 
Lowig, P. 27, 5r>0: 49, 326; Cahours, A. Gh, 
[3] 18, 268; A. 61, 98; Muspratt, 0. J. 3,19).— 
2. By distilling oxalic ether with EjS*.—8. By 
treating an aqueous solution of sodium mercap- 
tide with iodine (KckulS a. Linnemann, A. 123, 
279).—4.. By treating mercaptan with oono. 

sulphurous acid being given off (Erlen- 
meyer a. Lisenko, Z. 1861, 6M).—6. By heating 
mercaptan with sulphur for six houm at 160® 
(M. Muller, J. pr. [2] 4, 39).—6, By beating 
NaSEt (8 g.) with alcohol (10 g.) and sulphur 
(1-6 g.) at 100® (Bottger, A. 223, 348): 
2NaSEt-l-S.> = Et.^S.^-l-Na 2 S 2 .—7. From mercap¬ 
tan and Sb^Cl, (Courant a. Richter, B. 18, 
3178). ' 

Properties.—Colourless oil; sol. alcohol and 
ether. It first floats upon water, but after a 
while it sinks, probably from absorption of water. 
Neutral to^test papers. It has an alliaceous 
odour, and is poisonous. It is very inflammable, 
and burns with a blue flame. It is attacked b; 
Cl and Br. With IlgO it slowly forms a yellow 
mass. Its alcoholic solutions are ppd. by HgClj 
and by Pb(OAc) 2 . 

Reactwis, —1. Dilute nitric acid oxidises it 
to ethane thiosulphonic ethor CHj.SO^SEt.— 
2. Cold II^SO^ does not dissolve it; on warming 
it gives off SOv.—3. Heated in a sealed tube with 
EtI it gives SEtJ and iodine (Saytzeff, Z. [2] 6, ' 
109).—4. Carbonised by SjClj, SOClj, ClSO,H, 
and SO^Cl-^. 

Di-ethyl trisulphide EtBj. Obtained, to¬ 
gether with Et^Su.by distilling KEtSOiWith PB, 
(Cahours). Formed also by heating Et.S, with 
sulphur. Heavy yellow oil, volatile with steam. 
It cannot be distilled undecomposed. Mercury 
removes one-third of its sulphur. Copper turn¬ 
ings at 150® do so also. When suspended in water, 
and oxidised by fuming HNO, there is formed 
H.,S 04 and I'ltSOjH. Moist AgjO gives ElSOjH 
and Ag.,S (Muller). 

Di-ethyl tetrasulphide Et^S*. Formed by 
treating mercaptan with S.Cl.^ in CSj solution 
(Claesson, J. pr. [2] 16, 214). Oil with disgust¬ 
ing smell. Split up by distillation in steam into 
Et.S, and sulphur. 

‘Bi-ethyl pentasulphide EtBj. A semi-solid 
mass got by heating the preceding with sulphur 
at 160®, 

TEI-ETHYL-SRIPHINB COMPOUNDS 
supra. * „ 

ETHYL-8ULPHINIC ACID t>. Ethank sul* 

FHINIO ACID. 

ETHYL SULPHITES. 

Mono-ethyl sulphite. The potassium salt 
KO.SO.OEt is formed when di-ethyl sulphite is 
treated with cold aqueous KOH (WarUtz,A. 143, 
761. Scales (from Jcohol); very unstable. 

Chloride EtdSO.Cl. (122°). From 
(EtO) 2 SO and PCl^ (Mfchaelis a. Wagner, B. 7. 

! 1073). Formed in small quantity by passing 
I HCl into alcohol saturated with SOj and heating 
I tlm product in a sealfd tube at 100®. Slightly 
fuming liquid. Readily decomposed by water 
into HCl. alcohol, and 80^ Not attacked by 
PClj at 120®, but at 180® it yields SOOi„ POCl, 
and EtOl. _ 

Di-ethyl sulphite O^HigSOx <.e. (EtO)^O, 
(161®). S.G.ia 1*086. V,D. 4*78. 

Formation.—1. By the action of absolute 
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alcohol on SgCl,* The reaction perhaps takes 
place thus: SA+HOEt^SOCi^+HSEt; and 
BOCl,+2HOEt=SO((^t),+2HCl, but EtOI, 
HCl, and sulphur are also formed (Carius, A, 
106, 291; 110, 221; 111, 93; J. [2] 2, 279; 
Ebelmen a. Bouquet, A, Ch. [3] 17,66; War* 
lit 2 , A. 143,74).- 2. By adding alcohol drop by 
drop to SOGl, (Garius). 

Propertied.—Golourlessliquid,smelling some* 
what like mint. Miscible with alcohol and ether, 
but insol. water. Slowly decomposed by water. 
Aqueous alkalis and NSjCO, quickly decompose it 
into alkaline sulphite and alcohol. Alcoholic 
KHO gives a pp. of EtO.SO.OE. Alcoholic NH, 
at 130® gives ethylamine andJNH 4 ) 2 S 05 . Ethyl- 
amine gives NHEt, and (NHjEt);{SO,. PCI, 
forms EtO.SOCI, which, however, on keeping, 
or on distilling, rapidly splits np into EtCl and 
SO, (Geuther, A. 224, 223). Chlorine attacks it 
strongly, and in bright sunshine forms C,C1«, 
CClj.COCl, and SO,Cl,. SOC4 at 120®'gives SO, 
and EtCl. Diethyl sulphite is split up at 200® 
into SO, and ether (Prinz, A. 223,374). 

Isomeride v. Ethyl ether of Ethane solpuonio 
Aon>. 

ETHYL SBLPHOCYANIDE C.HjNS i.e, 
EtS.Cy. (146® cor.). S.G. ^ 1-033; 22 1-002 
(Buflf, i?. [2J 4, 730); J 1-071 (Nasini a. Scala, Q. 
17, 66); M 1-020. V.D. 3*02. Boo 41*4 
(N. a. S.). 

Foyiiuilion (Cahours, A. Ch. [3] 18, 264; 
L6wig, P. 67, 101; Muspratt, A. 65, 253).—1. 
By saturating a concentrated solution of potas¬ 
sium Bulphocyanide with EtCl; the product is 
diluted with an equal bulk of water and distilled, 
the distillate mixed with ether, diluted with 
water, and the ethereal solutiou dried over GaCl, 
and rectified.—2. From EtI and silver sulpho- 
cyanide (Meyer a. Wurster, B. 6, 065).—3. By 
distilling equal parts of calcium ethyl sulphate 
with potassium sulphocyanidc, both in concen¬ 
trated solution. 

Propc/fies.—Mobile colourless oil, having a 
taste of anise and a puugent odour resembling 
mercaptan. Insol. water, miscible with alcohol 
and ether. Its alcoholic solution docs not ppt. 
solutions of metallic salts. 

Reactions. —1. Nitne acid oxidises it to 
ethane sulplionic acid.—2. KCIO, and HCl at¬ 
tack it with great violence forming ethane sul- 
phonic acid.—3. Chlorine forms chloride of 
cyanogen CygClji and a liquid CgH^SCl, (135®) 
(James, J. pr. [2] 30, 316).—4. Aqueous KOH at 
100® gives Et,8„ potassium cyanate, and KCy 
(Briining, A. 104, 198).—5. Boiling alcoliolio 
KOH gives off NH, and Et,S,.—6. Alcoholic 
KjS forms Et.,S and potassium sulphocyanidc.— 
7. Dry ammonia appears to form a little ethyl* 
thio-urea. Aqueous ammonia (S.Q. ‘880) forfas 
kack uncrystallisable products. Dilute ^ueous 
NH, forms NH^Cy, urea, and EtjS, (Jeanjeau, C. 
B. 66, 830; Kremer, J.pr. 73,366).—8. PEt,at 
100® forms Et,P3 and Et^Cy (Hofmann, B. A, 
611; A. Suppl I, 63).—9. Dry H,8 gives di- 
ihio-carbamic ether NH,.CS,Et.—*10. Thio-acetic 
add gives NHAc.CS,Et.—11. Mel at 105® gives 
Me,SI and other products (Dehn, A. Sujml.Af 
107).—12. HBr forms a compound EtSOyH,Br, 
(Henry./. 1868,662). 

Be/mnee.~ CiU<oftQ-siHYi« sulpboqzaxidi. 


DI-ETHYL-STJLPHONE O^H^BO, U Et,BO,. 

Ethane sulphinie ether. Mol. w. 122. [70®]. 
(248®). S. 16 at 16®. Boo 46-60 (in a 4-24 p.c, 
aqueous solution) (Eanonnikoff). 

Formation.^1, By oxidising di-ethyl sulphide 
with HNO, in sealed tubes at 100®.—2. By oxi¬ 
dising di-ethyl sulphide with a solution (1:30) of 
EMnO^.—3. From sodium ethane sulphinate and 
EtBr (Otto, B. 13, 1278).-4. By heating its a* 
carboxylic acid to 200® (Otto, B. 21, 994).—6. 
From lerd ethide and SO, (Frankland a. Law¬ 
rence, 0. J. 36, 245).—6. By the dry distillation 
of itsdicarboxylicacid S 02 (CHMe.CO,H), (Lov6n, 
B. 17, 2823). 

Proper iies.—Trimctrlc tables (from hot water 
or alcohol). Does not reduce KMnO^; is not 
reduced by Zn and H,SO, (differences from di¬ 
ethyl sulphoxide, Beckmann, J. pr. [2] 17, 
462). Not attacked by PCI,, chlorine, or ZnEt,. 
ICi, at 150® gives O^HgClSOsand other products 
(Spring a. Winssinger, B. 15, 446). 

ETHYI-SBLPHOKO-AGETIO ACID v. Mb- 

THYL-EiaVL 8ULPH0NB CARBOXILIO ACID. 

DI.ETHYL-8UIPH0NE a-CAEBOXYLIC 
ACID EtSOjCHMe.COgH. a-Ethyl-sulphonO' 
propionic acid. The ethyl ether is obtained by 
boiling the ethyl ether of a-ohloropropionio acid 
with sodium ethane sulphinate (Otto, B. 21,994). 
The free acid is a yellowish oil, miscible with 
alcohol and water. Decomposed on heating into 
di-ethyl-sulphone and CO,. The Na salt is a 
gum. 

Di-ethyl-sulphone /8-oarboxylio acid 
Et.SO,.CH,.CH,.CO.,H. $-Ethyl-sulpIionof> o- 

pionic acid. [li2®]. The ethyl ether is obtained 
: by the action of /3-iodopropionic acid on sodium 
ethane sulphinate in an alcoholic sblution (Otto, 
21,995). The free acid forms plates, V. e. sol. 
alcohol and ether. At 200® it gives SO, and pro¬ 
pionic acid. The Na salt crystallises from alco¬ 
hol in plates, and is v. e. sol. water. 

Di-ethyl-sulphone di-carboxylio acid 
0,S(C,H4.C0,H)4. Sulpho-di-projnonio acid. 
[166®]. 

Formation. —1. By oxidation of thio-<li-a. 
lactic acid S{C,H,.CO,II), witli KMn 04 .~ 2 . By 
the action of methyl iodide and sodium ethylate 
upon di-methyl-sulphone di-carboxyhc ether 
(Lov6n, B. 17, 2822). 

Properff«s.—Four-sided tables. V. sol. water, 
alcohol, and ether. On heating it loses CO„ 
forming di-ethyl-sulphone. 

ETHYL-SULPHONE-ETHYLAMIDEu. Ethyl- 
amide of Ethane sulphonio acid. 

'DI - ETHYL - BDLPHONE - DI - METHYL. 
METHANE v. Di • ethyl piiopyliuenu di- 

80LPUONE. 

ETHYl-l|IILPHONO.PEOPIONIC ACID v. 
Di-ETHVL-BULPBOMB CABDOXYUO AOU). 

ETHYL S0LPHO-DEEA Ethyl-thio* 
UBBA. 

Dl-ETHYL STTLPEOXIDE Et,SO. Ethyl 
oxysuXphide. F6rmed by heating Et,S with dilute 
nitric acid (S.G. 1*2). Thick syrup, v. sol. water, 
Cannot be mstilled. Beduced by zinc and HjSO^ 
to Et,S fSaytzeff, A. 144, 153). Chlorine ^ves 
EtCl ana okorinated derivatives of ethane sul- 
phonic acid. Chlorine passed into its aqueous 
solution forms HOI, EtCl, and £tSO|Cl (Spring 
a. Winssinger, B. 16,447). 





ETHYL-TmO-OABBAMtNB-MEfrHYL CYAMIBE. 


Bi-etUyl-dt'Sulphozlde v. Ethyl ether oi ' 

BXHANB TBIOBULPUONIO ACID. 

ETHYL 8T7LPHYDEATE v. Mercaptak. 
ETHYL TAKTEONIC ACID v. Oxy-ethttl. 

UALONIO AOID. 

ETHYL-TADEINE v, Ethyl-amido-ktuanb 

SVLPHONIO ACID. 

ETHYL-TELLDEIDE EtjTe. (98®) (W.; 
H.); (138®) (M. a. M.). From K.To and KEtSO, 
(Wahler, A. 35, 111; 84,69; Heeren, C. C. 1861, 
916). Boddish-yellow liquid with disgusting 
odour, V. si. sol. water. Oxidised by air. 

Chloride Et/feClj. Prepared by treating 
EtjTe with HNO,, dissolving the resulting crys¬ 
talline hitrate in water, and ppg.‘by HCl. Oil. 
Reactions. —1. Aqueous Nli, gives (Et^Te)aCl 20 , 
crystallising in six-sided prisms, whence Ag^SO^ 
gives crystalline (Et/Te) H^SO^.- 2. Ag-^O forms 
an unstable alkaline oxide, which is reduced by 
SOj, to Et,Te. 

Ethylo-chlorideEi^TeCl. [174®]. From 
ZnEt^and TeCl 4 in ether (Manjuardt n. MicUaelis, 

B. 21, 2042). Deliquescent. Excess of ZnEtj 
at 106® forms TeEtj and butane. 

Ethylo-iodide [92®]. FromEtaTo 

andEtl at 50® (Becker, A. 180, 263; Cahours, 
A. Ch. [5J 10, 50). Monoelinio crystals. Gives 
with Ag,0 an unstable alkaline base. 

DI-ETHYL-THETINE xC.Hj^SO, i.c. 
Et 2 S(OH).CH 2 .CO.H. Obtained by adding Ag/) i 
to an aqueous solution of its liydrobrouiidc (Letts, 
Tr. E. 28, 684). Thick syrup. 

Salts. — Et 3 SBr.CH 2 .CO. 2 H. Formed by 
shaking EtjS with bromo-acctio acid, and allow¬ 
ing to stand for a few days. Colourless prisms, 
sol. water aijd alcohol, insol. ether. It forms a 
lead salt Et^SBr.CHj.COPbBrPbBrj which crys- 
talUscB either in narrow plates or in needles, si. 
Boi. cold, V. sol. hot, water. Strong nitric acid 
oxidises di-ethyl-thetino to ethane sulphonic 
acid. — '^Et.^SCl.CHj.CO^Il: syrupy liquid. — 
(Et..SCl.CH 2 .C 02 H), 2 PtCl 4 : large dark - orange 
crystals.—** (SEt...CH, 2 .C 02 H). 2 S 0 ,: syrup. 

ETHYL - THifiNYL HEXYL KETONE 
CH—CH 

C, sH.SO i.e. I II . (330® cor.). 

CEt.S.C.CO.C,H„ 

From ethyl-thiophene, hcptoyl chloride, and 
AICI 3 (Schleiclmr, B. 19, 660). Yellow oil of 
aromatic* odour. Yields on oxidation hexoic 
acid and thiophene oa-dicarboxylio acid. By 
heating with H^SO^ it gives heptoic and ethyl- 
thiophene sulphonic and disulphonic acids. 

Oxim. — C 4 SH 2 Et.C(NOH).C,H, 3 . [39®]. 
Crystalline. • 

(j 3 ).ETHYL.THlfiNYL METHYL KETONE 
C 4 SH 2 Et.CO.CH,. Aceto-ethyl’thUnone. (249® 
cor.). S.G. *2 -096. Forified by the action of 
acetyl chloride upon (a)-ethyl-thiophene in pre¬ 
sence of Al^Clj (Schleicher, B. 18,3020; 19,660). 
Liquid. By alkaline KMnO* it is oxidised to 
thiophene di-carboxylio acid. 

Oxim O 4 SH 2 Et.C(NOH). 0 Ii: [110®]; white 
crystals. 

JPhenyl'hydraside. [ 68 ®]. Needles. 

J/'tiro-tieriva(tu« 04 SHEt(NOi){CO.OH,): 

[71®]; white needles. 

U-ethyl-tMenyl methyl ketone 
O 4 SHEt 2 .CO.OH,. Acetodiethyltmnone. (260®). 
A mixture of di-ethyl-thiophene (Ig-)t AoOl 
(* 6 g.), petroleum-ether ( 6 g.) ii slowly dropped 
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into petroleum-ether (30 g.),in which AlCl, (2 g.) 
is suspended. The product is treated with cold 
water and distilled (Muhlert, B. 19, 635). ' Oil. 

Oxim O 4 SHEt 2 .C(NO:^. 0 Hr Oil. 

£THYL-(a).TH10CA£BAM10 ACID. Ethyl 
fther NHEt.CO.SEt. (204®-208®). From mer¬ 
captan and cyanic ether (Hofmann, B. 2,116). 
Heavy oil. DecompcDsed by acids or alkalis into 
mercaptan, COj, and ethylamine. 

Bemoyl derivative ? NBzEt.CO.SH. 
[74®]. From B 2 CI and potassium sulphocyanido 
in alcoholic solution (Lossner, J.pr. [2] 10, 236). 
On pouring the product into water the acid sepa¬ 
rates as hard sulphur-yellow prisms, v. si. sol. 
water, v. sol. alcoliol and ether. Resolved by 
heat into mercaptan, benzonitrile, and CO,. Hot 
aqueous EOH gives KOBz, potassium sulphide, 
potassium carbonate, and potassium sulphooyan* 
idc.—NBzEt.GO.SK: small needles (from alco- 
I hoi), V. sol. water, si. sol. alcohol and ether.— 
AgA': flocculent pp. turns black on heating.—^EtA'. 
From the K salt and EtBr. Heavy non-volatile 
oil. At 105® it forms crystals [129®].—CjHuA'? 
small prisms, sol. water and alcohol; formed 
from isoamyl alcohol and benzoyl sulpbocyanide 
(Miquol, A. Ch. [5] 11, 330).-C,H,A': [93®]; 
minute needles (from dilute alcohol); insol. water, 
V. sol. alcohol and ether. 

Ethyl-( 8 )-thiocaTbamic acid. Ethyl ether 
! NHEt.CS.OEt. Ethyl-urethane. (204®-208®). 
From ethyl thiocarbhnide and alcohol by healing 
for several hours at 110® (Hofmann, B. 2,117). 
Formed also by treating ethyl thio-carbimide 
with alcoholic NaOH. Oil, smelling of garlic. 
Split up by alkalis or dilute acids into ethyl- 
amine, lIjS, alcohol, and CO 2 . Cone. H 2 SO 4 gives 
oil COS. 


Ethyl-di-thio-carbamic acid NHEt.CS.SII. 
The ethylamine salt is formed by adding OS, 
slowly to an ethereal solution of ethylamino at 
— 18® (Hofmann, JB. 1, 25; Rudneff, J. R- 10, 
188; B. 11, 987; Bn. 1, 998); the free acid is 
ppd. on adding the calculated quantity of HOI to 
a solution of this salt. It ie crystalline. It is 
decomposed by excess of HCl into CS, and ethyl¬ 
amino. 

yalts.—The silver salt is a white pp. dc- 
; composed by boiling water into silver^ sulphide 
; and ethyl thiocarbimide.—Ethylamine salt 
N llEt.CS.SNHjEt. [103®]. Six-sided tables 
(from alcohol), v. sol. water and alcohol, m. sol. 
ether. On boiling the alcoholic solution di-ethyl- 
thio-urea is formed. Iodine aUacks its alcoholio 
solution forming di-ethyl-thio-urea, CSj, ethyl 
thiocarbimide, NHjEt, and sulphur. 

Ethyl ether EtA'. Di-ctkyl-xanthamide. 
Prepared by digesting mercaptan with ethyl-thio- 
carbimide at 120® for several hours (Hofmann, 
4 . [2] 5, 2C8). Heavy oil. Decomposed by dis- 


tillation. 

Di-ethyl-di-thio-cfrbamic ooid. Diethyl- 
amine salt NEtj.CS.S.NHjEt,. From CS,and 
diethylamine (Grodzki, B. 14, 2764]. Not de- 
iomposed at 110®. Split up by iodine into di- 
ethylamine and Oi,H 2 oN 234 of (NEt,.CS),S, [70®] 
which may be crystallised from alcohol. 
vTxnrT..TTlIO.CAEBAMlNE-CYAMn)S 


Oabbimido-bthyl-thio-dbsa. _ 

BTHYL-THIO-CAEBAMINE-METHYL CY. 
AMIDE V. MxiBYl^-CARBIUlDO-SZaXL-TBlO-UBBA. 



m 


BXHYIj-THIOOARBIMIDE, 


ETRTI..TEIOGAEBIMIDE C^NS i.e. 
EtN.CS. JSthpl mustard oil. Mol. w. 87. (133°). 
V.D. 3 08 (oalo. 3 02). S.G. 2 1019; ^ -997 
(Buff, Z. [2] 4, 730); J '995 (Nasini a. Soala, G. 
17,66). R®43'36. 

Formation. —1. By heating cyanic ether with* 
P|Sj (Michael a. Palmer, ,Am. 6, 260).—2. By 
aiding an aqueous solution of ethylamine to 
CSOI, (Rathke, A. 167, 218).—3. By distilling 
di-ethyi-thio<urea with PjOj or dry HCl (Hof¬ 
mann, B. 1, 26).—4. By distilling ethylamine 
ethyl-di'thio-carbamatc (from GS.^ and NH^Et) 
wim aqueous silver nitrate, or, belter, HgCl^. An 
excess of AgNOjmust be avoided, or some of the 
EtNCS will be changed into EtNCO. It is un¬ 
necessary to use pure ethylamine, the crude 
product of the action of alcoholic on EtI 
answers just as well.—6. Formed in small quan¬ 
tity, together with ethyl sulphocyanide and 
other products, by heating mercuric sulpho- 
cyanide with EtI at 180° (Michael, Am. 1, 417). 

Properties.—Pungent liquid, inflames the 
tongue. 

BeacHons.—l. It unites directly with ammo¬ 
nia and primary amines forming ethyl- and 
ethyl-alkyl- thio-ureas.—2. Digested for some 
hours at 110° with alcohol it forms ethyl-(6)- 
thio-oarbamic ether.—3. Jlfercap/anatl20° gives 
ethyl-di-thio-oarbamic ether,—4. When chlorine 
is passed through a cooled mixture of equal 
volumes of ethyl thiocarbimide and dry ether 
thero is formed a powder which by treatment 
with aqueous NaOH is converted into (EtNCS);iO 
[42°]. This oxide of ethyl thiocarbimide crys- 
tallises from alcohol in splendid colourless 
tablets and prisms, insol. water. On treatment 
with ammonium sulphide sulphur separates and 
the filtrate deposits crystals [o. 60°] (Sell, B. 6, 
322 ).—6. Ethyl thiocarbimide (1 mol.) warmed 
with aldehyde-ammonia (2 mols.) and alcohol 
at 100° forms silvery needles of Cj^IIjjNjS.O^ 
[119°], V. sol. alcohol, ether, and hot water. 
Alkalis and dilate acids give oS aldehyde, NHj, 
ethylamine, &c. < 

ETHYL THI0CARB0KATE8. Sulphocarbo- 
nic ethers. 

Xono-eth 7 l-(a)-thiocarboaate. Salts. — 
EtO.CO.8E. Formed by the action of alcoholic 
KOH or KSH on OS(OEt)^ or of KOH on 
EtO.CS.SEt (Debus, A. 75, 130, 136, 142; 82. 
253). Form^ also bypassing GO, into an alco- 
bolio solution of jS^SEt (Chancel, G. B. 32,642). 
Also from COS and alcoholic KOH (Bender, A. 
148,187). Long needles or prisms; v. sol. water 
and alcohol, insol. ethe/, not deliquesoent. The 
aqueous solution decomposes on boiling into 
Et^CO,, mercaptan, Et,S, and alcohol. The dry 
salt decomposes at 170° into COS, Et^S, and 
K,COr On adding acids to its aqueous solution 
COS and alcohol are formed. By adding iodine 
to its alcoholic solutiSn there is formed 
EtO.CO.S.8.CO.OEt, a heavy oil, which is de¬ 
composed by alcoholic KOH giving EtO.CO.SE, 
■nlpW, and K^S. When is passed intoitd 
alcoholic solutmn* sulphur is deposited, while 
ELS and allophanio ether remain in solution 
(Chancel, C. B. 82, 644; Debus, A. 76,1421.— 
(EtO.CO.S),Zn: m. sol. water and alcohol.— 
(EtO.CO.SjjPb: crystalline powder, insol. water, 
si. sol. alcohol.—EtO.CO.SAg; unstable sticky 
mass, insol. water.—(EtO.CO.S)gOu|On,S Ob¬ 


tained by adding cupric sulphate to a solution 
of the K salt until the milky pp. first formed 
becomes yellow. This is washed with ether. It 
is a yellow amorphous powder. 

Di-ethyl (a) • thiooarbonate EtO.CO.SEt. 
(166°). S.G. M 1-0285. Roc. 34*09 (Nasini. Q. 
13, 302). From the E salt and EtBr in alcohol 
(Salomon, J. pr. [2] 6, 438). Also from NaSEt 
and GlOO.Et. Liquid with characteristic smell. 
Split up by water at 160° into mercaptan, CO„ 

; and aloofiol. Alcoholic NH, gives mercaptan and 
I EtO.OO.NH,. Alcoholic KOH gives mercaptan, 

I alcohol, and potassium carbonate, 
i Amide BtS.CO.NH,. Isothiocarbamic ether. 

, hothiourethane. [102°] (P.); [108°] (F.). 

! Formation. —1* By passing gaseous HCl into 
' an alcoholic solution of ethyl sulphocyauide 
, (Pinner, B. 14, 1082).—2. From HCl and alco- 
' holio potassium sulphocyanide (Blankenhorn, 
J. pr. [2] 16,375).—3. From CICO.SEt and NHj 
i (Salomon, J. pr. [2] 7, 266). — 4. From 
: NlI,.CO.SNH,and EtBr (Fleischer, B. 9, 991).- 

In small quantity from CO(SEt).^ and NH, 

: (Salomon a. Conrad, J.pr. [2] 10, 32). 

I Properties.—Plates, may be sublimed; sl.sol. 
i water, v. sol. alcohol. In a sealed tube at 150° 
j it splits up into mercaptan and oyanuric acid, 
j Alcoholic NHj gives urea and mercaptan. Alco- 
I holic KOH gives CO^, ammonia, and mercaptan. 

' V.jOf, gives ethyl sulphocyanide. HgCl,, CuSO^, 
and AgNOa give pps. 

i Di-ethyl ethylene (u).di-thio-di-oarbonate 
' (EtO.CO.S)aCJI^. F’rom EtO.CO.SE and alco¬ 
holic ethylene biomidc (Welde, *7. pr. [2] 15, 52). 
Thick oil with uTjpleasant odour. Cannot be dis¬ 
tilled. Alcoholic Nil, gives in the coldC1I,(SU)2 
and carbaraio ether. Alcoholic KOH gives in the 
cold EtO.CO.OK and CH,(SH),. 

Ethyl isobutyl (a)*thiocarbonato 
EtO.CO.se, II,. (192°). S.G. 15 -994. From 
ClCOEt and NaSC,!!, (Mylius, B. 6, 313). 
Alcoholic NHj converts it into HSC,^, and 
KtO.CO.NH... Alcoholic KOH or KSH forms 
C^HaSH, alcohol, and CO^. 

Isobutyl ethyl (a)-thiocarbonate 
C,n,O.CO.SEt. (193°). S.G. ^ *994. From 
Cl.COaC^H, and NaSEt (M.). Liquid, smelling 
like mercaptan. Alcoholic NH, gives inercaptan 
and C^HaO.CO.NHa. Warm alcoholic KOH gives 
EtSH, isobutyl alcohol, and CO,. *■ 

Ethyl-isoamyl thiooarbonate 
CO(OEt)(SC,H„). From Cl.CO.S.C,n„ and 
NaOEt. A liquid (Schone, J. pr. [2] 32, 245). 

Beaction$.—l. Alcoholic NH, reacts accord¬ 
ing' to the equation CO(S.OjH,,)(OEt) + NHg 
= HSC,H„ + CO(NHj)(OEt).—2. Alcoholic KOH 
reacts thus: CO(SC,H,,)(OEt)+ 2KOH 
« nSO,H,, -I- HOEt +1^,00,. 

Ethyl (/3)-thio-carbonic aoid. 

Chloride EtO.CSCl. (186°). OolourleA 
pungent oil; formed in small quantity by the 
action of alcohol on CSCl,. Converted by NH, 
into the amide (fXlason, B. 20,2385). 

Amide EtO.CS.NHj. Xanthogenamids. 
[38°] (Salomon, J.pr. [2] 8, Hi). Formed by,- 
.the action of alcoholic NH, on EtO.GS.SEt 
(Debus, A. 76,128), on EtO.OS.Cl (Klason), on 
EtO.CS.8Me (Chancel, J. 1861, 618), or on 
(EtO.C8),S,. Monoclinio pyramids. M. sol. 
water, v. e. sol. alcohol and etheii Split up by 
\ dry distillation into mercaptan, cyanic aoid, and 
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eyanurio acid< Alcoholic KOH or baryta form 
alcohol and a snlphocyanide. PgOj gives ethyl 
Bulphocyanide (Salomon a. Conrad» J. pr, [2] 10, 
84). 

(CsH,NSO)jCUjCl,. Formed 
by adding OuSO^ to the aqueous solution and 
decomposing the pp. with HGl. Small rhom- 
bohedra (from alcohol); v. si. sol. water. — 

(0,H,NS0),CuA- “ ( 0 ,H,NSO)eCujCl,. - 

0,H,NSO)sCu,Cla. — 0,H,NS0),CuI. — 

0,H,NS0LCuI. ~ (0,H,N80)2Cu,(SCy),. — 

O, H,NS0)43Cu,(SCy)2.-.0,H,NS06Cu,{SCy)j.- 
C,H,NSO),Pt,Cl„ (Debus). 

Di. ethyl (j8).thiocarbonate , EtO.CS.OEt. 
(162®). S.G.i 1*032. Rc© 34*51 (Nasini.G. 13, 
803). 

Formation.— By the dry distillation of 
EtO.CS.S.S.CS.OEt, the other products being 
CS, and EtO.CS.SEt (Debus, A. 76, 13G).—2. 
From CSClj and KOEt (Salomon, J.pr. [2] 6, 
441). 

Proj;criic5.—Liquid with pleasant odour. In- 
Bol. water, v. sol. alcohol and ether. 

Beactions.—l. Alcoholic KHS gives mercap¬ 
tan and EtO.CO.SK.—2. Alcoholic KOH gives 
alcohol, EtO.CO.SK, and EtO.CO.OK.—3. Cold 
alcoholic NH, gives NH,SCy and alcohol. 

Mono«ethyl (a6)-di-thio*caTbonate 
EtO.CS.SH. Xanthogenic acid. Xanthic acid. 

Fonnation. —KOH (2 pts.) is dissolved in 
alcohol (1 pt.), and CSj is slowly added until 
the liquid is no longer alkaline. On cooling to 
0^ the potassium xantbate separates m colour¬ 
less needles from which the acid may bo obtained 
by treatment with dilute H -SO^ (Zeise, Sch. J. 3G, 

1; 43,160; P. 35, 467; Couerbe, A. Ch. [2] Cl, 
225; Sacc, A. 61, 31.5; Debus, A. 72,1; 75,121; 
82,253; Desains, A. Gh. [3J 20, 49G; Hlasiwctz, 
A. 122, 87). Potassium xanthate is also formed 
by treating xanthic ether witli KIIS. 

Prope7 tics. —Colourless heavy oil, with strong 
odour. It first reddens litmus, tlien bleaches it. 
It is very inflammable. At 24® it seems to boil, ' 
being split up into CS^ and alcohol. It expels 
CO.^ from its salts. 

Salts.—The soluble xanthales form a white 
pp. with lead salts, a yellow pp. with cupric salts 
(hence the name), and a light-yellow pp. with 
silver and mercurous salts; the last-mentioned 
pp. turningblack.—KA'. 1*5576 (Clarke, 

P. 11,1505). S. (alcohol) 20. Prepared as above. 
Colourless prisms which turn slightly yellow on 
exposure to air. V. sol. water and alcohol, insol. 
ether. Its aqueous solution decomposes above 
60° into EjCS,, alcohol, HjS, and COj. In flio 
dry state it may bo lieated to 200° without altera¬ 
tion; at a higher temperature it decomposes, 
leaving a residue of KjS mixed with charcoal. 
Hot KOHAq forms EtO.CO.SK. Iodine added 
tolls alcoholic solution gives EtO.CS.S.S.CS.OEt, 
which is also formed by the action of iodine on 
lead xantbate (Desains, A. Ch. [8] 20, 460; 
Debus, A. 72, 1). This substfAice [28°] S.G. 
1*260 (N. a. S.) forms prisms, v. e. sol. alcohol 
and ether, insolarater. (EtO.CS) 2 Sj is split up 
on distillation into EtO.CS.SEt, (EtO)jCS, CO, 
sulphur, and CSj. Potassium unites with 
(EtO.CS)aBj,formingpotasBium xanthate(Drech- 
sel, 2. 1866, 688). Alooholio NH, converts 
(Et0.08),8, in^ xantharaide and ammonium 
xanthate. Alcoholic KOH gives potassium 


xanthate, CO„ and sulphur. Alcoholic KBH also 
converts (EtO.CS),S.j Into potassium xanthate, 
HjS and S being set free. Aniline converts 
EtO.CS),S, into NHPh.CS.OEt and CS(NHPh), 
Hofmann, B. S, 773). Potassium ^anthate is 
converted by ClCO^t into S(C8.0Kt), [66°]. 
This body crystallises from alcohol in golden 
needles, split up by alcoholic NH, into 
EtO.CB.NH, and H^S, and by alcoholic KOH 
into EtO.CO.SK and EtO.CS.SK (Welde, J. pr. 
[2] 16, 46).—NaA': yellow needles.—NH,A': 
colourless needles, resembling urea. V. e. sol. 
water and alcohol.--BaA'./2aq : from alcoliol, 
BaO, and CS^. Very unstable lainimu ; sol. 
water.—"CaA'.^: |;ummy mass.-AsA'j. Pre¬ 
pared by dropping a solution of AsCl, in CS^ 
into alcoholic NaOEt, with cooling. The liquid 
is filtered from NnCl, and allowed to evaporate 
spontaneonaly (Hlasiwetz). Colourless mono- 
clinic tabt#8 (from CS„). V. e. sol. CSj. De¬ 
composed by heat, leaving As,S,. Decomposed 
by warm aqueous HCl.—SbA'j. Prepaied in 
the same way as the preceding xanthate, using 
SbC!,,. Large lemon-yellow tncUnic crystals. - 
BiA',: golden-yellow lamime and tables.— CrA'.,: 
shining dark-blue crystals; m. sol. CS.;, form¬ 
ing a violet-blue solution. —Co-Vj: large black 
crystals, m. sol. CH, forming a dark grass- 
green solution (H.). Insol. NHj, (Phipson, C. 
II. 81, 1459).—NiA'.^ : large black monoclinio 
tables, m. sol. CS, fornimg a yellowish-green 
1 solution (XL). Hoi. NU|Aq.—llgAA. From 
NaOEt and HgCl^ in CS. (H.). Satiny scales, 

I m. sol. CS^.—HnA'^. From NaOEt, SnCl,, and 
CS^ in the same manner as AsA'j (H.). Golden 
laminfn and tables.—FcA',: black monoclinic 
crystals; its solution in CH.^ is brownish-black 
(H). -CujA'.^. Potassium xanthate added to a 
sol iition of a cupric salt forms at first a brownish- 
, black pp. of cupric xanthate, but this quickly 
changes to beautiful yellow flocculi of cuprous 
xanthate. This salt is not sensibly attacked by 
H.^S, but ammonium sulphide decomposes it im¬ 
mediately. It is decomposei^ by hot acids. It 
is insol. water and NH,, sol. CS^.—PbAV Pro* 

[ pared by adding CS.^ and lead hydroxide to 
alcoholic KOH. Colourless silky needles; insol. 
water and ether, m. sol. boiling alcohol. Slowly 
decomposed by HjS, immediately by ammonium 
, sulphide. When boiled with aqueous KOH a 
, pp. of PbS is formed. Cupric sulphate solution 
poured on the crystals immsdiately changes 
them to cuprous xanthate (Debus).—ZnA',: 
granular pp,; si. sol. water, m. sol. alcohol» 
V. sol. NHjAq (P.). 

Chloride and Amide v. supra. 

Methyl ethyl (a/ 3 )*dithiocarboaate 
KtO.CS.SMe. Methyl xanthate. (179°) (S.); 
(1^4°) (C.). S.G. i 1*119 (Nasini a. Scala, (?. 17, 

I 66); u 1*123 (C.); 1*129 (S.). 65*67. 

I V.I). 4*66. Obtained distilling KMeSO, with 
potassium xanthate (Chancel, A. Ch. [3] 36,468). 
Also from potassium xanthate and Mel (Salomon, 
[2] 8,116). lUle-yellow oil; sol. alcohol 
and ether. Alcoholic KOH'gives MeSH and 
.xanthamide EtO.CS.NH,. 

Oi*ethyl (aj 3 )*di-thio*carbonate EtO.CS.SEt. 
Xanthicether. Mol. w. 160. (200°). S.G, J 1*074 
(N.a.S.). Boo 70*96. 

Jf’orwuifimt.—1. From EtO.CS.SK and EtOl 
(Debus), or EtBr (Salomon, /. pr. [2] 6,446).^ 



B22 


ETHYL THIOCABBONATES. 


a. By the dry distillation of (EtO.CS),S, 
(Zeise). 

Prop^riics.—Pale-yellow oil, smelling like 
garlic; miscible with alcohol and ether. It 
dissolves io4ine. It is but slightly attacked by 
potassium. It is not attacked by HCI. Its. 
alcoholio solution gives a white pp. with HgClj. 
HgO, PbO, and PbOj do not act on it. 

Reactions.—Alcoholic KSH gives mercaptan 
and EtO.es.SK. Alcoholio KOH acts in like 
manner. NH, passed into its alcoholio solution 
iorma EtjS. HjS, and EtO.CS.NH,. Aqueous 
NH, at 136® forms alcohol, mercaptan, and 
NH^SCy. Water at 160® gives mercaptan, alco¬ 
hol, COj and H^S (Schmitt a. Glutz, P. 1,1(18). 

Chloride EtS.CSCl. (KTO® m wcwo). S.G. 
ifl 1*1408. From mercaptan and CSCL (Klason, 

B. 20,2385). 

Amide EtS.CS.NH 2 . [42®]. Formed by 
passing HjS into ethyl sulphocyanids at 100 ® 
under extra pressure (Jeanjean, J. 1866, 601; 
Salomon a. Conrad, J. pr. [2j 10,29). Trimetric 
crystals (from ether) with unpleasant odour. 
Insol. water, v. e. sol. alcohol and ether. Alco- 
bolio NH, or EOE gives mercaptan and sulpho- 
cyanide. EtI forms crystalline EtS.CS.NHjEtl. 
HgClj, AgNOj, and CUSO 4 give pps. 

Acetvl derivative of the Amide 
EtS.CS.NHAo. [123®], Yellow needles; sol. al- 
oohol, ether, and hot water. Boiled with baryta- 
water it gives mercaptan, barium sulphocyanide, 
and barium acetate. Formed by the combina¬ 
tion of thio*acetic acid with ethyl-sulphocyanide. 
On dry distillation it is decomposed into these 
constituents (ChanlarofT, B. 15,1987). 

Ethylene ethyl (a3).di-thiocarbonate 
(EtO.CS.S) 2 C 2 H 4 . [42®]. From potassium xan- 
thate and alcoholic ethylene bromide (Welde, 
J.pr. [2] 15, 66 ). Long needles or tables (from 
ether). Alcoholio NH, gives EtO.CS.NH 2 and 
CjH^CSHIj. 

Ethyl propyl (ai 8 )-di-thiocarbonate 
EtO.CS. 8 Pr. S.G. * 1-050. R » 78-56 (Nasini a. 
Bcala, G. 17, 66 ). - 

Ethyl Uobutyl (a^)«di-thio-carbonate 
C 4 H,O.CS.SEt. (228®). S.G. ^ 1-003. From 
C^H^O.CS.SK and EtI (Mylius, B. 6 , 975). 

Ei • ethyl • (aa) • di - thiocarbonate COlSEt)... 
(197®). S.G.« 1-084. 

Formalion.—l. By warming ethyl sulpho¬ 
cyanide with cone. H^SO, (Schmitt a. Glutz, B. 

I, 16G).--2. Fronj NaSEt and COCl; (Salomon, 

J. m. [2] 7, 255).—3. From di-plmnyl carbonate 
and NaSEt (Seifert, J. pr. [2] 31, 404). 

Propertiee.— Oil, smelling like garlic. Alco¬ 
holio NH, splits it up into urea and mercaptan. 
Alcoholic KOH gives KEtCO, and mercaptan. 
Water at 160® forms CO, and mercaptan. 

Uono>ethyl tri-thio-carbonate EtS.CS.SH. 
Balt.—KA'. Formed by direct union of CS, 
with KSEt (Chancel, G. K. 32, 642). Sol. water 
and alcohol. Its solution gives yellow pps. with 
salts of Ag, Pb.and Hg; andwithCuSO, a scarlet 
pp. of the cuprous salt. T^ese pps. deeompot^b 
when heated, leaving metallic sulphides. The 
K salt decomposes at 100® into PjS, and an oil 

C, H„B7 

Dimethyl tri*thio>carbonate EtS.CS.SEt. 
(240®). 

Formation.'-l, From Ko^Sj or NajCS, and 
EtI or £tCl (Schweitzer, J»pr, 32,254Debus, 


A. 75, 147; Hfisemann, A. 123, 67).—2. By 
acting on EtI and CS, with sodium amalgam 
(Nasini a. Scala, G. 17, 236; c/. Lowig a. Soholz, 
J. pr. 79, 441).- 3. From CSCl^ and NaSEt 
(Klason, B, 20,2385). 

Properties.—Uetkyy yellow oil, v. sol. alcohol 
and ether. Has a slightly alliaceous odour. 
Burns with blue flame. When heated slowly it 
partially decomposes into Et^S and CSj. Alco- 
1 holio KOH gives KjCS,, mercaptan, &o. Alco- 
j hohcNH 3 atl 00 °givesmcrcaptanandammonium 
1 sulphocyanide. Unites with bromine, forming 
j EtjCS^Btj,which crystallises from ether in large 
! six-sided prisms, decomposed by water with 
liberation of HBr, and by potash with liberation 
of the original ether (Bchrend, A. 128, 333). 
Oxidised by HNO, to etliane sulphonio acid. 

Ethyl-ortho-thio-carbonate C(SEt),. S.G. 
1-01. Formed by treating CCl, with NaSEt 
(Claesson, J. pr. [2] 16, 212). Oil, with, un¬ 
pleasant odour. Gives off EtS, when heated. 
Volatile with steam. Oxidised by HNO 3 
ethane sulphonic acid. 

ETHYL THIOCYANATE v. Etuyl sulpho- 


DLETHYI-THIONINE N< 


aHa—NHEt 


>S 

OH.— 


C,H,—NEt 


Obtained by the action of Fe.UI„ upon a dilute 
solution of ethyl-p.phenylone diamine in pre¬ 
sence of H.^S and HCI. In its properties and 
reactions it closely resembles the di-mctliyl- 
tbionine (^.v.) (Benithscn a. Goskc, B. 20, 933). 

(a)-ETHYL.THIOPHENE C,H«S i.c. 
CH~CH 

II II . (133® cor.). S.G.^-900. Formed 
CEt.S.CH 

by the action of sodium upon a mixture of ( 0 )- 
bromo-thiophene and EtBr (Schleicher, B. 18, 
3015 ^ 19,671); or upon EtI or EtBr and (/3)-iodo- 
thiophene (Meyer a. Kreis, B. 17, 1660; Egli, 
B. 18, 544). Colourless oil. Gives Lauben- 
heinier’s reaction. By alkaline KMnO, it is 
oxidised to thienyl methyl ketone, thiophene- 
(a)-carboxylic acid [127°], and thienyl-(a)-gly. 
oxylio acid. Gives a tri-brorao- derivative 
C^SEtBr,: [108®]; colourless plates- 
CEt. CH 

(/ 8 )-£thyl-thioph 6 ne || || . Oltainedby 

CH.S.CH 

' heating ethyl-succinic acid with PjSj (Damsky, 
B. 19,3284). Oil. KMnO^ gives thiophene (0)- 
carboxylic acid [130®]. 

Bi-ethyl-tbiophene 04811 ,Et^. (181® oor.). 
' S.G. -Jj *902. From iodo-ethyl-thiophene, EtI, 
' and sodium (Mnhlert, B. 19,633). 

Befcretices . — Bromo-, ChijOro-, Iodo-, and 
Nitbo-stutl-thiopuenh. 

(a).ETHYL-THIOPHENECAEBOXYLIC ACID 
C 48 H,Et.C 02 H. Ethyldhiophenic acid. [71°]. 
Obtained by the action of sodium amalgam upon 
a mixture of 'lodo-(a)-thiophene and ohloro- 
formic ether, and saponification of the product. 
Glistening colourless crystals. V. sol. alcohol, 
ether, and hot water, si. sol. cold water. By 
alkaline KMn 04 it is oxidised to thiophene 
carboxylic acid. 

Salta.—AgA': curdy pp., sol. hot water.— 
CaA' 22 ^aq: colourless silky needles (Schleicher, 
B. 18,3018). 



ETHYL-TOLUJhUNJjJ. 


STETL TEIOraOflPHATXS. 

Kono-etliTi thiophospbaU <BtO)PS(OH) 2 . 
Sthyl-thiophosphorio acid. Oil formed bj' the 
aetion of eloohol on PSOl,. The K and Na salts 
are formed by treating PSCl, with alooholio KOH 
or blaOH. The; are t. sol. water and alcohol, 
^e salts of Ba, 8r, and Ga are orystaliisable.— 
BaA" (Cloez, 0. B. 24, 388; Chevrier, Z. 1869, 

i-ethyl-thiophoiphate (EtO),PS(OH). Di- ■ 
ethul-thi^hosphoric add. Formea,« together 
with EttPSgO^ by the action of P^^ on alcohol 
(Garias, A. 112, 190). VUold oil, having an 
acid and bitter taste. It may be boiled in 
aqueous or alcoholic solution without decompo* 
eition, but when heated per se it gives off mer> 
oaptan and leaves phosphoric acid. It forms 
very stable salts, those of the alkalis, alkaline 
earths, and of lead being v. sol. water, sol. 
absolute alcohol and ether. The silver salt is 
T. si. sol. water, but v. sol. alcohol and ether. 

Tri-ethylthiopho 6 phat 6 (EtO),PS. Formedby 
the action of alcohol on PSGl, or PSBr,; and of 
PSCI 3 on NaOEt (Carius, A. 119,291; Chevrier, 
Z. 1869, 413; Michaelis.B. 5, 4). Oil, smelling 
like turpentine, volatile with steam. Cone. 
H 38 O 4 appears to form EtPSO, and Et^PjSjOj. 

Di-ethyldi-thlopho 8 phateEt 2 HF 02 Ss.Formed, 
together with Et^S, by heating EtjEO-^S, with 
mercaptan in a sealed tube (Carius). The K salt 
is formed by the action of alcoholic KSEt on 
EtiPOjSj. Colourless amorphous mass. 

Tri - ethyl di • thio - phosphate EtsPO^S^. 
Formed, as above, by treating alcohol with P^Sj. 
Colourless oil, with aromatic and somewhat 
alliaceous odour. Volatile with steam. 

Bi-ethyFtetra-thio-phosphate EtjHPS,. The 
E salt is formed by the action of alcoholic KSII 
on EtjPS^. EtjHPS, crystallises in prisms 
(Carius, J. 1861, 583). 

Tri-ethyl tetra-thio-phosphate Et,PS,. Pro¬ 
duced by the action of on mercaptan, or, 
better, on mercury mercaptide (Carius, A. 112, 
199). Light yellow oil. KOH forms, apparently, 
KEtPOSs. 

fetra-ethyl di-thio-pyrophosphate Et^P^Sp,. 
Appears to be produced by treating EtjPSO, 
witli oono. HjSO, (Carius, Z. 1861,305). Liquid, 
m. sol. water. Alcoholic KOH gives EtjKPjSjOj. 

Tetrajethyl tri-thio-pyrophosphate 
Et^PjSjO*. From PjSjBri and alcohol (Michaelis, 
B. 5, 8 ). 

Tetra-ethyl peuta-thio-pyrophosphate 
Et.P,S, 02 . [71®] (Carius, J. 1861, 68 C). 

ETHYL THIOSINAHIKE v. Etbvl am«yl* 

TBtO-URRA. 

MONO-ETHYL THIOSULPHATE 
EtS.SO 2 .OH. Ethyl-thiosulphuric acid. 

Formation.^!. By treating Stp with an 
equal volume of oono. HjSO^ (B. H. Smith, C. J. 
32, 302).—2. By heating EtBr (1 mol.) with 
Napp, (1 mol.) with an inverted condenser 
(Bunte, B. 7,646).—3. By the action of iodine 
on a mixture of mercaptan and NajSOi (Spring, 
J5. 7,1162). 

Salts.—NaA'; silky six-sided needles (from 
alcohol). Its aqueous solution is scarcely de¬ 
composed at 100 ®, but on add^ a small quantity 
of HCl it rapidly splits up into mercaptan and 
KaHS 04 . The dry siJt is slowly converted at 
100« into dithlonate and £t,Sg. Its aqueous 


solution gives sparingly soluble pps. with AgNO„ 
Pb(NO,)j, and HgCi,; the last pp. is quickly 
converted on heating into EtSHgCl, while sul¬ 
phuric acid remains in solution. HNO, oxidises 
the sodium salt to sulphuric and ethane sulphonio 
^aoids. Sodium forms mercaptan and NajSO,.— 
*BaA',2aq; colourless rectangular tables, v. sol. 
water, si. sol. alcohcA. The copper salt forms 
small dimetrio tables, v. sol. water. The silver 
salt crystallises in small shining lamine. 

Chloride EtS.SOjCl. From the Na salt 
and PCI 4 . Split up by heat, giving EtjS- Icf. 
Ramsay, B. 8 , 764). 

ETHYL-THIO-URAMIBO-BEHZOIC ACID 
NHEt.CS.NH.O,H 4 .CO.,H. PhenyUthyUhio- 
urea m-carboxyli^acid. [196® uncor.]. Formed 
by boiling m-amido-benzoio acid with ethyl- 
mustard-oil in alcoholic solution (Asohan, B. 
17, 430). Small transparent prisms. 

ETHYL-THIO-UREA 0,H,NjS i.e. 
NH 2 .CS.NHEt. Mol. w. 104. [118®] (Hofmann. 
B. 18, 2788). From ethyl thio-carbimide by 
direct addition of NH^ in alcoholic solution 
(Hofmann, Z. 1868, 686 ; 1870. 157; B. 1,26). 
Needles (from hot water). Sol. water and alco¬ 
hol. Its solution in aqueous HOI gives a yellow 
pp. with PtCl^. In aqueous or alcoholic solution 
it is easily desulphurised by PbO or HgO, the 
ultimate product being tri-ethyl-melamine 
CjNjfNHEt),. 

Benzoyl derivative NHBz.CS.NHEt. 
[134®]. Obtained by treating benzoyl sulpho- 
cyanide with ethylamino (Miquel, A. Ch. [5] 11, 
818). Slender prisms, insol. water, m. sol. boil¬ 
ing alcohol. Split up by boiling with aqueous 
HG), giving ethylamine and benzaiuide. HgO 
gives NHBz.CO.NHEt. 

Di-ethyl-thio-urea CSlNnEt)^. Mol. w. 132. 
Formed by the addition of ethylamine to ethyl 
thiocarbimide; also, with evolution of H 2 S, by 
heating ethylamine etbyl-thio-carbamate with 
alcohol at 115® (Hofmann). Crystals, sol. alco¬ 
hol, m. sol. water. Its solution in aqueous HCl 
gives a yellow crystalline pp. with PtCl,. By 
PjOj or dry HCl it is resolved into ethylamine 
and ethyl thiocarbimide. It is not decomposed 
in aqueous or alcoholic solution by PbO, but 
recently ppd. HgO converts it into CO(NHFit )2 
[107®]. HgO in presence of ethylamine forms 
tri-ethyl-guanidine. 

Tri-ethyl-thiourea NHEt.CS.NEtj. [26®]. 
(205® uncor.). Prepared by the action of ethyl- 
thiocarbimide on diethylarain-J (Grodzki, B. 14, 
2755). Colourless crystals. Sol. alcohol and 
ether, nearly insol. water. Alkaline reaction. 
Potash-fusion gives NHjEt and NHEtj. P/)* 
gives ethyl thio-carbimide. 

Tetra-ethyl-tbiourea CSfNEtj)^ (216® un- 
cor.). S.G. *9345 (Grodzki, B. 14, 27671. 
OblourlesB liquid. Sol. alcohol and ether, insol. 
water. Strong base qf alkaline reaction. Very 
stable. Prepared by ethylation of tri-ethyl- 
thiourea. 

ETHYL TITANitfE Et 4 TiO,. By the action 
of TiCl. (1 mol.) on alcohol (4 mols.) there is 
formed TiOl 2 (OEt),EtOH [106^-110®] whence 
NaOEt gives Ti(OEt )4 (Demarqay, C. B. 80, 61). 

Trichloride EtOTiCl,. [78®]. (187® cor.). 
From TiCl. and ether (Bedson, A. 180, 286). 

o-ETHYL-TOLUENE t.c, 

[ 1 : 2 ]. Methyl-ethyUenzeni 
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Mol. w. 120. (168° anoor.). S.G. « '8781. 
Liquid at -17°. Obtained by the action of 
sodium upon a mixture of o-bromo-toluene and 
ethyl bromide. By dilute HNO, ii is oxidised 
to o-toluio aoid, and by KMn 04 to terephthalio 
acid (?) (Claus a. Mann, B. 18,1121). 

m-BthyLtoluene OeH^MeEt [ 1 : 8 ]. (169°). 

S.G. *869. Formed by foiling an ethereal 
solution of EtBr and m.bromo-toluen 6 with 
sodium for two days (Wroblewsky, A, 192,198), 
Formed also by distilling abietio acid with zinc- 
dust (Ciamician, B. 11,270). By oxidation with 
CrO, it yields isophthalic acid. HjSO^ forms 
two sulpnonio acids; the Ba salt of one of these 
BaAjOaq forms large crystals, si. sol. water; 
that of the other forms smaB prisms, v. sol. 
water 

Bihydridel C,H„. (164°). Occurs in 

animal oil fWeidel a. Ciamician, S. 13, 72). 
Gives isophtnalic acid on oxidation. 

Sulphonio acids CjHjMeEtSOjH. — 
BaA'. 6 aq.—BaA^, 3aq. 

^-Ethyl-toluene C^H^MeEt [1:4]. (161-9°- 
162-1°) at 766-3 mm. S.G.-8694 (Schiff); 
V864{A.). V.D. 4-11 (calc. 4-14). S.V. 161-9 
(Schiff, i. 220, 93). Formed by treating 
p-bromo*toluene with ethyl bromide and sodium 
(Glinzer a. Fittig, A. 136, 303; Jannasch a. 
Dieckmann, B. 7, 1513). Formed also from 
ethylidene chloride, toluene, and A1,CI, 
(Anschiitz, A, 235, 314). Converted by KjCrjO, 
and H 3 SO 4 into p-toluic and terephthalio acids. 
Bs/erenccs.— Bbomo-, Culobo*, and Nitbo- 

BTHTL-XOLX7BNE. 

Di-ethyl-toluene O^MeEt, [1:3:5]. (199°). 
S.G. ^ *879. From acetone, methyl ethyl 
ketone, and H 3 SO 4 (Jacobsen, B. 7,1434). HNO| 
oxidisOT it to uvitic acid. 

Isomeride v. Amyl-bknzbnb. 
ETHYl-o-TOLUIDINE C^H^N i.e, 
C 4 H 4 (GH,).NHEt. (214°) (R. a. S.); (206°) (N.). 
S.G. *9534. Prepared by heating o-toluidine 
hydrobromide (or kydroiodide) with 1 mol. 

(•(• 5 p.o. excess) of ethyl alcohol at 150° for 
8 houre; the yield is 54 p.c. of the theoretical. 

Acetyl derivative C 4 H 4 (CHj,).KAcEt. 
(255°) (Beinhardt a. Btaedel, B. 10, 29; Norton, 
Am. 7,118). 

Nitrosamine O4H4Me.NEt.NO. Oil; 
volatile with steam. 

Ethyl^-toluidine 04 H 4 Me.NHEt[l: 4 ]. (217°). 
S.G. *9391. From p-toluidine and EtI by 
heating for 2 days at 100° (Morley a. Abel, C. J. 
7,68). Oil. Its sul pbate and oxalate are 
crystalline.—B'-iytOL: pale-yellow crystals, 
sol. water and alcohol, si. sol. ether; decomposed 
at 100 °. 

Di-ethyl-o-tolnidine 04 H 4 (CH,).NEt^ (208°)r 
at 756 mm.; (210° i. V.) (IJ ). Formed by heat- 
ing ethyl-o-toluidine with excess of EtI at 100°; 
the yield being 70 p.c. (Norton, Am. 7, 119). 
Prepared by heating o-tolui4>ne bydrobromide, 
(or hydroiodide) with 2 mols. ( + 6 p.c. excess) 
of ethyl alcohol at lo 0 ° for 8 hours; the yield is 
90 p.o. of the theoretical (Reinhardt a. Staedel, 

B. 16, 29). Oil. Fuming nitric acid yields 

C, H,Me(NO,)^(NO^Bt [72°] (Van Romburgh, 
B. T. C. 3,402). 

Sali-B'HIaq: [78°]; prism*. 


Di- 6 thyl-p<ioliiidine G 4 H 4 (CH 3 ).NEt 2 [1:4]. 
(328°). S.G. lA? -9242. Formed by heating 
etfayl<p-tolnidine with Etl (Morley a. Abel). 
Prepared by heating p-toluidine hydrobromide 
(or hydroiodide) with 2 mols. (-hd p.o. excess) 
of ethyl alcohol at 150° for 8 hours; the yield 
is 96 p.o. of the theoretical (Reinhardt a. Staedel, 

B. 16, 29). Oil. Nitric acid (S.G. 1-6) yields 

C, H,Me(NO,).NEt(NO,) (Van Romburgh, B. T.O, 

8 , 408). Diazo-benzone chloride gives 

C 4 Hj.N,.N,Et. 04 H 4 Me [38°]; diazo-m-nitro-benz- 
ene chloride reacts with formation of 
[3:1] C 4 H 4 (NO,).N.,.NEtC„H 4 Me [ 66 °]; while 
diazo-p-nitro-benzone chloride gives rise to 
[4:1] C,H 4 (N 03 ):N 3 .NEt.C 4 H,Me [U4°j (Noelting 
a. Binder, Bl. [2] 49, 81).—B'.,Il.,PtCl„: rhombo- 
hedra (Sofling, P. Bl 8,190).-B'HClHgCl, ^aq: 
triclinio crystals.—B'ilBr: monoclinic crystals. 
—B'HI: crystalline.—B'ENO,: monoclinio 
crystals. 

EthylO’iodide O 4 H 4 M 0 .NEt,I. Heavy 
oil. Decomposed by moist Ag-^O it gives the 
strongly alkaline C 4 H 4 Me.NEt 30 H, whence 
(C 4 H,MeNEt 3 Cl).^PtCl 4 which crystallises from 
hot water in slender needles (Morley a. Abel). 
ETHYI-DI-TOLYL-AMINE v. Di-tolyl- 

ETHYL-AUINK. 

ETHYL-TOLYIENE-DIAMINE v. Tolylen*. 

ETHYL-DUMINK. 

ETHYl-TOLYI- v . Tolyl-ethyl-. 
ETHYL-TBOFIC ACID v. tropic acid under 

O-0XY-a-PI!RNYL-PR0P10NI0 ACID. 

ETHYL-DITRAMARINE. Prepared by heat- 
ing in sealed tubes silver ultramarine and ethyl 
iodide, to the solid residue a further quantity of 
the iodide isadded and the process repeated until 
all the silver is removed. A grey'substance, 
evolving ethyl sulphide when heated to 100 °. 
With sodium chloride it forms ordinary sodium 
ultramarine and ethyl chloride (De Fororand, 
A. Ch. [5] 17, 664; C. R. 88,30). 

DI-ETHYL-DMBELLIC ACID v. U&ibslijo 

ACID. 

ETHYL.UBAMID0-BENZ0IC ACID 

i.e. NHEt.CO.Nn.C^H^.COjEt. From 
cyanic ether and m-amido-bonzoio acid in alco¬ 
holic solution (Griess, J. pr. [2] 6 , 464). Slender 
needles. V. si. sol. boiling water, v. e. sol. boil¬ 
ing alcohol. Acid in reaction.—BaA',3aq: 
minute needles.—AgA': lamina. , 

Reference. — Auido-ethyl-uramido-benzoio 

ACID. 

ETHYL-UBEA O 3 H 4 N 3 O i.e. CO(NHj){NHEt). 
Mol. w. 88 . [92°]. S.G. 1-213. 

Eormation.~\. By the union of cyanic ether 
with ammonia (Wurtz, 0. R. 32, 414).—2. By 
the union of cthylaminc with cyanic acid 
(Leuckart, d. pr. [2] 2L. 10). 

Frowrties. -•-Large deliquescent prisms (from 
alcohol); excessively sol. water, alcohol, chloro¬ 
form, CS„ and boiling benzene. Insol. ether. 
At 200° it decomposes with evolution of NH, and 
a little NHjEt, lesving a residue containing di¬ 
ethyl cyanurate (wurtz, Rip. Ohim. Pttrs, 1862, 
109). 

Reacti(yn$.—h Nitrous acid forms alcohol, ni¬ 
trogen, and COj. NaOH acts in like manner.— 
2. A boiling aqueous solution dissolves merouric 
oxide, and on cooling deposits crystals ooniaioing 
63-6 p.c. of mercury (L.).— 8 . Evaporation with 
AgNOj forms silver cyunatc.—4. Anilvt\% at 160° 
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forms di-phenyl-urea, NH,Et, and NH, (L.).— 
5. Aloobolio EOH at 100° gives potassium 
syanate and etbylamine (Hauer, Bl, [2] 45, 
706). 

Salts.—B'HNO,: rosettes of thick prisma 
Melts below 60° and then decomposes. V. sol., 
cold water and alcohol.—B'HCl. Got by passing 
HGl over the base at 100°. At 160° it gives off 
etbylamine.—B'jHjCjO,: [c. 60°]; rectangular 
plates, T. sol. water and alcohol. 

Acefyf tfarivatioe CONjHjEtAd [o 120°]. 
From ethyl-urea and ClAc. Stout prisms (from 
ether). ]^adily sol. water, alcohol, and ether. 
Sublimes in long needles. Boiled with KOH 
it forms potassio carbonate and acetate, NH„ and 
NEtHj. 

Propionyl derivative 
CO{NHEt)(NH.COEt). (100°J. Fine needles. 
Sol. water, alcohol, and ether. Formed from 
propionamide, Br, and NaOHAq (Hofmann, B. 
16, 764). 

$.Benzoyl derivative CO(NHEt)(NHBz). 
[168°] (L.); [192°] (M.). From ethyl-urea and 
BzCl at 130° (Lcuokai't, J. pr, [2] 21, 33). Also 
from the benzoyl derivative of ethyl-thio-urea by 
treatment with ppd. HgO (Miquol, A. Ch. [5] 
11, 318). Needles (from water). V. sol. alcohol, 
etW, and hot water. 

u-Benzoyl derivative NHj.CO.NEtBz. 
From ElS.CO.NEtBz and cold alcoholic NH, 
(LOssner, J. pr. [2] 10, 251). Rhombohedra 
(from dilute alcohol). V. e. sol. absolute alco¬ 
hol, m. sol. ether, v. si. sol. water. 

s-Di-ethyl-urea CO(NHEt) 2 . Mol. w. 116. 
[106°] (L. a. H.); [109°-112-5°] (W.). (263° 

cor.). ’ 

Formation.—X. From cthylamine and cyanic 
ether. Hence formed also by thcaction of water on 
cyanic other (Wurtz, C. B. 32, 411).—2. Formed, 
together with cyanic ether, by the distillation 
of tri-ethyl-biurot (Limpricht a. Habioh, A. 100, 
106). 

Properties. —Silky flexible needles (from alco¬ 
hol). V. sol. water, alcohol, and ether. 

Bcactkms.—l. Gives off etbylamine when 
boiled with potosh.—2. Heated in sealed tubes 
at 100° with alcoholic KOH it gives potassium 
oyanate and diethylamino (Haller, Bl. [2] 45, 
706). , 

Salts. —B'HNO,: very acid deliquescent 
prisms. 

Nitrosamine NHEt.CO.NEt.NO. [5°]. 
Formed by heating di-ethyl-urea with nitrous 
acid (Von Zotta, A. 179, 102; E. Fischet, A. 
199, 284; B. 9, 111). Tables; si. sol. water. 
Decomposed by heat, oven below 100 '.into nitro¬ 
gen, ethylene, and cyanio other. Gives Lieber- 
mann’s reaction with phenol and HjSO.. Re¬ 
duced by zino and acetic acid to di-ethyl-seml- 
oarbazide. 

ii.Dl.ethyl-ureaCO(NHj)(NEt,). [70°]. From 
diethylamine and cyanio aoidi(Volhard, A. 119, 
860; A. P. N. Franchimont, R. 2*. C. 2,122). 
Crystals, very sweet taste. V. sol. ether and 
alcohol. Sol. HNO, with absorption of heat, 
but afterwards a strong reaction sets in, and 
heat is given out; 00, and a little N,0 being 
evolved, the liquid then yielding crystals of 
nitro - di - methyl - amine (di-methyl-nitro-amide) 
{CH,),:NJiO,[67°3. 


Tri-ethyl-nrea 00(NHEt)(NEy. [63 ]. 
(o. 236°). From cyanic ether and diethylamine; 
formed also by treating triethyiamine with vapour 
of cyanic acid (Wurtz; Hofmann, Pr. 11,278). 
Soft crystals, sol. water, alcohol, and ether. It 
does not appear to combine with acids. Alkalis 
convert it into etl^lamine, diethylamine, and 

Tetra-ethyl-urea CO(NEU,. (206°) (M.); 
(210°-215°) (W.). ^ 

Formation .—1. By passing COCl, into a sohi 
tion of diethylamine in ligroin (Miohler, B. 8 , 
1664).—2. From Ci.OO.NEt, and diethylamine 
(WaUach, A. 214, 276). 

Propcrties.~Oi\, Dissolves in acids, bat is 
reppd. by alkalisf 

FTHYL-BRETHANE u. Etuti, tuiooabbamio 

ACIU. 

ETHYIi-VINTL v. Botineke. 

ETHTL-VINYIi OXIDE v. Vinyl BtUYL 

OXIDE. 


DI-ETHYL-XANTHAMIDE e. Ethyl-di- 

THIO-CABBAUIO ACID. 

ETHYL-o-XYtENE C,H,Me^t [1:2:4]. DU 
methyUethyUhenzene. (189°). From camphor 
and ZnCl, or iodine (Armstrong a. Miller, G. /. 
45, 148; B. 16, 2258). Also from bromo-o- 
xylene, EtBr, and sodium (Jacobsen, B. 19,2516). 
Gives on oxidation OjH,Me,CO,II. 

Sulphonio acid CgHjMe^EtSOjH. Tables. 
—BaA'j4aq. 

Amide C,H,Me,EtSOjNH,. [126°]. Needles 
or prisms (from alcohol). 

Ethyl. 7 ».xylene C^H^Mc^Et [1:3:5]. (187°). 

S.G. ^ *869. From ethylidene chloride, A1.,C1,, 
and xylene (Anschutz, A. 235, 323). Formed 
also by treating a mixture of acetqne and 
methyl ethyl ketone with H 2 SO 4 (Jacobsen, B. 
7, 1432); and by treating (l,3,5)-bromo-xyiene 
with EtBr and sodium (Wroblowsky, A. 192, 
217). Bromine forms a tribromo- derivative 
[91°]. On oxidation it gives uvitio acid 
C,H,Me(CO,H), [290°]. , 

Ethyl-m-xylene CJI,Mo,Et [1:3:4]. (184°). 
S.G. -878. From bromo-m-iylene, EtBr, and 
sodium (Fittig a. Ernst, A. 139,184; Z. [2] 1, 
572). Liquid. Gives a tri-nitro- derivative 
[119°]. 

Sulphonic acid C„H,Mo,Et.SO,H. Crys¬ 
talline mass (J.).—BaA', 2aq: trimetrio iamino, 
m. sol. cold water.—NaA'2aq; minute fiat 
prisms, v. e. sol. cold water. ° 

Amide C,H-,Me,Et.SO,NHj. [148°]. Needles 
or prisms (from alcohol). 

Etbyl-p-xylene C^IIjMejEt [1:4:3]. (185°). 
From ( 3 ,l, 4 )-broino-p-xylene, EtBr, and sodium 
(Jacobsen, B. 19, 2516). It gives a tri-nitro* 
aerivative [ 120 °]. 

* Sulphonic acid CjHjMejEt.SOjH. Large 
trimetrio plates (from dilute H.BO^).—NaA'aq : 
tables; m. sol. cold water.—BoA',: six-sided 
plates, m. sol. boiling water. 

, Amide CsH,ai^EtSO,NH,. [117°]. Pearly 
plates (from very dilute alcohol); m. sol. cold 
alcohol. 

Re/erence.—T bi-bromo-ethyl-xylkkb. 

ETHYL-XYLYL v. Xylyl-ethtl. 

ETTIDINE. A name given by Greville 
Williams {Laboratory^ 109) to a base CjjHi^ 
> obtained by distilling quinoline with KOH. 






EUCALYN. 


EDCAtYS W = about 60». A 

iweet, syrupy subatanco produced, together with 
{luoose, by boiling melitose C„H„0„ (the sugar 
»f the euoiJyptaa) with dilute sulphuric acid, and 
jbtained, together with alcohol, by foimenting 
nelitose witii yeast (Bertbelot, A. Oh. [8] 46,72). 
Jextro«rotatory,andnon-f6rmentable. It becomes 
joloured at 100®, and at 20l)° it forms a black 
nsoluble substance. Dilute H^SO, does not 
iffect it. Boiling baryta-water colours it strongly. 

[t reduces Fehling’s solution. 

ETTCAIYPTENE. This name was applied 
ij Oloez (A. 154, 372) to a hydrocarbon C„H„ ? 
166®); S.G. ^ *836; V.D. 6-3, obtained by dis- 
iillii^ <faoalyptol with P,Os. The same name 
kvas applied by Faust a. Hoiheyer {B. 7, 63, 
1429), and by Oppenheim a. PfafI, {B. 7, 625) to 
a terpene {172®-176®), V.D. 68-4, said to occur 
in oil of eucalyptus. , , 

EBCALYPTOL C,,H,gO. [1®]. (172®) (V.); 
(176® i.V.) (J.). S.G. '923 (J.); 2 '940. Oc- 
curs in the oil of Eucalyptus Olobulus and is 
isolated from the fraction 170°-180° by conver¬ 
sion into the hydrochloride (Jahns, B.yi, 2'J-U). 
Optically inactive. Probably identical with 
cineol. Camphor-like smell. Colourless liquid. 
Dry HCl forms the compound (C„H„0)jHCl 
(Voiry, 0. B. 106,1419). KMnO, oxidises it to 
cineolio acid C„H„0. [196°] (Wallach, A. 246, 
265). 

EWCAiyPTUS MANNA v. Melitose. 

EDCALTPTNS Oil. The essential oil of 
Eu&ilyptus QlobuUts is a pale-yellow, slightly 
dextrorotatory licjuid. S.O. *992. At —60° it 
solidifies, and the crystals tlius formed melt at 
-10°. On distillation the first fractions contain 
witter, formic and acetic acids, and butyric and 
valeric anhydrides. At 159° there passes over a 
terpene S.G. -88; [a]„- -1-40°, which forms a 

hydrochlorideC,.H,.HCl[127°]; [a]„=27i°. The 

fraction 170°-175° contains eucalyptol which 
constitutes two-thirds of the oil of eucalyptus 
(Voiry, 0. B. 106,1419; cf. Cloez, A. 154, 372). 
According to Faust/i. Homeyer {B, 7,63,1429) 
oil of eucalyptus contains two terpeneo (161°) and 
(c. 174°), together with cymene and a camphor- 
like body 0„H„O. Oppenheim a. Pfafl found in 
Australian enoMyptus oil a terpene (173°) whence 
iodine produces cymene. Wallach found in the 
Australian oil (from E. amygdalim) cincol and 
a Ifflvorotatory phellandrene (165°-180''). S.O. 
IS -m (Wallach, A. 246,265). 

EUCHBOIC AtTD «. Di-imide of Mellitio 

icn>. . . 

ETTCHEOSHfE. This name was given by 
Davy to a gas obtained % the reaction between 
HClAq and KCIO,; it has been proved to be a 
mixture ofCI02andCl(c/.p. 12). M.M.P.M. 

ENDIOMETEB. Agraduatedglassvessel used 
in analysis of gases, and in titrimetric analysis 
h. Tol. i. pp. 237 and 248). e M. M. P. M. 
EDOENOL C„,H„0,*‘- „„„ ,,, 

ri; 8 : 4 ]O.H,{OH)(OMe).OH,.CH:CH,. Mol.w.l64. 
V.D.6-4po.6-7). (sS2°)(S.{>,(26n{Waiiam3H 
(262°) (Olad8tone)g S'?' 

* 1'068 (W.); 1-066 (G.); “ 1-066 (Church, 

0. J. 28,113); s 1’079 (Wassermann); ‘1? 1-063 
(Wa.); n 1-070 (Tiemann a. Kraaa.S. 16,2066). 
Kn 1-640. Mr 1-654. - . i. 

Occurrence.—In oil of cloves; in ou of bay 
(Lawue noMie); in the oil of cinnamon leaves; 


in oil of pimento; in oil of CcmeUa ulba t 
andinoU of Ilicmmreligmum{BonMtn, A. Oh. 
[1827] 36,274; Dumas, A. Oh. 63, 164; A. 9, 

27, 161; Ettling, A. 9, 68; BOokmann.dl. 
27, 155; Greville Williams, Ghcm. Oae. 1858, 
170; Oahours, A. Ch. [3] 62, 201; Stenhouse, A. 
95,103; W8hler,A.47,236; Baoyer, A. 114,163; 
Gladstone, 0. J. 17, 6 ; Oeser, A. 181, 277;. 
Eykman, B. T. 0. 4, 33; Erlonmeyor, Z. 1868, 
480; Wassermann, A. 179,366). 

Formation.—By reducing ooniferin in weak 
alkaline solution with sodimn-amalgam ; ooni- 
feryl aloohol being an intermediate product 
(Tiemann, B. 9, 418; Cbiozza, 0. 0._ 1888, 443). 

Preparofionl—Oil of cloves, obtained by dis¬ 
tilling cloves with water, contains eugcnoi and 
a terpene. Aqueous KOH dissolves the eugenol, 
and, on again distilling, only the terpene passes 
over. On acidifying the residue the eugenol is 
liberated. 

Prqperfies.—Colourless oil, with spicy odour. 
Beddens litmus. Quickly resinifios when ex¬ 
posed to air. V. el. sol. water, v. sol. .alcohol, 
ether, and HOAo. Has a burning taste. Does 
not reduce Fehling’s solntion. Keduoes am- 
moniaoal silver nitrate* FoCl| colours its alco¬ 
holic solution blue. 

Beactiom.—l. Distillation over BaO gives an 
oil (142°) (Calvi, A. 99, 242; Church, P. if. [4] 
9, 256).—2. Distilled with HI it forms Mel and 
a resinous mass having nearly the composition 
C,H„0, (Erlenmeycr, Z. [2] 2, 430).—S. Pofosb- 
fiision gives acetic and protocatcohuio acids 
(Hlasiwctz a. Grabowski, A. 139, 95|.--4. P-jO, 
forms a resin, intermediate in composition be¬ 
tween C„,H, A C,«Hi A. which on distilla¬ 

tion yields a phenol which is coloured green by 
FeClj (Hlasiwetz a. Barth, Z. [2] 2, 83).—6. 
PCI, forms HCl, McCl, an oily anhydride (?) 
(C,„H, ,0),0,and an amorphous yellow compound 
0|,H,.PO,; insol. ether (Oeser, A. 131,277).- 
6. Bromine forms di-bromo-eugenol di-bromide 
(q.v.). Aoetyl-di-bromo-eugenol crystallises from 
ether in hexagonal prisms [66°] (Boyon, B. 21, 
1393). The acetyl and benzoyl derivatives of 
di-bromo-eugonol dibromide melt at [91°] and 
[113°] respectively.—7. KMnO, oxidises it to 
vanillin, the methyl derivative of protooatechuio 
aldehyde.—8. Vapour of cyanic acid passed 
into engenol forms the crystalline allcphanate 
C.H,(OMo (0,H,).O.CO.NH.CO.NH, (Baeyer, A. 
114, 163).—9. Phenyl eyanate at 100° forms 
O.H.(0,H.)(OMe).O.CO.NHPh [96°] (Snape, B. 
18,2432 ; 0./. 47,777).-10. Ohloro.aeetic acid 
acting on s^ium-eugonol forms the acid 
C.H,(OMe)(C,H.).O.OH,.CO,H [81°), which 
crystallises from hot water in long needles, sol. 
aqueous Na,CO,. Ite-sodium salt NaAT) aq is 
V. sol. cold water (Saarbach, J.pr. [2] 21,161).-- 

ll.AcetochlorhydnseoonvBitBpot&isium^ 

into the gluooside 0,Hj(0.0,H,,0,)(OMe)0,H, 
[182®]. This crystallises in needles, sol. hot al* 
cohol, hot benzete, and hot water (Michael, Am. 

derivative$ Na0,*H„O,.— 
: lamina, al. 

sol. cold water. 


SOI. com w/>«rv/>ivr 

Acetyl derivOtttve 0,H!,(0Ac)(0Me).0|H.. 
[31®] (270®). Prepared by boiling eugenol with 
Ao,0 for three hours. Oryitels ; y. sol. ^oohol 
ana ether, iaiol. water and cold dilute alialis. 
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Cone. HjSO, dissolves it with deep-red coloiw. 
KMnO. oxidises it to aoctjl vanillio acid C,oH„0, 
and its homologne 0„H,jO. »■ 

B. 10 , 202 ). 

Carbonyl derivative 
. (O.H.(OMe)(0,H.).0),CO. [93°]- Ffom spdmm 
eugenol and COOl, (LOwenberg, 0. C. 188b, 390, 

C. /. 60,789). 

• Benzoyl derivative 
0^,(0Bz)(0Me)(C.H,): [TO"); monosymmetn- 
cal Myatals ; b1. boI. cold alcohol, ihboI. water 
(TiemanQ a. Kraaz, B. 16,2067).^ ^ ’ 

p.Methoxy-benzoyl derivative 
C.H,(O.CO.OgHxOMe){OMe)C3H,. From eugenol 
and anisyl chloride (Cahours, A. Ctf. [3] 62,189). 
Crystalline. . 

Methyl ether C„H„0„».e. 
C.H,(OMo),.0,H.. (246»). Obtained from 

C.H,(ONa)(OMe).C.H, and Mel (Graebe a.Borg- 
mann, A. 168, 282; Matsmoto, B. 11, W3). 

OxidiscdbyK,Cr,0,inHOActoC,H.(OMe)jCO,H. 

KMnO, gives an acid C.jHijO, Bromme 

gives C,HJJr(OMe),.CH,.CHBr.CH,Br [78 ], 
which, in alcoholic solution, ia converted by zmo- 
dust into liquid C.H;Br(OMo),.C,U,. A mercury 

saltHg(C.,H,,O,0,;i4O»]is tormedas a by^pr^ 

duct in the formation of CoHj(OMe)2(C,H5)CUail 

bytreatingC.lUir(OMe),,CO,HwithClCO.^tan^ 
godium-amalgam (Wa8sermann,0. B.SSpliiOb). 
Ethyl ether C,2H,(,Oj i.e. 


A 179 360). Oil. Gives on oxidation 

o’H,(OEt)(OMo).CO^. When distilled it partly 
pJl^oriscs, iorming crystalline lamime rom 
ftlcoholi [126^1. Bromine forma 
[80”1, whence zinc and alcohol remove bromme, 
leaving C.^H^BrO, [48'^], a product which is not 

l9Ci4”l SGl-“ 1-002. From eugenol (100 pts.), 
propyl iodide (100 pts.), and KOH (35 pts.) dm- 
Lived in alcohol, ^quid, smelling like cloves. 

C.H,(OCII Vr)(OMc).C^ 

(273°) S G 14 .986. Oxidised by KMnO, to 
(2.81°) s G 14 -976. KMnO, at 80“ forms 

‘“■diil'i ether C.H,(OC,H )(OMp).C,H 
gGi-^1‘018. Fiom ally 1 iodide and 
iotls^m eugenol. Apoljhieride (284°-290») 

is formed at the same tim^ UOMel 0 H 

Beneyl ether 0,H.,(0C,H,)(OMe).G,u,. 

Partially decomposed on ,, , „ tt \ 

Ethylene ether C,H,(0.0,H|(0Me)^C,H,)^,. 
r89“l Formed by heating euginol, 
bromide, and alcoholic KOH in a sealed tube 
ir«hniira O B 84,167,1193). Micaoeous plates, 
!nBSe?;ndcoMale®hol.sol.hot alcohol and 
ether. KMnO, oxidises it to 

CjH,(0.0,H,(OMo).CO,H)r 
Trimethylene ether 

C,H,(O.C.H.(OMe).O.HJr [83°]. Prom 


CHJ5r.CH,,.CIIjBr, potasgpm-cugenol, and a 
little alcohol at 100”. Satiny crystals (from 
ether) or prisms (from alcohol). KMn 04 gives 
0,H4(0.C,H,(0Me).C02H)2. 

Provyl^rie ether 
C,H,(O.C.H,(OMe).C3H,)2. [c. 68®]. 

Rrepared as above, using propylene bromiae 
CHj.CHBr.CHjBr (Cs^hours). Needles {from 
ether). - 

References. — Bromo-eugenol ana Nitro- 

EUOENOL. , 

Iso-eugenol C#H,(OH)(OMe)(CH:CH.CH3) 
[4:3:1]. (e. 200°). V.B. (11 = 1) 82-66 (obs.). 

S.G. 1'08. Formed by splitting off COj from 
homoferulio acid by heating to o. 260° o^ iiM 
(Ticmann a. Kraaz, B. 16, 2064). Oil. Dis¬ 
solves in H,SO, to'a red solution. FejCl, pro¬ 
duces a light-greon colouration, turned violet by 
NH,. , , 

Benzoyl derivative 

C.H,(OBz)(OMo)(C,H,). (160“). 

EBOKTIC ACID C„H„0, i.e. 
C.H,(OMe)(OH)(C.H.)(CO,H) [3:4;1:5]. [124°]. 
Formed by dissolving sodium in eugenol ana 
passing COj over the resulting sodium eugenol 
(ScUeuch, A. 125,14). Long colourless prisms 
(from hot water); si. sol. cold water, v. sol. aloo- 
hoi and ether. Its aqueous solution is coloured 
blue by FeCl,. The acid ia resolved by heat into 
COj and eugenol. 

Methyl derivative 

C.H,(OMehcA).CO,H. [180“]. Formed by 
saponifying its ether, which is produced by treat¬ 
ing the methyl derivative of bromo-eugenol with 
ClCOJilt and sodium-amalgam (Wassennann, 

C. B. 88, 1206). Flat yellow needles; si. sol. 
water, v. sol. alcohol and ether. Gives on oxi-, 
diition by KMnO, an acid [1G:)“]. _ 

EDL-ySIN C.,H„0,. A substance which may 
be extracted along with cerisin and dccaorylio 
acid from cork by boiling with alcohol. “ ‘s v. 
sol alcohol, but insol. water (biewert, Z. 1808, 

''^'*EULYTE C li.N,0,. [99-5° cor.]. S.-01 at 

10“ Formed, together with dyslyte, by treating 
oitriicomc acid with strong nitric acid {Ba“P. 

81, 90; Bassett, C. J. 25, 98). Eu yte is the 
more soluble, it crystallises from “Worof®™ >“ 
large dimctric crystals. Heated with alooholio 
KOII it forms KNO, and a broTO resin soluh o 
in alkalis. Tin and HCl give NH, and avolatile 
base smelling like picohne. _ 

ETJONYMIN. a bitter resiq obtained from 
the oil of the spindle-tree, Euonymm eur^^m 
(Riederer, BmA. Bep 14, 1; Grundner, Bach. 
Bep 97, 315). Insol. water, sol. alcohol and 
ether, separating from the latter m warty crys- 

^'''’i'he same name is given *>7 
1835, 442; C. J. 60, 72) to a,g™o®‘36 which 
m^ be extracted by dilute ale ho 
the rinds of EuonymmatropirpU' eus. It may 

EDPHORBID^ a resin consistmg of fto 
coborete juice of sevfral 
erowing in hot climates. Cold nlooh®* extracts, 
fo3ng to Johnston (J.pr 26 145), a bro™- 
fsh-red resin C„H,„0,.. irsol. ^ka^, but d,s^ 
■olvinc with red colour m cono.H 2 S 04 . BoUmg 
alooho* extracts from the residue another win 
0„H„O„ which separates m mdistinot crystals 
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Bose, P. 38, M; 53, 365; Fltiokiger, /. 
1668,809). AcoordiDg to Henke {Ar. Pk. [3] 24, 
729) euphorbium contains, besides euphorbone, 
two resins, one soluble in ether, the other not. 

ETJPHOBBONE C»H„0. [63°]. [«]„ = 15'9®. 
S. *01 (hot). Extracted from euphorbium by 
light petroleum at 70° and crystallised from al- 
oohol-ether (Henke, Ar^ Pk. [3] 24, 729; c/. 
Fliickiger, Z. [2] 4, 221). Brilliant crystals, 
persistent in the air, tasteless, and neutral in 
solution. Y. sol. light petroleum, chloroform, 
ether, alcohol, benzene, and aoetono. Not af- 
fected by dilute acids, alkalis, or Ao^O. Heating 
with PjOj gives heptane, octane, and xylene. 
According to Hesse {A. 192,193) euphorbone is 
[114°], [a]D*18-8°eat 15° (in chloro- 
form); or 11’7° (in ether). 

«UPITTONIC ACID 0.^,0,. [about 200°]. 
Occurs amongst the products of oxidation of 
wood-tar oil (Liebermann, B. 9, 334; Qratzel, 
B. 11, 2085). Prepared by beating the dimethyl 
ether of pyrogallol with CjCl, and alcoholic KOH 
(Hofmann, B. 11,1455). Formed also by heating 
a mixture of the di-methyl ethers of pyrogallol 
(C^,( 0 M 6 ) 20 H) and of methyl-pyrogallol 
(Me.O,H,{OMe),OH) with NaOH at 210°, hy¬ 
drogen being liberated (Hofmann, B. 12.1377). 
Long hne orange needles. Difficultly soluble in 
boiling alcohol, easily in acetic acid. Alkaline 
solutions are deep blue. By an excess of alkali 
blue salts are precipitated. HCl at 100° gives 
ppogallol and MeCl. Alcoholic NH, at 170° 
gives crystalline G2sH.„N,0,. Water (2 pts.) at 
265° gives CsHj(OMe)20H and a crystalline body. 

Salts. — NajCjiH^^OjXaq : prisms. — 

BaCjjH^Ofiraq: needles. 

bi-aeetyl derivative C 2 sH 2 , 0 .( 0 Ac)j 
[265°]; yellow needles. 

Di-beneoyl derivative C2,,II,,0,(0Bz)2: 
[232°]; small yellow needles. Insol. alcohol, 
sol. chloroform. 

Methyl ether Cj^H.^O.-iOMe)*: [242°]; 
yellow needles. 

Ethyl ether [242°]; yellow 
needles. * 

Periodide brown glistening 

prisms (Hofmann, B. 12, 2216). 

EUBHODIHES is the name given by Witt to s 
class of red colouring matters which have the 
constitution of amido-quiuoxalines. These bodies 
are produced: (1) By the action of a tri-amine 
(amido-o-diamine) upon a quinone or di-ketone. 
(2) By heating an o-amido-azo- compound with 
ja)-naphtbylamine hydrochloride. Quite recently 
(B. 21, 2418) Witt has proposed to extend the 
meaning of the term eurhodine so as to include 
all poly-mnido-derivatives of azines. 

The eurhodine from o>amido-azo-tolaene and 
(a)-naphthylamise has the constitution: 

XINHJrCH 

OA<( , L 



e.H,(CH,) 

utoluqtdnoxalin or amido- 
tolu^phihaeine). This compound crystallises 
from aidline or phenol in dark orange needles, 
almost insol. ideobol and ether. It may be sub' 
lime^ its hydioohloride 0„H,|N,HClaq 


forms garnet-coloured needles. Cono. HjBO, 
dissolves it with intense red colour turned green 
and then scarlet on gradual dilution. It dyes 
silk scarlet in an acid bath. The tartrate dyes 
cotton mordanted with Turkey-red oil a colour 
similar to Turkey-red (Witt, C. J. 49,891; D. 
18,1119; 19,914); ethyl nitrite decomposes the 
eurhodine in alcoholic solution, one product 
being lemon-yellow needles 0 „H, 4 NjO 6^ 
0„H„EtN,0 [175°]. 

The eurhodine from (/3)-naphthylamine is 
formed'on adding quinone dicblorimide to {$)• 
naphthyiamine dissolved in alcohol the solution 
becoming red and, on adding water, a eurhodine 
CioHg.Nj.CttHjNHj (or, more probably, 
C|oHj(NH2).Nj.08H4) separates. This crystallises 
from benzene in dark yellow needles, m. sol. 
alcohol and benzene, v. sol. aniline. Its alcohollo 
solution is converted by nitrous acid into naphtho- 
pbenazine (Nietzki a. Otto, B. 21,1596). 

A di-methylated eurhodine 
0,.H,.NyC,H,NiMej [J 4 ] [205’] is formed by 
heating nitxoso-di-mcthyl-aniline hydrochloride 
(3 mols.) with a solution of (8)-naphthylamine 
2 mol.s.) in IIOAc (Witt, B. 21, 719). 

EUXANTHIC ACID C„H,flO,o. Purrek acid. 
The magnesium salt constitutes the essential 
part of Purree or Indian yellow, said to be ob* 
tained by evaporating the urine of cows fed on 
mangoes (Stenhouse, A. 51, 423; Erdmann, 
J. pr. 33, 190; 37, 385; Baeyer, A. 155, 257). 
Purree is boiled with water and the residue ex¬ 
tracted with dilute HCl ; on cooling the euxanthio 
acid separates in stellate groups of needles. 
Euxanthic acid is also excreted in small quan¬ 
tity by a rabbit after taking euxanthono (Eos- 
tauecki, B. 19, 2919). 

Propsrtres.—Pale-yellow needles, containing 
aq when crystallised from alcohol, but 3aq when 
ppd. by HCl from its ammoniac^ solution. It 
has a sweet taste and a bitter aftertaste. It is 
si. sol. cold water, v. sol. boiling alcohol, m. sol. 
ether. Alkalis colour its solution deep-yellow. 
When cautiously heated at 170° it gives off water 
and CO 2 , leaving a yellow sublimate of euxan- 
thone. Alcohol and HCl also give euxanthone. 
HNO, gives tri-nitro-euxanthone and tri-nitro- 
resorcin. By heating with dilute H^SO^ (2 p.o.) 
at 140° it is split up into euxanthone and glycn- 
ronic acid (Spiegel, B. 15,1965). r 

Salts.—The euxanthates of the alkalis are 
V. e. sol. water, but are ppd. by excess of alka¬ 
line carbonate. The euxanthates of Ba, Ca, and 
Mg are si. sol. cold, v. sol. hot, water. The basic 
Mg salt which occurs in purree is insol. water.— 
NH^HA'^aq: light-yellow needles.—KHA"aq.— 
MgA" 9aq?: occursin purree.—PbB[ 2 A" 2 .—PbA". 

Di-bromo-euxadthioacidCigHuBr^Oi,. Minute 
golden-yellow needles (oontoii^g aq). 

Di-ohloro-euxantbio acid C,eH,4Gl20i^ 
Formed by passing Cl into water in which 
enxanthie add is suspended. Colden scales; 
insol. water, V. sol. boiling alcohol. Its salts are 
mostly gelatinous. 

Nitro-duzanthio acid C„H,.,(N02)0,4. From 
the acid and cold EtNO, (S.O. 1*31). 8Uaw* 
coloured lamines (from alcohol). 

EDXA5TH0NE t.e. 

probably 
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0,H,(0H)-0 

1 I . [282®]. V.D.80(oalo.7-9). A 

0;H,(0H)-C0 

product of the decomposition of euxanthio acid 
(Stenhouse, A. 51,425; Erdmann, A, 52,365; 
60, 239; Schmidt, A. 93, 88 ; Graebe, B. 16, 
864). It is produced by heating the acid or its 
Ba or Pb salt; by treating the dry acid with cone. 

f jSOf; or by treating its alcoholic solution with 
Cl. Pale-yellow needles or lamincs (fro>n 
alcohol); v. si. sol. water, v. sol. ether, si. sol. 
alcohol (KUlz, Z. B. 23, 475). It may be sub¬ 
limed. It is neutral in reaction, dissolves in 
alkalis, but not in dilute acids. The alcoholic 


solution is ppd. by lead subacetate, but not by lead 
acetate, baryta, or lime. FeGl, gives a green 
colour. Does not react with hydroxylamine or 
with phenyl-hydrazine (Spiegler, B. 17, 808). 

Reactions.~1. Nitric acid forms tri-nitro- 
euxanthone and tri-nitro-iesorcin.—2. Passing 


over heated sinc-dmt forms CIL<[^ 


CJI 

CJi 


and 

4''’^ 


sodium-amalgam and water it dissolves with a 
blood-red colour. 

BUXANXHOHIO ACID i,e. 

P i]OBH,(OH)3.CO.OgHj(OH)i[l g]. Tetra-oxy- 
bemop^ienone (?). Formed from euxanthone by 
potash-fusion (Baeyer, A. 155, 259). Tellow 
tieedles (from water). Forms a reddish-yellow 
pp. OjsHfPbjOj with basic lead acetate. Its so* 
lution in potash rapidly oxidises in the air, be¬ 
coming dark. l''eCl, colours it red. Hesolved by 
heat into water and euxanthone, which sublimes. 
Boiling aqueous NH, {Jso forms euxanthone. 
Potash-fusion converts it into hydroqninone 
iQraebe a. Peer, B. 19, 2607). 

EVEENIC ACID 0„H„0,. [164®]. Obtained, 
together with us^iic acid, by macerating the 
lichen Evemia pninastri with milk of lime and 
ppg. the filtrate with HGl; it is extracted from 
the dried pp. with boiling alcohol and ppd. by 
water (Stenhouse, A. 68 , 83; Pr. 18, 222). 
Groups of 'small needles (horn alcohol). Insol. 
cold water, v. sol. cold alcohol and ether. It 


other products.—3. Potash-fusion gives hydro- i 
([uinone and euxanthonio acid (Baeyer, Z. [2] 6 , 
569).—4. Sodium-amalgam gives a colourless 
compound which turns violet-black in the air 
(Wiohelhaus a. Salzmann, B. 10,1398). 

Salts.—A"Mg: insol. water, nearly insol. 
alcohol. 

Methyl ether [130®]; yellow needles 

or prisms, sol. alcohol and ether (Graebe a. 
Ebrard, B. 15,1675). 

Ethyl ether [ 120 °]; long colourless 

or yellow prisms, sol. alcohol and ether. 

Acetyl derivative C, 5 HbAc 204 : [195°]; 
yellowish prisms (from benzene); sol. alcohol, 
gl. sol. ether. 

Benzoyl derivative: [214°]; yellow crys* 
stale, sol. aniline, insol. alcohol, ether, benzene, 
&c. 

Constitution.—Euxanthone is clearly a 
di-oxy- derivative of the so-called di-phenylcno 
ketone oxide, but as this substance does not 
react with hydroxylamine, Spiegler suggests that 

ObH4.0 

it should be represented by the formula ^ 
rather than 

Bi-chloro-euxanthone OuHgCl^O^. From di* 
chloro-euianthio acid by dissolving in cone. 
11:^804 and ppg. by water (Erdmann, pr. 37, 
397). Yellow powder. 

Tri-nitro-euxanthoae 0 ,*Hj(N 02 ) 304 . From 
euxanthone and HNO,. Minute yellow needUs. 
Further treatment with HNO, gives tri-nitro- 
resorcin. NH, forms reddish-black grains of 

C„H4(NH4)(N04),0, 

CBH3(on).co 

Iso-euxanthone | I . Lactone of 

04 H,(OH ).0 

tri-oxy-diphenio acid. [243°]. Obtained by 
heating di-oxy-benzoio acid (^-flfeaoroylio acid) 
with acetic anhydride; the yield is about 4 p.c. 
(Bistrzyoki a. Kostaneoki, B. 18,1986). Small 
needles. V. sol. alcohdl, ether, and aqueous al¬ 
kalis forming yellow solutions,insol. water.^ Sub¬ 
limes in long yellow needles. Fe^Cl, gives a 
greyish-green colour. The alcoholic solution 
eivew a yellow pp. with MgSO«* Treated with 

VoL. U. 


does not decompose solutions of NaECO, in the 
cold; its Ga salt is decomposed by CO,. De¬ 
composed by boiling with water or baryta-water 
into CO 2 , orcin, and everninio acid. 

Salts.—BaA'jaq; small prisms, si. sol. cold 
water, v. sol. dilute alcohol.—KA': silky crystals, 
r 1. sol. cold water, v. sol. dilute alcohol and 
I aqueous KOH. 

I Tetra-bromo-evernic acid G| 7 H, 3 Br, 0 ,. [161®]. 

I From dry evernic acid and dry Br. Colourless 
! prisms (from alcohol); insol. water and G3„ sL 
sol. hot benzene, v. sol. ether. 

EVEENIIN C,H ,407 (Stude, .1.131, 241). A 
substance extracted from Evemia prunastri and 
related to the sugars. The plant is macerated 
with cold dilute soda-ley till the liquid acquires 
a dark-green colour; the filtrate is mixed with 
alcohol; and the brown flocks thereby precipi¬ 
tated are redissolved in water and purified by 
rciieated precipitation and boiling with animat 
charcoal. 

Everniin is an amorphous, yellowish, taste¬ 
less powder, which swells up in cold water and 
dissolves easily in hot water. Its aqueous solu¬ 
tion gives with lead acetate and ammonia a pp. 
soluble in acetic acid. It is ppd. by a large ex¬ 
cess of glacial acetic acid. It prevents the ppn. 
of lead by HjS or sulphuric acid, a property 
likewise possessed by glycogen, inulin, Uohenin, 
and gum. Everniin is not coloured by iodine. 
Dilute acids easily convert it into glucose, 

A substance closely related to, or perhaps 
identical with, everniin is obtained from BofTMia 
ciliaris. 

EVEENINIC ACID C,H„ 04 . [157®]. Formed 
by decomposing evernic acid with caustic alkalis 
(i(Jenhou 80 ,i. 68,86; Hesse,i. 117,299). Bestpre- 
pared by boiling evernic acid with baryta water; 
BaCO, is ppd., and thdflltrate, treated with HOI, 
gives a pp. of everninio acid. Lanunce, si. sol. 
ooid,m. sol. boiling, water, v. e. sol. alcohol and 
e^er. FeClj colouri* its solution violet. Gone. 
HNO, forms evernitio acid OfHg^OJgO, Of 
0 ,Hb(N 0..),0,? whioh forms pale yellow prisms, 
si. sol. cold, m. sol. boiling water, and forms a 
crystalline potassium salt G,H 7 K. 4 (NPg),Og ? 
(Hesse). Evernitio acid is perhaps di-wkro- 
everninio acid. Everninio aoid differs from ever- 
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e 

nie acid in nol jieiding oroin when boiled with 
potash* 

Salti«-~Ba(OAO ,)3 2aq: long fonr-eided 
prisms, nearly inaol. alcohol.—AgA': white pp. 

Ethyl etkdr l&ik!. [66®]. From everaio 
aeid by boiling for 9 hours with strong alcohol, 
or with alcohol containing KOH. Long ooloor-® 
less crystals (from alcohol), insol. cold, nearly 
insol. boiling, water, v. aol. alcohol and ether. 
Dissolves in aqneons KOH but not in aqueous 
KH, or K,00,. 

KXCBSUENT. Berzelius {Lehrhueh [4] 9, 
840) found in human feeces: water, 76*3 p.o.; 
bile, ’9 p.c.; albumen, *9 p.o.; soluble organic 
matter, 2'? p.o.; salts, 1*2 p o.; insoluble residue 
of digested food, 7‘9 p.o.; insplublo organic mat¬ 
ter (mucus, bile-resins, and fat), 12 p.c. Human 
dxcrement, acidified by HjSO,, yields on distil¬ 
lation acetic, n- and iso-butyric, valeric and 
caproio acids, phenol, indole, and skatole (from 
ffjtoTdjafaces) (Brieger,/. pr. [2]17jl24). V. 
also Wehsarg, Unlersuchung. der Faces, Giessen, 
1863; Porter, A. 71, 109; Fleitmann, P. 75, 
356; Marcet, T. 1854, 265; 1857, 403; C. J. 
10,162; Harley, Pr. 7,122. 

Thenard (C. B. 44, 980) found in fermented 
manure an acid OmTIjaNjOu, which may be ppd, 
from an aqueous extract by HCI. It is n black 
mass, insol. water, v. si. sol. alcohol and ether. 

BKCBBTIK 0^3,0 (Hinterberger, A. 166, 
213; cf. Marcet, Pr. 9, 808). Obtained by ex¬ 
hausting fresh excrements with boiling alcohol 
and leaving the solution to stand for a week. A 
black pp. then separates out, containing excretiu 
and the salt C 5 ,H,„MgNO,,. The filtrate is ppd. 
with nAlk of lime, and the dried pp. treated with 
a hot mixture of ether and alcohol. On expos¬ 
ing the solution during a week to a temperature 
below 0®, crude excretin crystallises out in serai- 
globular masses consisting of yellow needles. It 
is purified by crystallising it repeatedly from al¬ 
cohol, with addition of blood-charcoal, the tem¬ 
perature being kept below 0°. Bromine converts 
it into di-bromo-excrctin, CjjHj.Br^O, which sepa¬ 
rates from amixthreof ether and alcohol in hard 
brittle crystals grouped in globular masses. A 
crystalline chlorine-compound could noi be ob¬ 
tained. 100 pounds of fresh excrements yielded 
8 grams of pure oxcretin. 

EXPL08I0K. If a system is in such a condi¬ 
tion of physical or chemical cquilihrium that a 
variation of that condition involving a transfor¬ 
mation of ener^, and initiated at any one point, 
will spread rapidly through the system of its 
own unaided action and without the supply of 
energy from without then the system itself is 
said to undergo explosive change, and the i 
change itoelf is called explosion. If the velocity | 
of Change is small the explosion becomes n com¬ 
bustion ; li large, a detonation. 
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Von Oettingon a. Von Gernet, W. 4,1888. 

From considerations of economy of space the 
following account of the vast mass of \gork which 
has been done in connexion with the theory of 
explosions has been compressed as much as 
possible. 

Expixision of Gases. — First really studied 
by Davy, and leading to the invention of the 
safety lamp; afterwards by Bunsen, Horstmann, 
Berthelot, Vieille, Sarrau, Mallard and Le Cha¬ 
telier, Dixon, Clerk {Gas En<]inc, Longmans, 
1887), and Von Oettingen and Von Gernet. The 
latter found (TV. 4,1888) that when a eudiometer 
tube is filled with water-gas (H^ & 0) and explosion 
is induced by an electric spark, the luminosity U 
sufficient to enable a photograph to be obtained 
when the dust of some copper salt is distributed 
in the tube. By an ingenious combination of 
apparatus the flash can be reflected from a rota¬ 
ting plane mirror, and a real image of the ana¬ 
lysed phenomena thrown on a sensitised plate 
(Eastman’s negative) contained in a camera. It 
appears from a study of the picture obtained that 
the explosion is really very complex. The photo- 
graphically active illumination does not occur 
tM ‘001 sec. after the passage of the spark, this 
represents the time required for the copper salt 
dust to become luminous. The explosion, how¬ 
ever, is shown to *be practically over by this 
time. The photographs show waves of compres¬ 
sion (indicated by excessive luminosity) to be 
travelling up and down the tube. There is also 
some indication (not convincing) of successive 
partial explosions taking place at periods of 
about ‘0001" to *0002". Bunsen has suggested 
(P. 18671 that the temperature at first attained 
is so high as to prevent complete combination, 
or in o^er words to cause dissociation of steam, 
and that as cooling takes place a number of 
secondary explosions occur until the combina¬ 
tion becomes complete. These supposed roe- 
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MUire exploiloni an indioated bj secondary 
waTe-markingB in the photograph. The explo- 
bWo velocity appears to be about 2,800 metres 
per second, and the velocity oi the pressure 
waves about 600 metres per second. It the tern* 

f iexature reaches SOOO'^C., as indicated by Berthe* 
ot, sound would travel through the gas with a 
velocity ot 1,150 metres per second; the result 
theretore shows (assuming the reasons given for 
identifying the observed wave with waves of com¬ 
pression to be valid) either that 3000°C|iB far too 
high a temperature, or that the displacements in 
the wave motion are such that the velocity is 
less than the velocity of sound, which is unlikely. 
Probably the conditions are suclf as to preclude 
any comparison with the velocity of sound under 
ordinary conditions; even supposing the adiaba¬ 
tic condition to be really fulfilled (but from the 
mere fact of the possibility of photographing we 
know this cannot bo the case) there is room for 
great speculation as to the value ot y. Again, 
Kundt finds that powder in the tube has con¬ 
siderable effect even with small disturbances, and 
that in narrow tubes the velocity diminishes 
both with the diameter of the tube and with the 
wave length of sound {v. Rayleigh’s Sound, 
vol. 2, pp. 2(5-54). Besides all this, the displace¬ 
ments are probably so large as to render the or¬ 
dinary equations unavailable. The whole of the 
photographically luminous phenomena are over 
in *004 seconds. These researches, however, 
require confirmation. 

The farther stages have been investigated by 
other philosophers. In 1867 Bunsen published 
an account of some experiments he had made 
to dotermino the maximum pressure due to 
an oxplosioff as well as the velocity with which 
explosion proceeds in gases. By estimating the 
heat produced during any explosion -which may 
be done from thormo-chemical data—and as¬ 
suming that the specific heat of the products of ! 
combustion is either constant, or varies in some j 
assumed way, it is clear that the maximum | 
pressure produced may be calculated by assum- j 
ing Boyle’s Law or any modification of it—of j 
course on the further assumption that no heat; 
is lost from the exploding mixture before the 
maximum pressure is attained. Bunsen found 
that in certain explosive mixtures tested by 
him the Jheoretical pressure was never even 
approximately attained. The pressure gauge in 
Bunsen’s experiments consisted of a sort of 
safety valve loaded to a known extent. Now it 
is clear, from the study of the equation of motion 
of such a valve, that much will depend on (die 
period during which it is subjected to the high 
pressure; in fact to get a satisfactory result we 
ought to take into acoounk the period of time 
during which the gases are rising to their real 
maximum of pressure. This period was an un¬ 
known quantity till Sarrau a. Vioille and Ber- 
thelot determined it about twelve years later. 
However, Bunsen concludes from lis experiments 
that the reason for the calculated maximum 
pressure not being attained in his apparatus is 
to be sought in the dissociation or rather post¬ 
poned combination of the explosive gases. Ban- 
sen also attempted to measure the velocity of 
combination by allowing the mixed ^es to 
stream out by a narrow hole, and finding the 
least possible velocity whioh would prevent ex¬ 


plosion running back into the reservoir. The 
assumption made is that when the velocity of 
efflux equals or exceeds the velocity of explosive 
propagation the fiame will not run back. This 
we know cannot be true because of the conduc¬ 
tivity of the material through which the Jet 
'passes; and besides this there is the cooling of 
the jet by expansioft to be considered, tending 
to cause the rate of combination thus obtained 
to refer to gases at an undiscovered temperature. 
Fox water-gas Bunsen got a velocity ot 84 metres 
per second, and tor a mixture ot equal volumes 
of carbon monoxide and oxygen he obtained the 
rate of one metre per second at atmospheric 
pressure. Mallard and Le Chatelier (A. Af. 8, 
(1871)) show thatkfor different mixtures the ve¬ 
locity becomes much smaller if an excess of one 
component is employed, or if an inert gas be 
present; they also show that much depends on 
the mode of infiammation. With the chemical 
ideas wo shall have to deal later on. The real 
measure of the velocity, as well as of the later 
phenomena of combination, we owe to Dixon (T. 
1884, ‘ On Conditions of Chemical Change in 
Gases ’), to Sarrau and Vieille, and to Bertbelot 
(Berthclot, TraiU sur la force dcs matiires ex¬ 
plosives). The works in question are haj>pily 
easily accessible, and therefore a mere summary 
will suffice here:— 

j 1. The initial velocity of explosion depends 
on the diameter of the tube, on the prossuro of 
I the gases, on the initial mode of inflammation, 
i and on the temperature of the mixture. 

2. If tho pressure is not too low and the 
diameter of the tube not too small, the Reaction 
velocity will be accelerated, and will finally rise 
to a certain value which is henceforth pretty 
ooDstaot. 

8. This velocity is independent of the nature 
of the material of tho tube, and of its length, 
provided thiti is above the ‘ critical value ’ re¬ 
quired to enable the so-called explosive wave to 
get established. The same remark applies to 
the diameter of tho tube. • 

4. The velocity of the explosive wave does 
not depend on the pressure between the limits 
investigated, nearly to an atmosphere. 

5. Theinfiuenceof the chemical nature of the 
mixture is difficult to estimate, because in vary¬ 
ing tho composition, the disengagement ot heat, 
and oonsequently the maximum temperature, 
varies. In fact the velocity approaches the 
velocity of molecular motion*(of translation) 
oalcttlated by Clausius and given by bis formula 

V=29-354yj- 

where T Is absolute temperature on tbethehuo- 
d^amio scale, aud p is the density of the gas 
referred to air (it is th« density of the products 
of combustion that should be taken, but as un- 
known dissociation intervenes this is often 
difficult to estimate)# The approximate agree- 
ment of this formula with the observed velocity 
suggests that very possiblj^it may afford a better 
means of measuring the real absolute tempera- 
tare in tho explosive wave than tho thermo- 
oheimoal data actually employed. For although 
the same uncertainly exists as to the value of 
0 wt need make no assumption as to the speoifio 
mm2 
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EXPLOSION. 


heat of the gases at the high temperature I hydrogen, and oxygon (too littio for complete 


attained. 

C. The explosive wave may be initiated at 
once by using a suitable detonator o! mercury 
fulminate. Beribelot used fulminating electric 
interrupters to obtain registration on his chrono¬ 
graph. Dixon used similar interrupters without 
the fulminate, and found thatClaueius’ formula 
gave good results when the gases were wet. In 
fact dryness or wetness of tho gases is im> 
portant for most mixtures, but not for water-gas. 
Borthelot and Vieille used a falling rod chrono¬ 
graph, Dixon a myograph. Dixon hnds that in 


combustion), concluded that the ratio of water 
to carbon dioxide formed did not vary oontinn- 
ously, but by sudden jumps. Bunsen also found 
that the more rapid the oombustion the more 
water and the less carbon dioxide was pro¬ 
duced. Horstmann, by using pretty long tubes, 
got numbers from which be deduced a theory of 
the ooefficient of affinity. Dixon discovered thalf 
for uniform results it is necessary that the pres- 
' sure sbojald be above the * critical pressure.’ 

I This' critical pressure ’ is the pressure beyond 
which length of tube has no effect on the result * 


mixtures of carbon monoxide and oxygen the ! it is higher the less explosive is the mixture. For 
reaction products depend on the velocity of | instance, wet carbon monoxide with 12 p.o. of 


explosion, i.e, on the tem^rature obtained; 
carbon may even be deposited at high velocity. 
Similarly Beribelot and Vieille succeeded in 
completely decomposing acetylene into carbon 
and hydrogen by starting the wave with mercury 
fulminate. Finally Sarrau and Vieiile (C. R. 
105,1222-4) hnd that the final equilibrium in 
many exploded gaseous mixtures depends on the 
pressure obtained; which in turn depends on 
the density of charge. Density of charge is 
defined as 

charge in grams 


vol. available for explosion in cubio centimetres. 

The following table will give an idea of the 
results obtained by Messrs. Berthclotand Vieille; 
the remarks are from Dixon’s paper 


ICixture 

Sp. Grar. 
of products 

Theoretical 

temperature 

absolute 

Velocity 

calculated 

Velocity 

found 

Bemnrks 

H.-i-O 

•622 

6780® 

2831 

2810 

Wet or dry. 

CO+0 

1'629 

6700® 

1941 

1089 

l)r\ ; when wet 
agrees better. 

C,H,-f60 

C,H,+30, 

1*227 

1007® 

2660 

im 


r075 

7880® 

2517 

22«'9 


O^.-I-SO, 

1-843 

9660® 

2490 

2195 

Does not explode 
dry atnnliuary 
pressures. 


Mach and Wentzcl {W. [1885] 26, 628) have 
investigated the velocity of decomposition of 
silver fulminate piled in a heap in free air. 
This they did by an ingenious method of firing 
two linear parallel heaps of fulminate on, or at 
the edges of, a plate of smoked glass. The heaps 
of fulminate were of equal length and were 
ignited simultaneously at opposite ends by the 
discharge of a Leyden jar. On examination, the 
smoked glass showed markings due to the 
motion of the air caused by the explosion. The 
authors pote particularly a line which appears 
to be straight and inclined at an angle to the 
parallel heaps. This is supposed to be the 
line representing the locus of points of equal 
time with respect to th^ detonating heaps. If 
the velocity of the considerable aerial disturb¬ 
ance be taken at 400 metres per second, then by 
Huyghens’ principle ^ 


400 


metres per second, 


where V is tho velocity of ignition sought for. 
An experiment gave V>1,700 metres per second 
and <2,000 metres per second. 

Notes as to cJismieal cfwnt/es.—Bunsen, ex- 
perimenting wi^ a mixture of oarbon monoxide, 


free oxygen has a' critical pressure' of 400 mm.; 
if there is 19 p.c. of oxygen the * critical pres¬ 
sure ’ falls to 200 mm. The * critical pressure * 
is then the pressure above which the true ex¬ 
plosion takes place. When the pressure is 
above the * critical pressure,’ and when the pro¬ 
ducts of combustion are prevented from leaving 
the sphere of action by condensation or other¬ 
wise, and no inert gas is present to lower the 
temperature, and there is less hydrogen than 
twice the volume of the oxygen, then the co¬ 
efficient of affinity (to be defined ^low) remains 
constant and is equal to 4; or in other words 
the ratio of burnt to unburnt gas is constant. 
A typical case is a mixture of oarbonic oxide, 
hydrogen, and oxygen. 

T,. * *. 2H-^-0, = 2H,0\. 

Direct actions are 2c6 + 0,-2CbJ* 

.V . . H.O + CO = H, + CO,\ 

reverse actions are h; 4 .CO, = H,6 + CO/• 

If H is the number of moleoulcs of steam, H' 
the number of molecules of hydregen, K' tho 
min\ber of molecules of carbon monoxide at the 
beginning of the reaction, and K the number of 
molecules of carbon dioxide at the end of the 


reaction, then 


K'H 

KH’’ 


a the coefficient of affinity. 


For real information on these points the 
paper must be consulted. We can also do no 
more than refer to the very important experi¬ 
ments made by Mallard andLe Ghatelieron the 
pressure produced by gaseous explosions (A. M. 
[8] 4, 272 [1883]). These philosophers used a 
Bourdon gauge mdioator, and obtained a dia¬ 
gram showing the rate of cooling of the gases 
of explosion. The experiments of Clerk (f.c.) 
were directed to the practical application of 
gaseous explosions in gas engines; his appa- 
r^itus consisted of a Biohards’ indicator with a 
drum travelling at constant speed; and his 
results are of a definite practical importance. 

Liquids and Soljds. General phenomena .— 
For purposes of convenience the solid explosives 
are generally divided into two classes: one 
typified by gunpowder, the other by detonated 
gun-cotton. The first class is (or the most part 
occupied by eij^losive mixtnres; the second by 
explosive compounds. An accurate practical 
distinction may be made between those sub¬ 
stances in which detonation may be produced 
as easily as in gun-cotton, say, and those in 
which it cannot be so easily produced. The 
general phenomena common to both classes ol 
explosives are:— 

1. 4 rapid chemiq^l change attended by in 
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erease of Tolume and production o! heat (this 
woludcB such oases as the action of tartaric 
acid on aodium carbonate where heat disappears). 

2. A dependence of the rate, and hence 
generally of the nature, of the decomposition 
on the greater or less facility which the pro¬ 
ducts have for escaping from the seat of the 
reaction. This information we owe to Abel. 

8. It the substance is inclosed in a confined 
space the final pressure of the products will de¬ 
pend on the ratio of the volume of thd space to 
the volume of the explosive substance; on the 
heat produced during the reaction; on the 
nature of the reaction as infinenced by the 
escape of the products; on tho greater or less 
dissociation of the products.; on the physical 
state (solid, liquid, or gaseous) of the products at 
the temperature of the explosion; on the- rela¬ 
tion of the velocity of cooling to the velocity of 
the reaction; and finally on the mode of infiam- 
mation in relation to the initial temperature. 

We may at once premise that explosives of 
the second class differ essentially when * deto¬ 
nated ’ from explosives of the first class, in that 
their reaction is analogous in point of velocity 
and means of propagation to the explosive mode 
of ‘ decomposition ’ observed in gases by Berthe* 
lot and Dixon. 

It is immaterial whether the reaction by de* 
tonation or explosion of the * first order,' as it 
is sometimes called, is brought about by a 
detonator of some other sudden explosive, or 
whether it is produced by tlio gradual rise of 
temperature and pressure produced by the pro¬ 
ducts of the decomposition of some other part of 
the same n^ss. A detonation of gun-cotton may 
be produced equally well by using a detonator of 
confined fulminate of mercury, and preventing 
the escape of the products of combustion, or by 
igniting a portion of the gun-cotton by the 
application of a hot body or flame. 

Many substances detonate or not according 
to the circumstances in which they are placed. 
Fulminate of mercury, for instance, piled in 
small quantities on a sheet of iron may be in¬ 
flamed by a wire laid on the top without pro- 
ducing a much greater explosion than would be 
produced by gunpowder under similar oiroum- 
stances. If the wire is placed beneath the heap 
and heated by a current to a sufficient tempera- 
tt^e the slight resistance to the escape of the 
products of oombustion first formed will be suffi¬ 
cient to convert the puS into a loud detonation, 
which bruises the plate. 

It is very easy to get the explosive wave es¬ 
tablished in fulminate of mercury, and in fulmi¬ 
nate of silver and iodide of nitrogen it is difficult 
to prevent it becoming 68tal)li8hed. (In some of 
Abel’s experiments on the transference of ex¬ 
ploding influence through tubes it was noted that 
the fulminate of sUver did not explode with its 
usual violence.) In the nitroglyoarin oompounds 
the relative ease or difficulty of establishing an 
explosion of the first order, detonation, de¬ 
pends largely on the physical state of the sub¬ 
stance. In all oases wnat is required is that the 
pressure on, and the temperature of, a {K>rtion, 
no matter how small, of the substance to be ex¬ 
ploded, shall rise above a oertmn oritioal value 
which depends on the nature, initial temperature, 
uid physical state, of the substanoe. It is not 


necessary to make any hypothesis such as that 
long since suggested by Abel as to ‘ synchronism 
of vibration,’ the anomalies which it was framed 
to account for having either arisen from mis¬ 
apprehension, or having been accounted for in 
•other ways. 

We proceed to the general theory. 

Provided the reaction is complete heat 
given out may be obtained from the thermo- 
chemical data which we owe to Beithelot. A 
little care is requisite here, because it generally 
happens that some of the products of combustion 
are liquid at ordinary temperatures. Kow if we 
wish to determine the maximum pressure, this 
will involve a knc^ledge of the heat of combus¬ 
tion when all the products are kept gaseous. 
Sometimes it may happen that a reaction taking 
place at high velocity is not identical with that 
at the velocity actually attained in the neoMsary 
oalorimetfio experiments. In such cases we must 
make sure (by analysis of the products) either 
that the reaction has not changed, or if it has, 
due allowance must be made in the thermochemi¬ 
cal data. A much greater difficulty arises in esti¬ 
mating the percentage of combination which has 
occurred when the maximum pressure is reached. 
We may either introduce a correction (if one is 
to be found) in the data for the heat of reaction, 
or in the data for the specific heat of the pro¬ 
ducts. It will be convenient to assume, with the 
higher explosives at all events, that the maximum 
pressure is reached before any heat is lost to the 
containing vessel. It will also be important to 
note that a decomposition-reaction taking place 
at constant volume may not be identical with the 
reaction at constant pressure. With the higher 
explosives the reaction even in the open air is 
more nearly at oonstant volume than at constant 
pressure. 

If Qv is the heat of the reaction available for 
raising the temperature of the products at con¬ 
stant volume, and Qp is the corresponding 
number at constant pressure, and if the volume 
of gM liberated is known, thefi Qu = Qp -J- thermal 
equivalent of work done in overcoming external 
pressure. For instance, for 227 grms. of nitro¬ 
glycerin Qj) will be 356’6 kilogram-degrees, and 
Qv 360'd kilogram-degrees. The volumes of 
tho gases of combustion being supposed to be 
reduced to 0® and to expand against a pres¬ 
sure intensity of one atmosphere, Qv comes 
to 1,690 gram-degrees per giom of nitro-gly- 
oerin at an initial temperature of 16®0. Sar- 
rau and Vieille found by a calorimetric experi¬ 
ment 1,600 gram-degrees.. To take a simple case: 
Suppose the thermal value of the reaction (Qu) 
can be obtained for a gram of substance, let this 
quantity of substance be inclosed in a space of 
vec.c., and suppose its own volume negligibly 
small in comparison; ^t the products of reaction, 
supposed still gaseous and obeying Boyle’s Law, 
occupy a volume i/ at 0*^ and 760 mm.; let the 
specific heat of thej>roduct 8uppos.od constant ^ 
til tr, and let m represent the ratio of the por¬ 
tion burnt to the whole init&I amount at the 
epoch of maximum pressure P, then the formula 
will become 



Kow it is cleat that as this oalcal.'ttion U 
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based on Bojle’a Law, the temperature being | 
considerable, we must expect a merely approxi* 
mate result, according to Amagat’s experiments 
at high temperatures and pressures. Again our 
knowledge of c, a quantity which is possibly de¬ 
pendent on the pressure and temperature, is' 
mere guess work, and the s/une may be said for 
m. The only at all satisfactory caso is that of 
fulminate of mercury (HgC^K^O,;}, the products 
being 2C0 and N,, a mixture not very suscep¬ 
tible of dissociation, though Dixon noted that 
even CO is decomposed at high velocities. Ber- 
tbelot shows that the effect of dissociation is in 
all oases to lower the pressure, the beat used 
being without exception insupiciently compen¬ 
sated by the increased volume ol the gas liberated. 
For speculation as to the probable value of F 
from theoretical considerations the reader is re¬ 
ferred to Bertbelot. We shall describe the prac¬ 
tical way in which the pressure is measured, and 
content ourselves with pointing out that Berthe- 
lot’s theory leads to results which sometimes 
(according to bis success in guessing m and <r) 
do not differ widely from the experimental re¬ 
sults. Of Berthelot’s experiments it is impM- 
sible to speak too highly. 

The instrument used in measuring pressures 
is based on the crusher gauge invented by Bod- 
man, and improved by Noble and by Abbot; the 
former by the introduction of a cylindrical 
crusher and copper cylinder, the latter by the 
addition of a clutch making its use possible ; 
under water. For our purpose the best experi- j 
ments are those of Sarrau and Vicille, for to them 
belongs the honour of having rightly interpreted 
the indications afforded by the gauge. The dif¬ 
ficulty of interpretation will be best understood 
after a short description of the normal type of 
crusher. This instrument consists essentially of 
a hollow cylinder of mild steel, strengthened, 
if necessary, externally by winding with wire. 
The cylinder is open at one end and closed at tlie 
other by a strong screw plug; the explosive to 
be investigated is ptaced in the hole and usually 
rests near the plug; the electrical firing arrange- 
ments pass through the plug itself. The capacity 
of the instrument used by Sarrau and Vieille was 
about 24*83 c.o., and the diameter of the bore 
was 2*2 centim. A ram piston is inserted into 
the open end of the bore, and is supported at its 
outer end by a cylinder of pure copper, which in 
torn rests on a missive anvil braced to the rest 
of the appaiatus. The instrument is strength¬ 
ened by two plates, one at each end, braced to¬ 
gether by strong bolts.. The dimensions of the 
soft copper cylinder are accurately determined 
by a previous experiment, and the charge is 
weighed and introduced below the plug, the 
volume of the bore down to the piston head bein;; 
accurately measnred. On^ing, the increase of 
pressure due to the explosive gases causes the 
piston ram to * crash ’ the copper cylinder. The 
problem is to find the xna^um pressure ex¬ 
erted on the cylinder. In Bodman's instrument 
the piston was furi^shed with an indenting tool, 
and apparatus itself was of slightly modified 
construction, being screwed into a gun and 
the piston being acted on directly by the ex¬ 
plosion of the gunpowder when the gun was 
fired. B^man’s interpretation was based on 
ttperimenlB made with a testing machine. Eis 


assumption was that the dimensions of the * out * 
of tlic copper depended on the maximum pres¬ 
sure the calibration was effected by producing 
an equivalent out in a testing machine and 
measuring the pressure at which it occurred. 

This is rightly criticised by Abbot, who adopts 
a rather different method. He uses a solid 
cylinder of lead and crushes it by means of sf 
fiat-headed piston. If the length changes during 
the operation from L to L', and if F is the mean 
resistanol of the lead cylinder to deformation, 
then the work done is 

W»F(L-L'). 

W is next measured by the fall of a hammer head 
pendulum. The distance through which the 
pendulum falls is so arranged that it produces 
the same crush as that observed in an experiment. 
In Abbot’s case the pressures measured were 
pressures of explosion under water, and his ap¬ 
paratus therefore more resembled Bodman’s. 
The kinetic energy of the blow being known, and 
the assumption being made that all the energy is 
effective in producing tbs crush, or, what comes 
to the same thing, that the effectivity is the same 
during the hammer-blow (he does not say this) 
as it is during the experiment—we have a means 
of obtaining in the first case an absolute measure 
of \V; in the second ‘ a measure proportionate 
to W. 

It is clear, therefore, that if the resistance is 
a known function of the length we shall be able 
to obtain a value for F leading to a true result. 
As a matter of fact the process of ‘ crush ’ is 
complex, the resistance being very different be¬ 
fore and after flow takes place. 

It is probable that in the immense deforma¬ 
tions employed by Abbot the chief resistance is 
resistance to flow, and this will to a certain ex¬ 
tent depend on the velocity of flow. In other 
words, his calibration is inexact unless the piston 
of the crusher moves with the velocity of the 
hammer. 

The explosion endues the piston with kinetic 
energy, and this energy is spent in deforming the 
cylinder. It is clear at once that much will de¬ 
pend on the time required for the pressure to 
reach its maximum considered in connexion with 
the mass of the piston. Sarrau and Vieille (C. B. 
05, 26,130) use copper cylinders in oannexion 
with the instrument described above. Th^ 
equation of slow crush in the testing machine is 
T-K, + K*. 

«bmng the crush, or change of length produced, 
E, and E constants, and T the pressure pro¬ 
ducing the observed crush. If the crush is not 
very great, and the rato of crush slow, K seems 
fairly constant up to pretty high values. It by 
no means follows, however, that the case is the 
same if the velocity of flow be great. When the 
cylinder is crushed by one explosion two extreme 
cases have tobe^onsidered. 

1. The piston may be so light that the pres¬ 
sure of the explosion is transferred to the copper 
cylinder praoUoally at the time of its develop¬ 
ment in the eiplcwion cylinder. 

2. The explosive pressure is so rapidly pro¬ 
duced, or the piston is so heavy, that the maxi- 

' Of coone In tii« cad aU the energy, or nearly oil, U 
converted into beat la the oyllsdcr and nelgbboaxing 
mrlaoes. 
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mum presBnre is reached hefort fhe^ton begim 
to WWW. 

In practice of coutbc there are intermediate 
cases. Let j>=*/(0 be the variable pressure at 
the base of the piston, m the mass of the piston, 
B the leslstance of the cylinder, u the displace¬ 
ment of the piston after time t, Keglecting the 
•ompressioQ of the piston, &o., the equation 
of motion is 

within the limits B=:Ko to Kt<. Neglecting the 
work done within the elastic limits of the cylin¬ 
der, and taking care that the charge is of such 
a size as not to cause the crush to pass the 
limit for which the equation holds, this becomes 

m||+E. + K»=/(«). 

This may be integrated, and when the pressure 
passes through its maximum P, we get a relation 
between this maximum and the final crush of 
Uie cylinder. This solution is of the form 

P = K,+ — 




t being the time from the origin to the epoch of 
maximum displacement, and the period of 
crush of the cylinder under a constant force 
acting without initial velocity through the 
mediation of a piston of equal mass wi; ^ is 
such a function that it is unity when the variable 
vanisiies, and decreases rapidly as the variable 
increases, the value of P depends on our 

knowledge of —, and this must bo determined in 

each case. 

Now, fj is given by 




/wi 

’"V E 


it is the period (or, as we should say, half 
period) of the piston. {is got by actual measure¬ 
ment: this is accomplished by allowing the 
piston to carry a style pressing on a chronograph 
drum. 

In a general way the ratio is found to vary 
according to the mass of the piston employed. 
Sarrau and Vieille, however, prefer so to vary 
the mass of the piston that one or other of the 
extreme conditions is fulfilled. If the pressure 
rises slowly (within the sense of the equation) 
then * 

P-K.+K.. 

If, on the other hand, the piston moves under 
constant force, 

Some interesting cases pre|,ent themselves. 
When — varies between 4*8 and 251, the crush 

remains the same (or nearly so) with powder, 
showing that with the piston used the &Bt 
equation must be employed. With potassium 
nicrate, on the other hand, no sensible value can 
be assigned to /, and the second condition is ful¬ 
filled. The same remark applies to gun-cotton 
and fttlxninate of mercury; with dynamite, on 


the other hand, we have an intermediate ease. 
The first condition is wholly unattainable in 
practice, and the second only when the mass of 
the piston is very great (in the experiments of 
Sarrau and Vieille it was4 kilos.). If thepiston 
had a mass of from 3*8 to 6'9 grs. only, then the 
crush for a given quo^tlty of dynamite was only 
half what it was when the crush was given by the 
heavy piston; for intermediate values of the 
piston weight the crush was also intermediate. 

With the exception, therefore, of the difii- 
culty above mentioned as to rate of crush, we 
may consider that Sarrau and Vieille’a experi¬ 
ments establish the right of the crusher to con¬ 
sideration as an instrument of precision. It 
must not be forgotten, however, that the indica¬ 
tions afforded refer to mean maximum pressures 
only. There may be much local variation at 
points near the centre of explosion. By con¬ 
sidering the nature of the possible means of 
escape of the gaseous products, it appears tlial 
vortex motion and jet motion may be set up. 
This was noticed by Threlfall (P. M. 1886) in 
the case of small explosions of fulminate of 
mercury under water, by Abbot in the case of 
large submarine dynamite explosions, and by 
Berthelot as a result of his general experience. 
The latter notes that metals subjected to the 
influence of detonating compounds are ' creus^a 
et sillonn^s,’ and referring to the seat of such 
explosions he remarks: 'En reality, les gaz 
brusquementdeveloppds par la reaction chimique 
reprdsentent de v^ritables tourbillons, dans les- 
quels il existo dos filets de mati^re sous des 
6tats de compression trSs diff6rents, et une 
fluctuation int6rieure.’ 

It will be evident that there is much diffi¬ 
culty in answering such a question as ‘ What is 
the strongest explosive ? ’—in fact, no answer 
can be given unless the conditions of explosion 
are specified. We may arrange explosives in 
the order of maximum pressures developed per 
unit mass in unit volume in a crusher gauge, or 
may construct a table showing the pressures 


produced by unit masses in their own volumes, 
or by equal volumes in their own volumes. For 
instance, in the case of fulminate of mercury 
with an actual density of charge at the rate of 
3 g. per C.C., the crusher indicates a pressure 
intensity of about 6,000 kg. per sq. oentim. for 
unit density (the standard condition). For cotton- 
powder the figure mounts to ^0,000 kg. per sq. 
centim. If, however, we consider equal masses 
of these substances exploding in a space just 
capable of containing tj^iem, the mercury ful¬ 
minate {thanks to its specific gravity of 4*42) 
will produce the enormous pressure of 27,000 kg. 
per sq. centim., while the number for the cotton 

S owder will be only slightly increased. Now 
etonatora in practice consist of confined (ffiarges 
in copper or tin tuBfts, and therefore it is clear 
at once why fulminate of mercury is the detona¬ 
tor par excelleTice, even though the energy ex¬ 
pended per unit mSsa is surpassed by other ex- • 
plosives. The period of thef attainment of the 
maximum pressure of detonating substances, ex¬ 
cepting nitro-glycorin compounds, may be taken 
as less than ysfeijth of a second. 

Fulminate of silver, though so remariaole ai 
a violent explosive, fails as a detonator throu^ 
lack of density. The peculiarity of it, and el 
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iodide of nitrogen, lies in the ease with which 
the explosive wave can be established in them, 
rather than in the ene^ run down by a given 
Tolume, which is the practically important 
point. With respect to the uncertainty in the 
method of calculation referred to at the begin** 
ning of this article, it seems as if the very high 
temperatorein the crusher gauge tends to counter¬ 
act the uncertainty produced by the enormous 
pressures. We give the following example of the 
aotu^ calculation in the case of fulminate of 
mercury:— 

The heat of formation of 

OjNjOjHg (= 284) is 114,500 gram-units. 
Deducting the heat of vapori^tion of mercury, 
this comes to 114,500 — 15,400 = 99,100 units 
available. Taking 4*8 as the molecular specitlc 
heat at constant volume of the mercury vapour, 
the carbon monoxide, and the nitrogen, and 
neglecting the difference between this Value and 
the value for liquid mercury, then 

4x4*8 

The volume of gas formed (CO + N) reduced by 
the ordinary assumption to 0*^0. and 7C0 mm. 
will be 22'82 litres. At a temperature 510P 
(taking into account the volume of gaseous mer¬ 
cury) we ^all have under normal pressure 

Y=89-28(u^^) 

— 1,776 litres 

as the quantity of gas given off by 284 g. of ful¬ 
minate in a certain crusher experiment. 

Now, 10 g. of fulminate were actually fired in 
a space of 50 o.o.; the corresponding space for 
264 g. would have been 1*42 litres, so by Boyle’s 
Law the pressure would be 

= 1.251 atraofl. 

1-42 

or 1^8 kg. per sq. oentim. 

experiment in the crusher gave 
«-2’4 mm., and the time of reaching the maxi- 
mom was negligiblO. Therefore (the constants 
being previonsly known) 

P-641+ 535 
-1176 kg. per sq. centim. 
Oomparing these two nambers we get an idea 
of the closeness of the results; they agree to 
witjun about 10 p.c. The deviation may be duo 
either to the error introduced by the flow of the 
ocqpper or by any of the assumptions in the 
ih^ry. The gauge-estimate is probably the 
more correct. 

The following notes may be of service. It 
Is vr^ known that many of the more rapid ex- 
phMivef An not require any tamping—i.e. a 
charge of gun-cotton simply laid on a rock will 
do nearly m much work in breaking and sbattea 
ing as u'it were covered with sand or clay- 
tamping. Tim season is*that the increment 


of volume tends to lake place with greater 
: velocity than that with which sound is propa¬ 
gated through air. Consequently it may happen 
that the pressure rises above the crushing 
strength of the rock, in which case fraoture will 
result. In order to produce any appreciable 
effect at all the velocity of explosion must be 
above some critical value; when this is surpassed* 
the amount of destruction performed will depend 
on the energy available. 

It is 4 well-known fact that a small charge 
of fulminate of silver fired on a card or thin 
slmet of glass will in general blow a hole through 
the card or glass without doing other damage. 
The cause of this phenomenon lias been sought 
by several observers, the most reasonable of 
whom appear to be Mach and Wentzel (Z.c.), who 
begin by showing that the same effect can be 
observed in a vacuum. This leads them to 
measure the velocity of escape of the gases 
formed during explosion, by observing their 
effect on hollow cups forming convenient por¬ 
tions of a ballistic pendulum. The resulting 
velocity turns out to be between 3,500 and 17,500 
metres per second, with a probability that the 
lower limit is the one most nearly approached. 
The authors argue that the density of the gases 
evolved with this velocity must be very consider¬ 
able, and hence that tho effect on an obstacle 
must be comparable with tho effect produced by 
tho impact of a projectile. This leads to the 
interesting question of what occurs when a 
soft body is caused to penetrate a hard one in 
virtue of its high velocity, as when a tallow 
candle or bit of soft wood is shot through a 
door. w 

The so-called ‘ sympathetic explosion ’ of 
charges probably does not exist. Cartridges 
both of gun-cotton and dynamite may be 
shattered to dust by an explosion without being 
ignited. Detonation may be produced equally 
well in chemical compounds and in mixtures, 
such as that of dinitrobenzene and potassium 
chlorate; in either case all that is required is 
that the pressure and therefore the temperature 
should rise to a sullicient value at any one point 
of the mass. 

Tho ease with which detonation may be 
brought about will depend ceterU paribus on 
the physical state of the explosive os ^ hard¬ 
ness, fiuidity, &o. The most powerful—i.e. 
energy-liberating-—explosive per unit volume is 
fulminate of mercury; the most powerful per 
uni^ mass is blasting gelatine (92 p.o. nitro¬ 
glycerin and 8 p.o. nitrocellulose [the exact 
composition of the particular nitrocelluloao it 
not stated]). The latter, owing perhaps to its 
physical state, is most difflonlt to detonate ex¬ 
cept in bard rock. For detailed information on 
matters connected with explosions the reader it 
referred to Berthelot B. T. 
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y A6INE. An alkaloid said to occur in beech -1 
note (Buchner a. Herbevger; Habermann, 0, 0. 
im, 789; 1884,1445). 

FAT. The term lat was originally applied 
to all compounds of carbon, hydrogen, and oxy* 
gen, which leave a permanent greasewtain on 
paper. ^ They were divided into solid fats and 
fatty oils, the latter being subdivided into drying 
and non-diring oils. Chevreul, showed that 
most natural fats are mixtures of olein, stearin, 
and margarin, the last body being subsequently 
proved by Heintz {A. 80, 293; 84, 297) to be a 
mixture of stearin and palmitin. Chevreul also 
showed that on boiling with potash the potassium 
salts of olelo, stearic, palmitic, or other acids, 
are formed as soaps, while glycerin is in most 
cases also produced. Chevreul classes paralfin 
and obolesterin as unsaponifiable fats, the other 
fats being saponifiable. The term fat is, bow* 
ever, usually confined to saponifiable bodies. 

Preparation.—Fat is obtained from animal 
tissue by melting at 100®. The membranous 
portions may be removed by adding 1 pt. of very 
dilute HCl (oontaining *03 pts. HOI of S.G. 1*12) 
to every 10 pts. of the raw fat, and heating m a 
water-bath (Pohl, D. P. J. 201,254). The rancid 
odour often acquired by keeping is due to volatile 
fatty acids, which may be distilled oil in steam 
by boiling with water (Dubrunfaut, C. P. 72,37). 
The odour may also be removed by treatment 
with aqueous NajCO,. Vegetable fatty oils are 
expressed from seeds; a second quantity may bo 
got by grinding up the seeds and pressing them 
a second time while hot. Nitrogenous substances 
are removed from the oil by shaking with 1 p.c. 
cone. H^SO^. Fats are also extracted from 
animal and vegetable products by benzene. 

Properties. —Solids or liquids, lighter than 
water, cannot be distilled. Insol. water, v. sol. 
ether, OS,, benzene, and light petroleum; sol. 
alcohol. When strongly heated they give off a 
pungent odour of acrolem. Alcoholic NH^ slowly 
converts the fats in the cold into glycerin and 
amides of the acids (Rowney, 67,157). 
Nitric aom oxidises fats, forming oxtuic, succinic, 
and adipic acids. Nitrous acid causes oils which 
contain olein to solidify through the isomeric 
change of that liquid to solid elmdin. 

Saponificatum.—'P&iB are broken up nito 
glycerin and fatty acids by treatment with supep 
heated steam, or by boiling with aqueous alkalis 
with water and PbO, or with dilute HjSO^ (c/. 
Benedikt, M. 9, 518). Saponification may even 
be effected at 46° by agitation of the melted fat 
with aqueous NaOH containing NaOi (M6ge- 
Moutids, 0. R. 68. 864; Legrand, D. P. J. 18G, 
161; Knapp, D. P. X 180, 30i^. 192, 498; cf. 
I>e Milly, D. P. J. 186, 145). Saponification 
may be oonveniently effected by heating with 
lime (3 p,o.) and water at 172°, or with H^SOt 
(8 p.c.) at 116°, glycerin being distilled off with 
superheated steam. 

Drying OUe, —Theseoils become solidthrough 
atmospheric oxidation. This tendency is in¬ 
creased by previous boiling with PbO» Idnseed 


pn Is the chief drying oH; It contains glyceryl 
linoleate. 

E$timation,--T)i^ amount of fat in a mixture 
is determined by extracting with ether, and eva¬ 
porating the extract. The amount of free fatty 
acid may be determined by titration (Stohmann, 
J.pr. [2] 24, 610; Hausamann, Fr. 21, 447; 
Groger, Fr. 22, 289; Krechel,Pr. 23, 261). The 
molecular weights of the higher alcohols end of 
the oxy- acids present in fats have been deter¬ 
mined by forminf their acetyl derivatives and 
then saponifying these bodies by alcoholic potash 
and titrating the excess of potash, using alcoholic 
phenol-phthalein as indicator (Benedikt a.Ulzer. 
M. 8, 41), 

Composition .—The following fats and fatty 
oils, amongst others, contain olein, stearin, and 
palmitin: fat of men, sheep, oxen, geese, and 
pigs, of canthaiides, cocoa beans, oil from seeds 
o£ species of Bassia, from Para nuts, from coo- 
cuius indicuB, and from maize. Olein and pal¬ 
mitin occur in cotton-seed oil, in bicuhyba fat, 
in palm oil, in the fat of beans, peas, and lupine 
seeds, and in elephants’ fat. Oil of rape and 
of mustard seeds contain glycerides of crucic and 
beheuic acids. Farth-uut oil contains glycerides 
of palmitic, arachio, and hypog»io acids. (3ocoa- 
nut oil contains glycerides of formic, acetic, 
butyric, hexoic, octoio, deooio, laurio, myrlstio, 
and palmitic acids. The fat from the seeds of 
Anacardiace<B contains olein and stearin. Cro¬ 
ton oil contains glycerides of formic, acetic, 
isobutyrio, isovaleric, tiglic, palmitic, stearic, 
lauric, myristio, and oleic acids. Almond oil 
consists almost entirely of olein. Nutmegs con¬ 
tain myristin. Castor oil contains glycerides of 
stearic and rioinoleio acids. Linseed oil consists 
chiefiy of the glyceride of linoleic acid, but con¬ 
tains also those of palmitic ^nd myristio acids. 
Cod liver oil consists chiefly of olein and palmi- 
tin, but it contains also small quantities of acetic 
and butyric acid and some compound of iodine. 
The oils from poppy seeds and from walnuts 
contain glyceryl linoleate and other glycerides. 
Batter contains glycerides of palmitic, stearic, 
myristio, arachio, butyric, hexoic, octoio, aod 
deooio acids. 

FATTY ACIDS v. Acids. * 

FATTY ALCOHOLS v. Alcohols. 

FATTY COMPOUNDS. This term is applied 
to oU organic compound^ whose molecules are 
suppos^ not to contain a closed chain of carbon 
atoms. 

FEELING’S SOLUTION. An alkaline sola- 
tin of potassio-tartrate of copper used in the es¬ 
timation of glucose, which reduces the solution 
with ppn. of red Cu^O. Fehling (A. 72, 106; 
106, 76) dissolves 192 grama NaK.C^H.O, crys¬ 
tals in a little watetf adds 600-700 c.o. NaOHAq 
S.G. ri2, and then 40 grama CuS 04 . 6 HX> in 
about 160 0 . 0 . water, and dilutes to 1164*4 c.o. at 
16*. Five milligrams of dry glucose ppt. all ihr 
On as Ca,0 from 1 o.o. of this solution. 

FELLIO ACID O^H^oO*. [120°]. An acid 
Mtid to accompany ohollo aoia in human fcibi 
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(Schotten, H. 11, 268). Strongly electrical intemiediatoprpduct of organic life. None hate 
powder, t^tes biiicr. It gives a red, but not a been prepared artificially, and plant and animal 
crimson, colour with Pettenkofer^s test.— organs by the secretion of these substances are 
DaA.'j4aq. S. l‘3.*-MgA.',2.^aq. enabled to perform their special functions. Their 

P£NNEL OIL. The oil of common fennel characteristiepropertiesaredestroyedwhentheir 
{AiHthum Fanicuhini) contains anethol and a« aqueous solutions are warmed to a temperature 
terpene (phollandrene) (o, 187’^) (Cahours, A. 41, near to 100°C., and no action takes place when 
75), the solution is cooled below another fixed tem-t 

FEBMEKTATIOK AND PUTREFACTION, perature. These critical temperatures vary with 
Most organic compounds exposed to the air the dillerent enzymes, but the range of tempera* 
undergo decomposition at a more or less rapid ture approximates to 50°-75'’O. Great ooncen* 
rate. The decomposition takes place most tration of the solution and the addition of glycerin 
rapidly in the presence of moisture and at a or alcohol alter the temperatures at which the 
slightly elevated temperature. In most cases enzymes cease^o act. Dry enzymes can be heated 
tlie decomposition consists in breaking down to the boiling-point of water and even higher 
of complex molecules eitiier by tiie assimilation without destroying their property of fermenting, 
of the elements of water {feyJrcjZ7/.sw)orby aslow Dried pepsin can Iw heated to 170® without losing 
process of oxidation {erenuica'usis or decay). In its fermenting action (Hiippo, C. C. 1881, 746). 
other oases the change seems to be one of mole- Light also modifies the rate at which the enzymes 
cular rearrangement resulting in the ulteration ferment. 

of the physical properties of tlie body, such as Theories of fermentation. From the fact 
theconversionof asolidintoaliquidmctaiueride. I that contact with air and the presence of a 
When these changes are accompanied by the ! nitrogenous body are necessary for fermentation 
•volution of gases of unpleasant odour, the term or putrefaction to take place, Berzelius and 
putrefaction is used, and it may therefore be re- Liebig concluded that the nitrogenous matter 
garded as a special case of fermentation. The was decomposed by the atmospheric oxygen, and 
earliest experiments on these phenomena have i that this reaction caused a rearrangement of its 
established the facts that decomposition does not elements which determined the decomposition of 
take place if air be excluded, if the materials be the molecules of the fermentable substance 
dry, if the temperature be below 0®C. or above present. Schwann’s discovery of the presimce 
100°C., or in the presence of certain organic and of organic genus in the air led Pasteur to formu- 
inorganic bodies, which, fromhaving the property late the theory that fermentation is never excited 
of arresting or preventing these changes, are except under the intluence of microscopic or* 
called anti-septics, anti-ferments or anti-putres- ganisms, and further that each particular organ* 
cent substances. Formerly it was held that ism sets up a peculiar species of fermentation, 
these changes were due entirely to the action of Schwann and ilelmholtz showed that air which 
obemical and physical forces, but it is now known ! bad passed through a red-hot tube could not in- 
that in most oases, and possibly in all, the de- j duce fermentation, and thereby proved tliat 
composition cannot take place without the inter* ! oxygen alone was not sufiicient to bring nitro* 
ventioa of living organisms or of chemical ' genous matter into the condition of a ferment, 
substances, which, although of an unorganised : Blondcau was the first to show that the con* 
constitution, are derived directly from li\ing version of sugar into alcohol was due to the 
protoplasm. The bacteria and certain fungi arc : growth of one particular organism {Torvula 
the best'known ofganisms which detenaino | cerevisi(c), and that the conversion of sugar 
these changes. Each bacterium charactc-iiscd into lactic acid was due to the growth of the 
by its particular form and growth feeds on a mould and that beeryeast 

particular pabulum or chemical food causing it contained the germs of both these organisms, 
to break up and form definite chemical products, . Blondcau also pointed out that in butyrous fer* 
80 that there is found in each kind of fermenta- I mentation or the formation of butyric acid from 
tion the same conditions and the same kind of I sugar, and in the conversion of urea^nto car- 
organism. The reasons which have led to the j bonate of ammonia, a growth of Pmicillium 
ftiMve view are bared not only upon the conditions I glaucum accompanied the change. These views 
which are found necessary for the fermentation i of Blondcau, Pasteur, and Schwann, were con* 
to take place but also upon the fact that a nitro* tested by Liebig, who adduced experiments in 
genous body Is alwaysefonnd in the liquid even support of his own view. Schmidt lA, 61,168) 
when the chemical change consistsin the breaking pointed out that by adding the clear Mtrate from 
down of a non-nitrogenous compound. In some the paste produced by looting almonds with 
eases fermentation is brought about in a manner water to a liquid containing urea or grape sugar, 
which appears to be different from the foregoing;, fermentation took place, wid when the latter 
no organisms being prese^, and the addition of substance was employed, no trace of yeast cells 
certain anti-ferments fail to stop the decom* was manifest until the fermentation had taken 
position. In these oases bodies of complicated place for a considerable time. Pasteur (Bl. 
constitution, and directly drived from vegetable 1861, 67^79) produced additional evidence to 
or animal organs, must be present. They ai'e show that reaay-formed yeast would germinate 
without organic dtmoture, and are known as .and grow to a limited extent in a liquid con* 
chemical or unorganised ferments or enzymes, taining sugar and albuminons matter, even 
and may in most oases be extracted from the when oxygen was completely excluded. He ex¬ 
organs in which they occur by meansof glycerin, plained tide result by assuming that the yeast 
and can subsequently be precipitated from the acted as a ferment in the absence of air by ab* 
solution in an amo^hous condition by the stracting oxygen from the sugar, and that upon 
^^tioD of alcohoL enzymes seem to be an this deoxidising power its action m a ferment 
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d^endi. Organisms which are aerobiOi and live 
by means ol the oxygen of tho air, might become 
anaerobic and derive their oxygen from some 
te^y*loiined compound and thus act as ter* 
ments. Pasteur also extended his researches 
on the action of ferments to the phenomena of 
putrefaction and decay, and (0. B. 6b, 7S4,1189) 
defined putrefaction as a kind of fermentation 
induced and maintained by organisms ol the 
genus VibriOi whioh can only live in contact with 
the air. He showed that wnen calcla}|x lactate 
ferments in the absence of air, calcium butyrato 
and other produots are the final result, whilst, if 
air has access to the liquid, the butyrato likewise 
ultimately disappears. The putrefaction of solid 
bodies (animal carcases) is also due to the activity 
of these organisms, whose development can be 
checked by inclosing the substance in a closed 
vessel containing a cloth soaked in spirit or by 
other antiseptic treatment. The gangrene which 
is subsequently produced under these conditions 
is regarded by Pasteur as distinct from putre* 
faction, and as analogous to the ripening of 
fruits after their separation from the plant on 
whioh they grow. These experiments of Pasteur 
were criticised by Lemaire (0. R. 67, 958), who 
regarded the various processes of fermentation 
as duo to the action of one and the same ferment, 
and denied the existence of special ferments. He 
also concluded that the unrestricted access of 
air was essential to the progress and completion 
of putrefaction. Pasteur (G, B. 73, 1419) drew 
attention to the fact that properly selected 
mineral salts were necessary for the growth of 
fermentative germs. He found that the addi* 
tion of small quantities of NH,, Mg, Ca phos¬ 
phates and'INH^ljSO, to a solution of calcium 
lactate increased the rate at which the lactate 
disappeared on the addition of vibrios, and that 
at the same time numerous fresh vibrios were 
produced. As soon as the whole of the lactate 
was decomposed the vibrios fell dead to the 
bottom of the vessel. Again (C. B. 76, 784) he 
showed that the same colls acquire or lose the 
power of acting as a ferment according as they 
are deprived of air or exposed to its action. 
Yeast and other ferments can therefore live and 
multiply without contact with the atmosphere by 
obtaining the oxygen necessary for their existence 
from the Recomposition of the oxygenated com¬ 
pounds in which they live. The moulds, such as 
Pmicillium glaucum, become fenrients when they 
feed in this manner upon bodies rich in oxygen 
instead of absorbing atmospheric oxygen. Evolu¬ 
tion of heat usually accompanies fermentation; 
the compounds, whioh are decomposed, being of 
a high order of complexity, evolve heat in their 
resolution into simpler molecules of a more stable 
nature. The spontaneous combustion of some 
organic bodies is probablj^ due to the action of 
ferments. Bodies rich in nitrogen are vei^ 
prone to putrefaction, but som^ such as uric 
acid, the alkaloids and indigo, ao not undergo 
any change. The gases evolved in fermentation 
may be oarbonio acid, ammonia, sulphuretted 
hydrogen, hydrocarbons,nitrogen, and hydrogen. 
B4rara drew attention to the fact that frmts ex¬ 
posed to an inert gas evolve oarbonio acid, and 
Pasteur showed that alcohol was at the same 
lime produced whioh pointed to^ a sort of fer- 
mentation ta k»»g place. The earlier experiments 
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on the action of reagents upon ferments showed 
that neutral gases and dilute acids do not affect 
the power of yeast, but that sulphur is reduced 
to sulphuretted hydrogen when added to a ter- 
menting liquid. Dilute alkalis retard feimen- 
station and large doses of dilute acids completely 
stop it. The behaviour of other reagents upon 
fermenting liquids is discussed under antiseptia 
at the end of the present article. The influonoe 
of pressure on fermentation has been studied by 
H. T. Brown (C. J. [2] 10, 570; 11, 973). Ac¬ 
cording to his experiments, N, H, paraffin hydro¬ 
carbons, and NO are evolved, besides CO, in the 
alcoholic fermentation of grape sugar or malt 
wort. Diminution of pressure causes a large 
increase of the g&es unahsorbed by KHO. The 
increase of hydrogen is accompanied by the 
formation of acetic acid and aldehyde, and no 
nitrogen is evolved from solutions free from 
albumincgds. The nitric oxide is due to the re¬ 
duction of nitrates under diminished pressure, 
less sugar is decomposed, and the proportion of 
carbonic acid to alcohol is greater. The in¬ 
fluence of temperature on fermentation has been 
studied by many observers chiefly from an in¬ 
dustrial point of view. Pierre (C. B. 73, 317) 
showed that high temperatures in alcoholic fer- 
mentation were attended with a more abundant 
formation of the higher alcohols. When the 
temperature is kept down to the lowest point, 
traces only of butyl and amyl alcohols are ob 
tained. Propyl alcohol is always produced. 
Contributions to the study of fermentation by 
Brefeld (B. 7, 281), Mayer (B. 7, 679) and Traubo 
(B. 7, 872) conclusively proved that yeast re¬ 
quires for its growth and propagation free oxygen, 
fermentation takes place in the absence of free 
oxygen, but in this case the yeast docs not in¬ 
crease. Moritz (C. J. 1874, 599), Mohr (B. 7, 
1421) and Pasteur (0. B. 80, 452) disagree with 
their results, and still more recently Berthelot 
has published the laboratory notes of C. Bernard 
which tend to support the observations of tho 
former experimentalists. According to Bernard 
(0. B. 87, 125), alcoholic fermentation is not 
life without air, for alcohol is formed by contact 
of sugar with air without yeast. The fernieut is 
not derived from external germs, for in sterile 
juices the ferment is not developed; alcohol is 
formed by a soluble ferment apart from the life 
of the ripening fruit for which air is absolutely 
neoessary. Tho soluble ferment is found in the 
juice expressed from the fruit, and it pro¬ 
duces alcohol in the expressed juice. It will be 
seen from tho above summary that the present 
condition of the subject *is very unsatisfactory, 
and that further experiments in nearly evei^ 
direction are needed with pure materials and 
known organisms. Much of the past work has 
been done by chemists who have neglected the 
biological portion of tfce work, or biologists who 
have not noted the exact ohemical changes 
whioh occur. Steps towards a better grasp of 
the subject are bein^made by several investiga- 
tors. Experiments by Fitz,« Marpraann, and 
more recently by Warington and Percy Frankland, 
have given definite data for future work. Those 
experiments were made with pure oultivatiom 
of KMwn organisms, and the amount and polity 
of chemical change carefully determined. Beoent 
work seems to indicate that bacteria and moulds^ 




( 


FERMENTATION AND PUTREFACTION. 


m 


living anaerobic, bring about most fermentationa, 
and that, for these organisms to live, certain 
conditions are neoessar;, the moat important of 
which is that their special nitrogenous pabulum 
is present. The way in which the enzymes or 
unorganised ferments act is stiU imperfectly 
understood. The decomposition effected by 
thmr agency u not so complete as in the other 
oases. Generally the change appears to be one 
of moleoular rearrangement only, and no altera* 
tion in the distribution of energy takes place. 
Bacteria may, however, play an important part 
in the changes which are now attributed to these 
unorganised ferments, and they may, therefore, 
only be the means of educating some of the 
common bacteria into doing special work. All 
the unorganised ferments contain nitrogen, and 
it is certain that the bacteria cannot live without 
some nitrogenous substance being present. It 
is known t^t the same species of bactfrium, by 
varying the conditions of life, is capable of giving 
very different chemical products. It may bo 
that the unorganised ferments do not by them¬ 
selves determine the obange, but that bacteria 
are induced by them to work in special manners. 
When we consider the various food-staffs which 
are resolved by the higher organisms into the 
same products, we see that the same organism is 
capable of a wide range of pabulum or can bring 
about agreatnumberof chemical decompositions. 
Wortmann, on the other hand, is of opinion that 
bacteria effect fermentation by producing first 
an unorganised ferment which then brings about 
the changes which are ascribed to the bacteria. 
Yeast, for example, secretes an unorganised fer* 
ment, invertin, which has the property of re* 
solving cane sugar into glucose. Starch is also 
converted into a sugar capable of reducing cupric 
oxide by bacteria in the absence of other sources 
of carbon nutriment, and this action is due to 
the secretion of a ferment by the bacteria. The 
ferment is soluble in water and preoipitable by 
aloohoL It acts on starch in ^e absence of 
oxygen and is secreted by bacteria in a neutral 
stai^ solution. It does not posses any pepton- 
ising properties, but under different conditions 
the same bacteria can form (1) an amylolytic 
(diastatio) ferment, and (2) a peptonising fer* 
ment GiYortmann, H, 6, 287>-329). Warington 
has shown that Micrococcus gelatinosus, M» 
ureat B, fimrescens liquescenit soil and Koch’s 
cholera spirillun^ our^e milk readily without 
produeing any appreciable acidity. The curdling 
cannot be due to the formation of lactic acid, 
but points to the secretion of a rennot-like fer* 
ment by these o^anisms (Warington, C,J. 1888, 
787). Stutzer 1^ likewise found that moulds 
grown in a solution of salts and tartaric acid 
formed albumen and nuclein {3. 6 , 672-574^ 
Yeast, according to Hoppe-Seyler, also forms 
nuelein. * 

Fermentation processes may for our present 
purpose be conveniently classified according to 
• the principal products formfd. • 

mhyl dteohol »formed from sugars, starch, 
and ^oetin. Brcmh Butyls Amyl, Sexyl^ 
and Septyl alooho» are all produced under 
suitabhi conditions. The formation of manniU 
and gum from sugar, and the fmrmt oils may 
also be Included' under the heading of alcoholic 
fenuatation* 


Fermentation resulting in the production of 
acid bodies includes the formation of acstic acH 
from alcohol, butyric acid from lactic acid, lactic 
acid from sugar, and nitric and nitrous adds 
from ammonia. Ammonia from urea and i^he 
ptomaines from albumen are examples of basic 
hrmentation. 

The enzymes as we have seen do not form ^ 
such simple products as are produced when the 
fermentation is the result of the action of 
bacteria and moulds. They may be classified 
into: 1. Sugar-forming, including diastase, 
ptyalin, myrosin, emulsin, invertin, and the 
ferment of the pancreas. 2. Peptone-forming, 
including pepsin, papain, and trypsin. 3. Albu¬ 
men-forming, the ii^ore important of which are 
the ferments of the liver and blood and ohy- 
mosin. 4. Glycerine-forming or tsA-decomposiag, 
of which the ferment of the pancreas and 
Fremy's pectase are examples. 6. A<»iording to 
Musculus an unorganised ferment exists in 
urine and forms ammonia from urea {Pf, 
12, 214). Mayer {Lehrs von den Ohem. 
Ferment, 1882, 82-91) has examined the 
quantity of enzyme required to produce a given 
amount of decomposition, and has shown that 
the amount of fermentation varies directly with 
the amount of ferment employed. He has also 
established the fact that the enzyme is not 
destroyed by its own ferment action. The 
precise manner in which the chemical ferments 
act has been the subject of much specuiation. 
Most of the facta can be explained on a theory 
of action similar to that of sulphuric acid in 
etherification, but a ‘ contact ’ theory seems more 
probable. If the enzymes by their presence 
raise the moleoular temperatures of &e decom¬ 
posing molecules to the point at which their 
molecular equilibrium is destroyed, then decom¬ 
position is produced by rearrangement of energy 
and not by any increase or decrease of the 
amount present in the system. 

1. Alcoholic or Yinoui fermentation. Solu¬ 
tions containing glucose C,H„0,in oontaot with 
the air at temperatures between 20°-24’^C. 
become turbid, give off CO„ and after some time 
have the whole of the sugar converted into 
alcohol. Glycerin, succinic acid, and the higher 
alcohols are at the same time produced. 'Y^en 
the evolution of carbonic acid ceases the ferment 
or yeast {Torvula or Saccharomyces cersvisicB) 
separates leaving the liquid clear. The separated 
yeast is capable of inducing fresh fermentation 
in further quantities of sugar solution. Cane- 
sugar and milk-BUgar also undergo various fer¬ 
mentations, but they are first hydrolysed by 
the ferment or oommeicially in other ways. 
Other ferments indueb the vinous fermentation 
of sugar, 6.g. erythroeym the madder ferment 
(Schunok, J,pr. 68,222) besides fungi Beets 
(Bof. Untersuch. il. d, AlcoholgiOwungt^e) 
gives the foUo^g list of fungi which Wt# 
^cohoUo fermratation cere- 

visia, 8. sUi^ioid&us, 8» pasiorianus, 8. apiou- 
latu8,8.mgmtt, 8,albieans,Myooderma{nanij)t. 
Mucor raeemoeus, Jf. oiroineUoides, M. emnosm, 
M. stolonifer, JBSmasous alnitorquus (Sa^beok), 
TonUa and Ewrotiwn aspergUm glauous. 

The following fungi do not form alcohol wh« 
sown in sugar solutions :—Saccharomym 
gluimis, Mycodema (generally), Bxoaseuspmdt 
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Detnatium pullulatu and Fwnago. The no* 
menolature of the fungi is continually being 
modified, and Hansen of Ck>penhagen has re¬ 
stricted the genus 8accharomye$s to the three 
species, cerevisiat elli^oideus, B,nd ^torianus, 
as they are the only sprouting fungi which form ^ 
asoospores. Chemically yeast consists of cellu¬ 
lose (35), protein (45), peptone (2), fat (5), ash 
(7), and extractive matter (4) (Nagcii ana Low), 
and the various yeasts have approximately the 
same composition. Schutzenberger j(C. R. 78, 
498) has found that yeast when boiled with 
water yields an extract containing phosphates, 
gum arabin, leucine, tyrosine, carnine, xanthine, 
guanine, hypoxanthine, sarcine.^and a sweetish 
uncrystallisable syrup still ^containing nitrogen. 
According to B6champ fresh yeast contains 
neither tyrosine nor leucine (C. U. 78, 646). 
Uoy-Pailhado (O.B. 107, 43) has shown that an 
organic compound named philothion, having the 
property of hydrolysing sulphurin cold solutions, 
is formed in the life processes of yeast. Con¬ 
centrated methyl alcohol readily extracts it from 
the yes^t. Dumas had previously noticed the 
property which yeast has, of forming 8H, from 
S. Pure yeast is best prepared by allowing fer¬ 
mentation to take place in a sugar solution in 
which a quantity of alcohol varying from 5-8 
p.c. has been added, and the temperature not 
allowed to exceed 16°C. Such yeast can be 
grown in a solution rich in albumen at about 
30^C. without any bacteria appearing (Traube, 
B. 9,183, 1239). Hanson has devised a com¬ 
mercial method for obtaining pure yeast (Salo¬ 
mon, J. Soc. Arts, 1888). (For the composition 
of yeast n. Belohoubeok, J. 1875,898; Sohiitzen- 
berger aTDeatrem, C. B. 88,287,383; Bommter, 
0. B. 98,1594.) Vinous fermentation only takes 
place in dilute solutions of sugar, and as an 
increase of yeast takes place in fermentation, 
the liquid in addition to sugar must contain the 
elements necessary to form cellulose and proto¬ 
plasm (P, E, Mg, Ca, and S) and a nitrogenous 
food. Proteida or peptones are the best form 
for the nitrogen, but acetamide, raethylaminc, 
ethylamine, propylamine, asparagine, and leu¬ 
cine, are all assimilated by the yeast cells 
(Nageli). Oxamide and urea supply nitrogen 
but not carbon, while cyanogen compounds yield 
up their carbon but not the nitrogen to ^ese 
organisms. Formic and oxalic acids are also 
unsuitable for the carbon supply of these fungi. 
Yeast loses a considerable portion of its ferment¬ 
ing power by pressure, and still more by washing 
with water. • 

Glycerin also deprives yeast of its ferment* 
ing power (Gunning, B. 6,821). The influence 
of the age of the yeast oh fermentation has been 
studied by Begnard (C. B. Soc. Biol. [8] 4,4421. 
Maltose and glucose are the two sugars which 
are most readily fermentable by yeast. Ail the 
true Saoobaromyoes fennenL maltose, but 8, 
exiguus and 8. apiculatus are unable to decom¬ 
pose this sugar. The more complex carbohy¬ 
drates are sometimes hydrolysed or inverted 
before alcoholic fermentation takes place. The 
higher dextrins are hydrolysed into malto- 
dextrin and subsequently split up into maltose 
and dextrin by 8. pastorianus and 8. cllipsoulp.'us. 
8. cerevisia is nnable to rosolve malto-di-xtriii 

into mdltoft tM destoto* Tha oonvarsipa ol 


cane-sugar into glucose is apparently brought 
about by a soluble ferment termed invertin, 
which is secreted within the cells of all in\i 
saooharomyoes (Donath, B. 8, 795). This 
soluble ferment has been isolated in the form of 
a powder. It is not formed by S. apiculatus nor 
by four out of the five varieties of Pasteur’s 
Torula (Hansen). Monilia Candida ferments 
cane-sugar, but there is no invertin formed, the 
inversion being probably due to the secretion of 
some other soluble ferment. Mucor racemosus 
and ilf. mvoedo both set up alcoholic fermenta¬ 
tion in solutions of glucose. M. racemosus does 
not ferment innlin, but readily ferments the 
levulose prepared from it. The alcoholic fer¬ 
mentation due to M. mucedo takes place in the 
absence of oxygen at temperatures between 
2r)°-28® C. Succinic acid but no glycerin is pro¬ 
duced by this fungus (Fitz, B. 6, 48). Dextrin, 
iniilin, i^nd milk-sugar do not ferment under the 
influence of mucor. 

The alcoholic fermentation of milk-sugar 
according to Blondlot is brought about by a 
special alcoholic ferment which does not mani¬ 
fest any action below 20'^, and then only when 
the liquid is agitated. A small quantity of 
butyl alcohol is at the same time produced. 
Yieth has also shown that yeast does not readily 
set up alcoholic fermentation in Bolutions of 
milk-sugar. Eefir grains, which contain a 
bacillus termed Diaspora caucasiis by Eern and 
a modified form of S. ccrevisia, produce a rapid 
alcoholic and lactic fermentation in milk-sugar 
solutions {Analyst, 12,2). 

Ethyl alcohol is obtained from other sub¬ 
stances by fermentation. 

Accor^ng to Fitz (B. 9,1843; 10, 276; 11, 
42) alcohol is produced when schizomycetes 
are added to a solution of glycerin, mannite, 
starch, dextrin, milk-sugar, or dulcite, but, as 
the fermenvation only takes place in the presence 
of some nitrogenous material, pepsin or am- 
raoninm sulphate is added to the solution. 
Acids are at the same time produced, n-butyrio 
acid being the one most frequently formed. 
Quercite yields no alcohol and only n-butyrio 
acid. 

The quantities of the' products formed in 
alcoholic fermentation vary with many condi¬ 
tions which have not yet been fully determined. 
Glycerin, succinic acid, and traces of high adco- 
hols are almost always produced. An analysis 
of the products obtained b^ the fermentation 
of 100 kilos, of sugar by S. tUipsoidcus gives 
the following numbers in grams: 

Ethyl alcohol 60616'0, n*propyl alcohol 2’0, 
isobutyl alcohol 1’6, amyl alcohol 51*0, ethyl 
heptoate 158-0, glycerin 2120-0, aoetio acid 205-3, 
Buocinio acid 452-0, and traces of aldehyde. 
* Small quantities of bases appear likewise to 
be produced, and vs-bntyl alcohol and butyric 
acid are hrequently formed. An examination of 
the products of the fermentation of sugar solu¬ 
tions by different yeasts has been made by 
Olaudon a. Morin (Bl. 49, 178-189). Lindet 
(0. B. 107, 182) has shown by experimenting 
with the same yeast on the same wort that -the 
amonnt of higher alcohols produced varies with 
the temperature. The maximum amount of 
ethyl alcohol is produced at the same teiApera- 

ture m the (mount 9< 
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ligher *Ioobo!i is ft minimmn (*52 p.o.). At the 
emperftture 36®-27°0. -69 p.o, of uie higher 
tloohols was prodaoed. 

I'onnatlou of the higher ftloohols by fermen- 
»tioa.-~Fit8 (B. 13,36,1811) has shown that 
•he sohiaomyoetes form n-vropyl alcohol from 
{l^oerin. It is also a oomti^uent of most fusel 

n‘Bntyl alcohol has been obtained by the 
same observer by tiie action of a baoillus allied 
to, but somewhat larger than B. cubtilis^ on 
glycerin in the presence of CaCO, (B. 11, 42, 
1892; 9,1348). Vigna (B. 16, 1438) has sug¬ 
gested this formation of n-butyl alcohol as a 
method of its preparation, since the yield is 
9 p.c. of the glycerin used. ^ 

Bo-butyl alcohol has been found in the fusel 
oil from mangolds (Wurtz, A. Ch. [3] 42,129). 

Isoamyl alcohol is the principal constituent 
of the fusel oil formed in the ordinary fermenta¬ 
tion of potatoes. Pierre [J. 1871,832) has shown 
that the higher the temperature of fermentation 
the greater the quantity of this alcohol. An 
active and an inactive amyl alcohol have been 
separated from fusel oil. Iso-butyl and traces 
of other alcohols are also formed (Perrot, A. 105, 
64). In Swedish fusel oil Babuteau has found 
propyl, iso-propyl, iso-butyl, iso-amyl alcohols, 
methyl propyl carbinol (md liquids boiling above 
132° (Bi. 33,178) (o. Wysohnegradsky, A. 190, 
365). 

n-Hexyl and n»heptyl alcohols also occur in 
fusel oils (Faget, A. 88,325; J. 1662,412). 

Lebel has shown that Penicillium glazicum 
acts upon the methyl-propyl-carbinol obtained by 
the reduction of methyl propyl ketone, yielding 
an alcohol which has a Itevorotation of -12° 
(Lebel,/. 1879,492). 

Mannite and gum, nnder certain conditions, 
are formed from cane-sugar. Pasteur {Bl. 1861, 
30) pointed out that when this mucous fermen¬ 
tation takes place in solutions of cane-sugar, 
CO,, mannite, and a mucilaginous substance are 
prodnoed. Access ol air and nitrogenous matter 
are necessary for this fermentation. Neither 
acid nor alcohol is produced, and the fermenta¬ 
tion only takes place in neutral or slightly 
alkaline solutions (Bauer, B. C. 1882, 630). 
This kind of fermentation has been noticed in 
solutions of cane-sugar, beet juice, carrot juice, 
the juice of mangold wurzel, and in lemonade. 
Baudrimont (0. 80, 1253) observed the oo- 

ouirence of a spontaneous viscous fermentation 
in a solution of crystallised cane-sugar (v.Hooh- 
stetter, J.pr, 29, 80; Kircher, A. Ch. 31,337; 
Plagne, /. PK 26, 246^; Commaille, M. Sd. 8, 
435, 678,772). 

A white substance resembling cellulose is 
formed under certain conditions in beet jai<^ 
and beet molasses. It is precipitated from the 
solution by the addition tf alcohol. Certain 
fatty seeds (rape, colza, <kc.) form cellulose from 
saccharose (Dorin, 0. B. 82, 1078; Pasteur, 
C. B. 63,176). For the fermtntation of oellulost 
itself V. Tappeiner/i^. B. 24,105; Hoppe-Seyler, 
B. 16,122; Popoff, Pf. 10,118. 

Leouartier and ^llamy have shown that 
certain bruits and roots under the influence of 
oxygen become the seat of ui alcoholic fermen¬ 
tation characterised by the evolution of carbonic 
teid ftod the disappearance d sugar i& the 


tissues of &e plant cells. From these and 
other experiments Pasteur considered that if 
plants could continue to live in an atmosphere 
of oarbonio Mid they would become ferments for 
Mgar. Muntz (0. B. 86,49), on examining this 
, intraoellultt aloohoUo fermentation of p^nts,has 
arrived at the following results1. That plants 
preserved in air give no trace of alcohol. 2. That. 
plants placed in an atmosphere of nitrogen fom* 
appreciable quantities of aloohol, sometimes 
amounting to 1,000 times the total weight of 
the plants. 8. That the plants when returned 
to the air remained perfectly healthy. The 
living cell, then, in the higher plants is capable, 
in the absence' of oxygen, of acting like the 
cells of fnngi in producing a true alcoholic fer¬ 
mentation. The volatile oils, which are pro¬ 
duced by tho fermentation of various plants, 
may owe their origin to some such similar action 
of the living cells of the plant in the absence 
of oxygen. They are known as ferment oils, 
and are formed when portions of the plant ate 
left to ferment in water, and can then be dis¬ 
tilled from tho liquid. The distillate is then 
saturated with common salt and extracted with 
ether. Little is known as to the constitution of 
these bodies. Berzelius regarded them as pecu¬ 
liar alcohols related to fusel oil (B. /. 27, 541). 
They have been examined by Bley, Landcror, 
Biiohner, and others. The following is a list of 
the more important plants from which ferment 
oils have been obtained i—ChcBrophyllum syl- 
vestre, Chelidonium majus, Conium maculatum, 
Erythraa centauriim, Bchium vulgare, Erica 
vulgaris, MarrvMum vulgare, Achillea Mille¬ 
folium, various species of Plantago, Quercus 
robur, Salix pentandra, Salvia prai^nsis, Tri¬ 
folium fibrinum, Tussilago farfara, Urtica wens, 
and Vitis vinifera. A similar ferment oil is 
produced in cellulostasls, a disease of the apple 
{Qm. 14, 413). 

On alcoholic fermentation the reader may 
consult for further information—Amthor, H. 12, 
64; B4ohamp, 0. B. 88, 719; Berthelot, 0. B. 
89,806; Cochin,O.B.89,786; 89, 992; Oiacosa, 

B. 12, 703; Hoppe-Seyler, B. 12, 702; Petit, 

C. B. 73, 267; Sohfltzenbergor, C. C. 1877, 73; 
Sohutzenberger a. Destrem, 0. B. 88, 593. 

The formation of acids by fermentation. 
The conversion of alcohol into acetic aeid seems 
to be a catalytic action, as platinum black and 
other finely-divided substances facilitate the 
transfer ol the atmospheric oxygen besides the 
organisms which bring about the same change. 

•Acetous fermentation takes place in presence 
of a fungus Mycoderma aceti, vinegar plant oi 
mother of vinegar, and a bacterium (B. aceii). 
Both these organism^ are usually present, anC - 
apparently the bacterium completes the work of 
the myooaerma. It is believed that the function 
of mycoderma is to convert starch into alcohol, 
and that toe (^cohol produced in this or other 
ways forms the pabulum of the B. aceti, which 
causes the oxidation of the alcohol to acetic 
acid. E, Mg, NH^, uid EgFO^ are necessary tor. 
the growth of myo^erma (Pasteur,/. 1861,726; 
1862,476). The same organisms appear to be 
capable of completely oxidising the acetic acid 
which they form to^rbonio acid and water, if 
it be not removed. This is especially the ease 
it the growth be allowed to link to toe bottom 
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of til* A temperature ranging from 

20^~35^ ia the best for the change, and above 
60^ all fermentation ceases. 

The formation of acetic acid at times acoom* 
panics alcoholic fermentation (B^cbamp, J. 1863, 
773; Blondeau, 0» B, 67,958; Pasteur, Ittudea 
mr la vinadgre, Paris, 1869). Acetic acid is 
also produced, together with butyric acid, in the 
fermentation of a mixture of malt, milk, chalk, 
and rancid meat (Grillone). According to B6- 
champ (0. B* 76, 836) it is normally present in 
milk, together with alcohol, as a produtft of the 
action of miorozymes. 

Acetic acid and butyric acid are formed by 
the action of yeast, at a temperji.ture of 20°- 
30°, on citric acid, to which excess of chalk has 
been added. Putrefying curd and a base effect 
the same change (How). 

Laciaua fermentation or the formation of 
lactic acid from the sugars—glucose, cane- and 
milk-sugar—takes place when these bodies are 
mixed with fresh sour cheese, or with milk and 
chalk. After some time the lactio acid is itself 
attacked, and H, COj, and butyric acid are pro¬ 
duced. The lactio fermentation only takes place 
m a neutral or slightly alkaline solution. This 
condition ia obtained by adding chalk or zinc 
white to the sugar solution. Traces of 
mannite are also formed (Fromy, A. 31, 188; 
Boutron, A. 39,181; Bensch, A. 61, 174; Lau- 
tonnann, A. 113, 242). The decomposition of 
the calcium lactate into butyric acid appears to 
be duo to the action of a bacillus (Pasteur, J, 
181)2, 477). The schizomycctes resolve it into 
propionic acid (Fitz, B. 11, 1898; 12, 479; 
Strecker, A. 92, 80), acetic acid, and sometimes 
n-valeriam% aikd (Fitz, B. 13,1309). The fer¬ 
mentation of calcium lactate by the butyric 
ferment of Pasteur yields butyric acid, propionic 
acid, n-valerianic acid, and some ethyl alcohol 
(Fitz, B. 13, 1310). The ordinary lactous fer- 
ment, according to Pasteur (A. Ch. [3] 62,404), is 
Penicillium glaucum. It resembles beer yeast, 
and is grey in colour, and has been described by 
Pasteur and Blondeau. Free acid retards its 
action, nitrogenous matter favours it, desiccation 
or boiling with water weakens it. All the sugar 
can be converted into laotio acid if ammonium 
salts and phosphates be present. Lactous fer¬ 
mentation often accompanies vinous fermenta¬ 
tion (BloriHeau, J. Ph. [3J 12, 257). The change 
may be brought about by the prosenoe of a 
speoial bacterium (B. acidi lactici) which aooom- 
panics the growth of P. glaucum. The conditions 
of lactio fermentation have been examined by 
Kiohet (0. B. 88, 760; C. J. 36, G63) and 
Berthelot {A. Ch. [3] 66, 351). 

Butyric ferm$ntaUon.--^e have seen that 
butyric acid is the final product in the lactous 
fermentation of sugar solutions. The conversion 
of laotio into bu^io acid is accompanied by the 
evolntion of hydrogen and carbonic aoid, and 
butyl alcohol is also produced. # The ferment, 
according to Pasteur, is a bacillus (C. B. 62,844), 
which requires no oxygen for its life, and is not 
l^led when oarbonio aoid is passed into the 
liquid. Ammonia and phosphates are necessary 
for the development of this fermentation (Pas¬ 
teur, BU 1662, 62). B4bhamp attributes the 
ehange to a ferment existinj^in the chalk which 
ie added (Bl. [8] 6,484), and Baudrimont to an 


unorganised ferment {0. B. 80, 1253). Boelmi 
(B. 8, 634) has observed that butyric fermenta¬ 
tion aooompaniea the evolution of marsh-gaa and 
ammoma, when plants ate immersed inwaterf ree 
from air. Twigs of Elodea canadensis immersed 
in sugar syrup set up a fermentation which 
gives butyric acid, butyric ether, carbonic acid, 
and hydrogen (Schitzenberger, C. B. 80, 328, 
497). According to Fitz (B. 9, 1348), glycerin 
saturated with calcium carbonate undergoes fer¬ 
mentation, yielding butyric acid, 7 t-butyl alcohol, 
and traces of ethyl alcohol. Fibrin also forms 
ammonium butyrate by fermentation (Wurtz, A. 
62, 291), and Fitz has found that pepsin and 
glycerin, in presence of chalk, is fermented by 
schizomycetes aU40° into n-butyl alcohol, n- 
butyric acid, besides traces of ethyl alcohol and 
a higher acid, probably Jiexenc (B. 9.1348; 10, 
276; 11,42). Pribram (/. 1879,614) has formed 
butyric acid by the action of the ferment of 
calves’ liVbr on starch paste, and Fitz has found 
that B. subtilis ferments potato-starch contain¬ 
ing salts into butyric acid and small quantities 
of alcohol, acetic and succinic acids (B. 11, 62). 
Other contributions to our knowledge of this 
kirjd of fermentation are by Iljcuko a. Laskowsky, 
A. 55, 85; Iljenko, A. 63, 268; Grillone, A. 165, 
127. 

Gluconic acid is produced by the fermenta¬ 
tion of glucose solutions by Mycoderma aceti 
(Boutroux, C. B. 91, 230). Maumen6 contends 
that this change is merely oxidation, as copper 
acetate and mercuric oxide give similar results 
(C.B, 91, 331). 

Nitrification. The term given to the oxida¬ 
tion of ammonia to nitric and nitrous acids by 
an organism or organisms present in the soil. 
The formation of nitre in nature, and artificially 
in nitre beds, is due to the same cause. Many 
experiments have conclusively proved that the 
direct combiiiation of oxygen and nitrogen does 
not take place to any large extent in nature, and 
even ozone appears to bo incapable of oxidising 
nitrogen. Eublmann was the tirst to explain 
the presence of nitric acid and nitrates in the 
soil as due to the oxidation of ammonia. This 
theory is now he)d, but the oxidation is indirectly 
brought about by the action of organisms. The 
first suggestion that the oxidation of ammonia 
and organic nitrogen in the soil is the work of a 
living organism was made by Pasteur in 1862. 
Muller, in 1873, showed that the ammonia of 
sewage and of impure well waters changed spon¬ 
taneously into nitric acid, wheieas solutions of 
pure ammonium salts and urea remained un¬ 
changed. Schlccsing and Miintz (C. B. 77, 203, 
353; 84, 301; 85, 1018; 86, 982; 89, 1074) 
have established this hypothesis by experiment, 
and Warington (C. J. 33,44; 36,429; 45,663; 
6fe 118), at Bothamsted, has shown that the 
nitrification in soil ^d in waters is due to an 
organised ferment. The organism is destroyed 
at 100°0., and by CHC1„ CSj, and phenol 
Penicillium glaucuy^^ Aspergillus niper, Mucor 
rttucedo, AT. racctnosus^ MycoderTna vini and Af. 
aceti, as well as the ordinary terms of bacteria 
present in ^e atmosphere, are all incapable of 
efieoting nitrification. Sohlceaing and Mfinta 
state that they have isolated the organism in 
ininnto round or slightly elongated oorpusoles, 
which multiply by budding, and appears to be a 
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mioiocooous. The fermentation, takes placo in 
preaenoe of alkaline carbonates or calcium car¬ 
bonate. Besides the humic matter of soil, tar¬ 
taric acid, sugar, alcohol, glycerin, and albumen 
are effective as food for the growth of this or¬ 
ganism. Light is not favourable to nitrification. 
The change commences slowly, gradually attains 
a maximum of energy, an^ then becomes slow 
again. The formation of nitrous acid by this 
organism is rare in the soil, but frequent in 
liquids. The influence of temperature, concen¬ 
tration of the solution, depth of liquid, propor¬ 
tion of organic carbon, and degree of aeration 
has been studied by Warington and the French 
observers. Warin^n (0. 1888,727-755) has 

tested for nitrates in cultivations of upwards of 
twenty organisms with negative results, Herieus 
(Z^iU /. Hygiene, 1886,193) has, however, suc¬ 
ceeded in isolating two or three organisms which 
lie states induce the formation of nllrite in urine 
and in mineral solutions containing ammonium 
salts. Percy Frankland has not succeeded in 
isolating the organism; Leone, on the other 
band {Atti d. B. Accademia d. Lincei, 1887, 
37), concludes from his experiments that all 
micro-organisms are more or less capable of pro¬ 
ducing nitric acid, and that the same organisms 
in the presence of organic matter are capable of 
reducing nitrates. Celli a. Zuco {Gazz. 17,99), 
Frank {Forsch. a. d. Oebiete d. Agriculturphysik, 
10,66) and Adametz (h c. 1886,381) may also bo 
consulted for further information on this subject. 

Bases produced by Fermentation. 

1. Ammonia from Urea.—The ammoniacal 
fermentation of urea which takes place in urinals 
is due to the action of a bacterium {B. urcce). 
The urea is converted into ammonium carbonate, 
but the change only takes place when mucus or 
other organic substances are present, as urea 
dissolved in pure water remains unaltered. In 
presence of yeast the change takes place very 
quickly (Schmidt, A. 61, 168). According to 
Musculus (B. 9, 357) an enzyme is present in 
the urine of perso|is affected with catarrh of the 
bladder, which also brings about this change. 
It is i^ipitated by alcohol as a coagulum re¬ 
sembling fibrin, and decomposes urea completely 
into carbonic acid and ammonia at 35'^-40^ It 
has also the power of decomposing hippuric and 
uric acids, creatine and guanidine. Its action 
ceases in the presence of dilute HCl and most 
other acids, but small quantities of phenol have 
no retarding aoteon. Dilute alkalis and sodium 
chloride have no influence. More recently the 
presence of ferments in normal urine has been 
confirmed by Stadelmann {Z. B. 24, 226,260). 
He finds that pepsin is always present in normal 
urine, bat in no instance trypsin been 
discovered. This conclusion agrees with that 
arrived at by Leo Hoffmann {Fr. fi7, 
123), and is contrar^to the experiments of 
GrfiUner and his pupim Sahli, Gehrig, and 
Holovtschiner. Haw fibrin does disintegrate in 
nrine, even in th|,presence of thymol, 
owing, no doubt, to bacteria in the fibrin; but*in 
no instance did digestion or disintegration take 
place when boiled fibrin was used. 

Warington has tested the ability of over twenty 
erganiams to hydrolyse urea. A sterilised 25 p.c. 
soTution of nrine was employed. Micrococcue 
(B.) wea gave a considerabU increase of alka* 


Unity, and B. ^vorescons noii’liqtteecetis a some* 
what smaller increase. Arable soil gave a much 
larger increase than either. The other organism! 
used had no effect (‘ The Chemical Actions of 
Some Micro-organisms,’ Warington, C, J. 1888, 
727-755). 

2. Ammonia from Nitrates and Nitrites. 
Partial reduction of Nitrates.—lAensel (A. [6] 
7, 287) observed that water containii^ nitrie 
acid and carbohydrates, and originally free from 
nitrites and ammonia, contained the latter 
after beihg subjected to the action of bacteria; 
and that water, freshly distilled and mixed 
with sugar, was not found to reduce nitrates 
when the air was excluded from it. Percy F. 
Frankland has recently shown (0. J. 53,873) that 
out of thiriy-two different micro-organisms ex¬ 
amined sixteen or seventeen have the power of 
reducing nitrates to nitrites more or less com¬ 
pletely. The absence of air has no influence on 
the result. In many oases the change is^a 
quantitative one. Ammonia was also sometimes 
formed; but it was due to the decomposition of 
the peptone, which was the only other nitrogenous 
ingredient present. B. ramosus and B. pesUfer 
have very marked nitrate to nitrite reducing ac¬ 
tion. The yield of nitrite was augmented by 
increasing the amount of sugar and peptone 
present. B. a/iiuitilis does not reduce nitrate to 
nitrite, but causes the disappearance of nitric 
nitrogen, the deficiency not being accounted for 
by the small quantity of ammonia which was 
generated in the solution. According to Waring¬ 
ton, the organisms which appear to possess the 
greatest power of reducing nitrates to nitrites 
are B. floccu--, B.fluorescens non-liquescens,B. 
of swine fever, M. urea, M. gelatinnsus, Staph, 
cawlidufi, and Staph. luUus. The following also 
reduce nitrates freely: B. termo, B. of typhoid 
fever, B. of infantile diarrhcao, B. of cholera, 
B. of septicffimia, B. anthracis, B. Oemcke’s 
comma, and St<iph. albus liguescens, B. subtilis 
yields no nitrite m a urine solution, but forms a 
trace of nitrite in broth after some time. Str$p^ 
tococcus scarlatina yields a mere trace of nitrite 
in broth cultures. B.fluorescens liquescens, B. 
toruliformis, B. sulphuretis,B. Finkler’s comma, 
B. comma noma hnd M. av/reus, failed entirely to 
effect reduction to nitrites (Warington, 0, J. 
1888,727-765). 

3. Bases formed in fermentatim.—Tolsonona 

bases having properties resembling the alkaloids 
are produced in putrid fermentation, and also in 
small quantities in alcoholic fermentation. 
T^e bases formed in the putrefaction of meat 
and fish are known as ptomaines, and a con¬ 
siderable amount of literature on their formation 
and properties now exists, which it is impossible 
to deal with in the present article. Gautier a. 
Etard (C.B.94,159^ have shown that the com¬ 
plex phenomena of putrid fermentation may be 
regarded as brought about by the hydration of 
the complex adbuminoid molecules into simpler 
molecules. Two compounds are apparently first 
formed, one of which is stable and gives rise to the 
glanoo-proteins and leucines, to which Schfitzen 
berger attributes the formula wl^s 

the other is unstable, and decomposes rapidl; 
into NH,, COj. formic, acetic, and oxalic acids. 

In Schfitzenberger’s method of hydratio 
with baziam hydrate, the amides are not 
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Anted* bot bftoterift in putrefaction slowly change 
them into axnmonisoal salts. The crystalline 
bo^ 0 )iHmN, 0« produced abundantly in the 
putrefaction of fish also undergoes hydration 
when similarly treated. Putrefaction being essen- 
tially a process of hydration it follows that the 
aromatic derivatives and the bases produced 
during fermentation pre-exist as nuclei in the 
iflesh. The bases formed in the putrefaction of 
the skate can be obtained by acidulating the 
liquid prciuots with sulphuric acid. On evapora¬ 
tion, in vacuo, indole, phenol, and othef volatile 
products are removed and the residue, after 
treatment with baryta, is extracted with chloro> 
form. The bases are colourless oily liquids and 
resemble those described by Selmi. They have 
an odour like that of the carbylamines and hydro¬ 
collidine. By fractionation two bases, OsH„N 
and ChHisN, have been isolated. The latter 
(110'^) closely resembles Gabours’s and Etard's 
UydroooUidine, with which it is probably iso- 
meric. Two bases having the formula 
and 0 ,H,*N 02 have similarly been obtained from 
the products of the putrefaction of flesh and flbrin 
(Salkowski, B. 12, 648; 16, 1191). Brieger {B. 
16,1186) has extracted from putrefied horseflesh 
the bases and Gj9,,N. A base having 

the formula OjHioN, (17P) and soluble in most 
solvents lias been isolated by Morin from the 
products of alcoholic fermentation. It forms a 
double Pt salt and gives precipitates with the 
usual alkaloid reagents (C. R. 106, 860). Its 
toxic eflects have been studied by B.Wurtz (C.R. 
106,363). Tanret considers this base identical 
with (fl^-gluoosine obtained from glucose and 
ammonia (C. R. 106, 418). An examination of 
the amount of nitrogen bases present in fer¬ 
mented liquids (brandy, rum,<&c.),haa also been 
made byLindet (C. B. 106, 280). 

Sugar-forming ferments. -The more impor¬ 
tant chemical ferments which belong to this 
group are diastase, ptyalin, myrosin, emulsin, 
invertin, animal invertin, and one of the fer¬ 
ments whioh exist in the pancreas. They are 
found in the animal and vegetable kingdoms, in 
the former they are secreted by some of the prin¬ 
cipal organs, in the latter they occur in various 
parts of the plant. The sugar produced may be 
either dextrose or maltose, and the substance 
decomposed differs with the different ferments, 
Btaroh, cane-sugar, and the various gluoosides 
being the more important; we have already seen 
that the enzymes may bo isolated by precipi¬ 
tating the aqueous extracts of the organs con¬ 
taining them with alcohol. They are also mosVy 
soluble in glycerin, which may be used to ex¬ 
tract them from the finely divided material. 
The glycerin extract is themdropped slowly into 
strong alcohol, and the precipitated ferment 
collected. The chemical composition of these 
bodies has been investigated by Erauoh, Dubvun- 
faut, Hflfner.Bonath, Barth, and others, and from 
their analyses it is known thattbtS’ ail contain a 
considerable percentage of nitrogen. Invertin, 
emulsin, and the diastatio pancreas ferment also 
contain sulphur. ITie influence of temperature 
and light upon their action has already been 
alluded to. Dried ^astase can be heated to 158°, 
and the pancreatic ferment to 162°, without 
destroying their fermentative property. The 
amount of work whhflr they are able to perform 
* Yoi,. n. , 


I in a given time is, however, diminished by hei^ 
ing above 100° (F. Hiippe, 0. Q. 1881, 746). 
Ohloroform, carbon bisulphide, etoer, pruiiic 
acid, do not retard the action of these ferments, 
but most acids and alkalis binder their action. 
All salts and bodies whioh coagulate albumen 
•have the property of stopping this kind of fer¬ 
mentation. The tohemical obange brought 
about by the sugar-forming enzymes is one of 
hydrolysis. Diastase, ptyalin, and the diastatio 
pancreas ferment oonv^ starch or glycogen 
into a sugar (maltose) and dextrin. The pan¬ 
creatic ferment and ptyalin yield a dextrin 
(aebroodextrin) which differs from the dextrin 
obtained by means of diastase in not re¬ 
acting with iodise (Nafle, P/. 14, 473). In¬ 
vertin converts cane-sugar by hydrolysis into 
dextrose and levdose. The ferment action of 
emulsin consists in the hydrolysis of the glac(»- 
ides. Glucose is the constant product of ^ 
action. The following are those decompositions 
whioh are best established. Salioin to saligenin, 
helicin to salicylic aldehyde, arbutin to bydro- 
quinone and methylhydroquinone, amygdalin to 
benzoic aldehyde and prussic acid, coniferin to 
ooniferyl alcohol and daphuin andoonvolvulin are 
similarly hydrolysed by emulsin. Kencki is of 
opinion that in hydrolysis the water is split into 
hydrogen and hydroxyl by emulsin {J. jw. 17, 
10.3). Myrosin appears to determine the breaking 
up of the molecule of potassium myronate or of 
the free myronio acid into mustard oil, sugar, 
and sulphate without the assimilation of the ele¬ 
ments of water. It seems probable that with 
further investigation the formula of myronio 
acid may be modified and that this ferment 
change will also be found to be one of hydrolysis 
(Will a. Kdmer, A. 125, 263; Franohimonl’s 
Kort Leerhoek). 

Fepto&e-fcnning ferments. Digestion.—The 
peptone-producing ferments, pepsin, trypsin, 
pepsin (of plants), and papain, convert albumen 
into peptone. This change apparently is brought 
about in a similar manner tq those of the last- 
mentioned group, the elements of water being 
taken up by the albuminoid substances. OUier 
bodies besides peptone are produced, trypsin and 
papain yielding crystalline amido- compounds 
(leucine). Wurtz is of opinion that papain acts 
by combining first with the fibrin, and that an 
insoluble pn^uot is thereby produced, whioh by 
the action of water is reconverted into the fer¬ 
ment and soluble substances r^ulting from the 
hydration of the fibrin (Wurtz, C. R. 91, 787; 
93,1104). Pepsin also seems to first form an in¬ 
soluble compound with flbrin, whiob is subse¬ 
quently broken up by water. Certain bacteria 
resemble these enzymes in their action, and pro¬ 
bably have this property from secreting a similar 
fdfment. The principsi albumen-forming fer¬ 
ments are the liver ferment, the blood ferment, 
and ohymosin. Ferments analogue to tbe liver 
ferment exist in the vegetable kingdom. Tbe 
eqaversion of oaseinsinto cheese by rennet is an 
example of this class of fermeptation, and from 
the analyses of these two bodies it seems pn)- 
bable that in this case also the change is one of 
hydrolysis. A ferment similar to that existing 
in the liver is found in certain plants,^ notably in 
Oxdlia Acctosclla, 0. stricta, Oinium arveHM, 
Bumex Patientia, Intbe leaves of artiohoikia,and 

Nt) 
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ia the leede ol blaok pepper and Wilhamia co> 
aguJatu. Certain bacteria separate a ferment 
which behavea like chymosln. 

A ferment also exists in the pancreas, which 
is capable of decomposing the fats into gly* 
eerin. Not only are the tnglyoerides attacked, 
bat complex mcdectdei like lecithin are also by* 
drolysed. i 

Antiferments or Antlsepties.—Many inor> 
ganic and organic substances have the property 
of arrratii^ or hindering fermentation. They 
act by killing the organisms which bring about 
the fermentation, and most of the substances 
which have poisonous properties have also anti* 
septic properties. In tee earlier experiments it 
was noticed that while oreoar.te and phenol ar* 
rested tee development of fungi and germs fcr* 
mentation still proceeded, and Buchholz (/. 1867, 
742) found that milk tamed sour when phenol 
was present. Naunyn (/. 1865,606) noted teat 
benzene interfered with the action of yeast on 
sugar solutions. Pienkovreky (/. 1865, 606) ex* 
amined the antiseptic action of a considerable 
number of salts on meat with tee following n* 
suits 

No antiseptic action: 

Alum, A1..8SO*, N%HPO^, Sr2NO„ Ba2NO,. 
(NH«),C,Oo NajCjO,. BaCl„ Na.SO„ NajS.O,, 
NH,NO^ KC10„ Na,SO„ K;S04, MgSO*, 
(NH,),804, Mn(AoO),, and A8,0,. 

relayed putrefaction for one month: 

KAcO.NaAcO, Ca(AcO)„ NaCKNH^Cl.SnCl,, 
MnCl,. ZnCl,, ZnSO^FeSO^, K,SO„and Pb2NOr 

Delayed putrefaction for more than six 
nontes: 

NHAc03e(AoO)2,CaCl„GnC4,HgCl2,CaS04, 
Pb(AcCi^ 2 , aniline nitrate, phenol, and 

acetic acid. 

Formic acid, according to the same inves* 
ti^tor, is a powerful antiseptic for sugar solu¬ 
tes. Seven (Z, [2] 4,286) has examined the 
■ntiseptio action of teeanimal secretions. Alco¬ 
holic fermentation and putrefaction are arrested 
by gastric Joice, hpt not by pepsin. Lactous fer* 
mentation is not retarded by either reagent. 

Boric acid and most of ite compounds have 
antiseptic properties. Dumas found that borax 
prevents the action of yeast water on sugar, of 
synaptose on amygdalin, and of myrosin or my- 
ronieacid. Calcium borate and boric acid either 
alone or mixed with glycerin prevent the for* 
mation of mildew and tee putrefaction of meat. 
Hereurio oxide Appears to be tee most powerful 
of all antiseptics, and next to it mercuric chloride. 

Afflcmff organio bodies phenol, chloral hy¬ 
drate, ohloroform, stflioylio acid, benzoic acid, 
hydro^nic acid, and thymol, all have marked 
antiseptic properties. 

Of the ^idoids, quinine prevents, while nico* 
tine ioc^erates fermentation. Calvert (Pr.‘20, 
191) found teat oa tee sd^tion of one teonsandte 
part of tee following aiit^ptics to a solution of 
idbomen he obtained tee following results 

1 . Phenol and creeol pisventea the growtl) of 
fungi and baoteya. 

2. ZnCL and sine phenol sulpbonate 
prevented tee development of vibrios, but did 
not stop the production of fnngL 

$, OaO, quinine sulphate, pepper, and HCN, 
tied im growth Of vibrios, Imt allowed (be 
todevil^. 


4. Those which had no preventive aetioa 
(under these conditions). SO„ HjSO„ HNO» 
Ab.O„ AoOH, KHO. NaHO, NH,, 01, NaOl, CaOl, 
AlOl„ Ca(OCl}Cl, KC10„ CaSO*, FeSO^, CaSO*, 
NajSaOj, NailPO,, Caa 2 P 04 , KMn 04 , E and Na. 
Phenol sulphonates, picric acid, turpentine, and 
wood charcoal. Sodium sUicate (Babuteau a. 
PapUlon, G, R. 75, 765) prevents the alcoholic 
fermentation of grape-sugar, and the duosilicatei 
have also consideraole antiseptic properties. 

Salts of bismuth even in small quantiti« 
completely prevent secondary fermentations in 
worts (Gayon a. Dupetit, 0. B. 103, 888-886). 
The infiuence of oubmel on fermentation and 
the life of micro-organisms has been ci^efully 
studied by Wassilieff {H. 6,112-184). The com- 
parative antiseptic properties of HgCy,, mercury 
oxy^anide, and HgClj, have been determined 
by (teibret (C. B. 107, 119). Ratimoff {J. Ph, 
[5] 11,88-90) has determined the limits between 
which lie the minimum quantities of various 
antiseptics required to kill and to prevent the 
development of microbes and bacteria in certain 
media. 

The relation of antiseptic power to chemical 
constitution has been investigated by J. B. Dug¬ 
gan {Am. 7, 62-64) by noting the amount of sub¬ 
stance required to prevent fermentation by baciU 
lui subtilis in a somtion of beef peptones. The 
following numbers show the relative antiseptic 
values of the materials used: Salicylic acid, 4; 
m-oxy-benzoio acid, 6 ; p-oxy-benzoio acid, 8 $ 
phenol, 20; pyro-catech, 20; resorcin (25); hy- 
droquinone, 80; pyrogallol, 15; methyl alcohol, 
300; ethyl alcohol, 500; norm^ propyl alcohol, 
200. Of the three phenol sulphonio acids the 
ortho-acid only has antiseptic and«dUinfectuig 
properties in a marked degree (Vigier, J. Ph. [5] 
11, 145-152, 214-217). Pblorogluoin is pos¬ 
sessed of no antiseptic properties, whereas py¬ 
rogallol is poisonous, and resorcin coagulates 
both vegetable and animal albumen (Andeer, 
C. C. 1884, 840-341). A paper by G. Marp- 
mann {Ar. Ph. [3J 20,905-^24} deals with the 
methods for determining the vitality of those 
bacteria which cease to move when dead, and 
points out the difference between antisepsis and 
disiofeotion, and gives a list of the literature on 
tee subject to 1881. 

Literature consulted.— 

Huber a. Becker, Paihol, histol. iL bacUriol. 

Untmuchungsmtkodtnt Leipzig, 1886. 
Nageli, Tlmritder Gdhrunp, Mffnobon, 1879. 
Frazmowski, Untenuchungen U. d. Entmcke- 
, lungsgmkickte u. FerrMntwirkung tmig&r 
Baclmm^Artm, Leipzig, 1880. 

Mayer, Ijehre v. d. chem. FermenUn o. iSnjy* 
mologie, Heidelberg, 1882. 

Fremy, Sur le^ giniraUoH des Ferrrmis, ParUc 
1876. 

De Ba^, VergUich9nd4 Morphoi. u. Biolog. dei 
Pilte, Mycetoaom u, BacUrim, Leipzig 
1884. - 

6.B. 

FXBRATSI. Salt! of the hypothetical/(srrf 
atid BftOy Neither the acid nor its anhydrid 
(FeO|} nae j^n isolated. 

Stahl noticed is 1702 that a violet solution f 
obtained by fusteg i^on with saltpetre and wasl 
isg with water, pt m adding a station of ire 
is HNO| to oose. KOSAq. 
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Vlrom mmsureraents of the 0 evolved and the 
Fe,0, (onned in the deoomposition of E ferrate, 
Frem; gave the formala FeO, to the hTpothetioal 
aoidio radicle of the ferrates; Uiis was oonfirmed 
by H. Bose, who determined the quantity of I set 
free from El by reaction with Ba ferrate (A, 48, 
280). 

The ferrates have been examined by Freiny 
ffO.B. 12,23 i 14,442; 16, 1106; 16,187); H. 
Bose (A. 48,230; P. 69, 316); Denham Smith, 
(P. U. [3] 28, 217); Mera tj. vr. 101, 269); 
Poggendotfl (P. 64, 873). 

Barium ferrate. BaFeO,.^0, has been ob¬ 
tained as a solid. The compositions of the soluble 
E and Na ferrates were deduced frdm estimations 
of the ratio of Fe ppd. as Fe,0, to 0 evolved by 
decomposing the solution by heat (Fremy, Den¬ 
ham Smith), and also by reducing by SO, and 
then estimating the ratio of Fe,0, ppd. to SO, in 
solution (H. Bose). 

Barium ferrate BaFeO,.H,0. Obtained as a 
purple-red powder by adding BaCI,Aq or 
Ba(NO,),Aq to E,FeO,Aq, washing, and drying 
(Denham Smith). It is more stable than K,FeO,; 
decomposed by HNO,Aq, slowly by ^S 04 Aq; 
sol. in acetic acid, forming a red liquid, which 
evolves 0 on heating; scarcely decomposed by 
organio salts. 

Fotassinm ferrate, E,FeO,Aq. Prepared by 
heating 2 pts. ENO, in a large Hessian crucible, 
arranged so that only the bottom is heated to 
dull redness, and throwing in 1 pt. iron filings; 
the fused mass is extracted with cold water in a 
closed vessel (Fremy). More conveniently pre¬ 
pared by passing a rapid stream of 01 into cone. 
KOHAq wanned to about 40°, holding FeO,H, in 
Buspensioif; Merz (i.c.) recommends to dissolve 
6 pts. E0Hin8pt8.H,0,and toadd8pts.FeCl,Aq 
of S.G. 1'109; excess of Cl must be avoided. 
According to Fremy, crystals of E.,FeO, may bo 
obtained by making the EOHAq very cone., and 
adding EOH from time to time as the 01 is 
passed in; the crystals may be freed from EOl 
by solution in water and ppn. bjr potash, they 
may then be dried on a porous Ue and kept in 
sealed tubes. Poggendorff {U.) says that crys¬ 
tals of potassium ferrate may be obtained by an 
electrolytiemethod; a oylindrioal vessel of porous 
porcelain is placed in a beaker cooled by ice; 
potash sijution is poured into both vessels, a Pt 
plate, which serves as negative electrode, is im¬ 
mersed in the porous oylinder, and the positive 
electrode is a plate of wrought iron (not steel) 
which is placed in the beaker; when a strong 
current is passed, the liquid round the positive 
pole becomes dark red, and crystals of E ferrate 
form on the iron plate. Bloxam (0. N. 64,43) 
says that a solution of E,Peq, may be obtained 
by adding a fragment of EOH to a little Fe,OL 
and then a few drops of heating gently and 
dissolving in water. 

A cone, solution of E,Fe 04 is^eep cad; it is 
stable especially if a little EOH be present; on 
dilnHon and warming, FeOJff, is pw., and 0 is 
evolved; the solution is decomposed by acids; 
It reacts towards BO,Aq, dto., as an otddiear; 
the soluticm is dsooloarised by metals ana many 
salts of earth-metels, aqf. alum; it is also 
deoolourisslby MH^Irith evolation of N; 
the solntton acts aa- an oiidiset tow^ 
atganic oomp^mda wbiah ata oi i diiaa ay 


EMnO,Aq, e.y. alcohol, sugar, albumen, potas¬ 
sium tartrate and oxalate. 

Sodium ferrate Na,FeO,Aq. Solution Ob¬ 
tained similarly to E,Fe 04 Aq. 

M. H. P. M. 

FEBBIC COKPOtINBB v. Ikon. 

FEBBICYAimiXS and FBBBOOTAVIDBS.. 
Balts of ferricyanhydrio acid H,FoOy„ and 
ferrooyanhydrio acid H4Fe0y„ v. pp, 838, 337. 

FEKBITB8. Ferric oxide Fe,0, forms com¬ 
pounds with several metallic oxides more basic 
than itself; these compounds belong to the 
form Fe,0,.M,0 and Fo,0,.MO, where M,-K, 
and Na„ and M-Ba, Ca, On, Mg, or Zn; 
they are analogous in composition to the 
aluminates (q.t).*vol. i. p. 141), and may be re¬ 
garded as metallic derivatives of the hydroxide 
Fe,0,H,( = Fe,0,,H,0). 

Barium ferrite BaO-FejOi-BaFCjO,. Ob¬ 
tained bi List (B. 11,1612), by ppg. Fe01,Aq by 
BaOAq, as a brown, magnetic solid. 

Calcium ferrite Cs0.Fe,0, = CaFejO,. Percy 
(P. M. [4] 46, 466) obtained this salt in metal- 
like lustrous crystals, S.G. 4-693, by heating 
equal parts of CaCO, and FojO, to white heat for 
several hours. List (B. 11, 1612) obtained the 
compound as a brown solid by adding CaOAq to 
FeCl,Aq, washing vrith GaOAq, and heating (v. 
also Pelouze, A. Oh. [8] 33,6; also Bonsseau a, 
Bernheim, 0. B. 106,1726). 

Copper ferrite Cn 0 .Fe, 0 ,-CuFe, 04 . A 
brownish-black, magnetic solid; by adding 
EOHAq to a mixture of CuSO, and Fed, iq 
quantity sufficient to ppt. all Cu, drying over 
H,S 04 in vacuo, and heating (List, lx.). 

Magnesium ferrite MgO-Pe,{L—MgFejO,. 
Occurs native aa MagnoferriU. Obtained by 
mixing equivalent quantities of MgSO, and 
NaOH and adding reCl,Aq until the liquid is 
still slightly alkaline, and beating the pp. 
strongly (List, lx.). Kraut (0. C. 1864. 1088) 
obtained Fe,0,.6Mg0.9H,0 by adding 6 equivs. 
MgSO, and 1 equiv. of a ferrous salt to excess of 
EOBLAq, B.G. 1-1, boiling for some hours until 
the pp. was white, and drying at 120°. 

Potassium and Sodium ferrites 
K, 0 (Na, 0 )J'e, 0 ,-K,(No,)Fe, 04 . Formed by 
adding Fe,0, to molten K,CO, or Na^CO, («. v. 
SohaSgotsoh, A. Oh. 43, 17; Schneider, J.pr. 
108,19; List, B. 11,1612). Eousseau a. Bern- 
heim (0. B. 107, 240) describe K,0JFe,0, as 
transparent, red-brown crystjla; obtained by 
mixing crude K ferrite (best that made by fusing 
, FeO,H, with 4 parts K,CO,) with twice its vreight 
I of KOI, and heating stropgly until most of the 
KOI is volatilised. Other crystalline compounds 
of Fe,0, with K,0 and sH-O were obtained by 
heating FeSO, with an equal weight of KOI. 

, Zinc ferrite ZnOJe.O.-ZuFe.O,. Occurs 
native as Franklrniis. Obtained as minute, 
black, octahedral oijstale, which are slightly 
magnetic, by heating to whiteness for 4 ^ » 
mixture of 1 pt. Fe,0„ 2 p^ ZnO, udSM^. 
fused H,BO„ and Seating with dilute SEOlAq. 
S.G. 6-182 (Ebelmen, A. Oh. W] 88, 47; f. also 
Daubrde, 0. B. 89, 188; Beioli, /. jw. 88,266; 
and List, B. 11,1612). , 

Ferrites of lead, mangMS^ and sa^ sami 
also to Mdst («. List, Ut B. Boas, B. 101,828; 
Fis<fiiat,8.M;861). 

liirB 
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llC,H,(OMe)(OH).OH.<IH.OO,H. Mol »■ 
[169®). Ooours in asafoBtida, from which iwj 
jied by ppg. the alooholio tincture witbieaa 
ite and decompoeing the resoltii^ lead salt 
:iOi (Hlaaiwetz a. Barth, A, 188, 64). Ob; 

M also ^ boiling its awtyl derivative with 
one KOH. Long trimefrio four-sided needles 
Q boiling water). V. el. sol. cold water, v. 
cold alcohol, m. eol. ether. Its aqueous 
tion is ppd. by Pb{ 01 o )8 and by FejCl,. 
noniaoal AgNO, gives an egg-yellow pp.; 
iction takes place on boiling. Potash-fusion 
)8 protocatechuio and acetic acids. It re- 
ea boiling Fehling’s solution. Sodium- 
algam r^uces it to ^ydroferulio acid 
L(OMe)(OH).CHyCH,.CO,H [90 ]. 

Balts.—NHjA'aq: laminie.—KA' (at 110'*); 
aw-yellow deliquescent crystals.—AgA'. 
Acetyl derivative < 

H, (OMe)(OAc).CH:CH.CO^. [197®]. Pre- 
red by boiling a mixture of acetyl-vanillin 
pts.), NaOAc (6 pts.) and Ac^O {IS pts.) for 
hours (Tiemann a. Nagai, B. 11, 650). Vanil- 
j may be used instead of its acetyl derivative, 
ender needles, v. sol. alcohol and ether, si. sol. 
ater. 

Xio*feraUo acid C,^,oO, i.e. 

1:3:1] C,H,(OMe)(OH).CH:CH.CO,H. Eespere- 
;c flknd. [228®]. 

Jhmntion.—1. By the action of McI and 
;OH on caffeio acid (Tiemann a. Nagai, B. 

I, 664).—2. Together with phloroglucin by 
■ niltng nesperetin with dilute NaOH. 

Pr m ert i ee ,—White needles or plates. Sol. 
doohoi, ether, and hot water, si. sol. cold water, 
lenzene, and chloroform, insol. ligroin. 

Reactims.’-l. Fused with KOH it gives pro- 
locatechuic acid.—2. By reduction it gives 
hydro-isofentlio acid [146®]. On heating it gives 
CO, andhesperetol {C,H 3 (OMc)(OH).CH:CH.;|. 

Salts.—A',Ca2aq: sparingly soluble needles. 
—A'Ag: slightly sol. pp. The salts of barium, 
ainc, copper, aSid lead are also sparingly 
soluble pps. 

Methyl ether A'Me. [79®]. Colourless 
needles. Soluble in alcohol. 

Acetyl derivative 

aH,(OMe)(OAo).CH:CH.CO,H. [199®]. Colour- 
less plates. Soluble in alcohol and ether, in¬ 
soluble in water. On oxidation with KMnO^ it 
gives isov«niIl(p acid. 

3 fethyl»i 80 /eruUe acid 
C.H ,(OMe)rOH:CH.CO,H. F. Vol. I p. 669 (Tie- 
mann a. B. 14,.^6). 

FBBTTLIC ALBEHYDB 

r 8 : 4 :l] 0 ,H,(OMe)(OH).CH:OH.CHO. [84®]. From 
its gluoosiae by treatment with emulsin at 85® 
(Tiemaxin,B. 18,3484). Yellow needles. Sl.^ol. 
cold water, T. sol alcohol, ether, and benzene; 
insoL ligroin. Combiffcs with NaHSO,. Its 
aqueous solution is coloured green by Fe0l„ and 
on boiling with FeCl, mves ofl an odour of 
vaniUa. 

&luc 0 $ide» 

OA(OM»)(O.O.Hj,o3!ofa;OH.ClHO. pM'n. 

the dnoixide of «mUin by treatment with 
uneoiu NeOH end eUel^de (T.). Yellow 
oMdlee (eonteinisg 214 ) weter). SI eol 
eold mter, r. eol eloohol bud. ethei, ehlmro. 
(enaiMdlwauoe. 


Oxtm i/a* fWeoiM* 
O.H.(OMe){OWA)Ofl:CH.OH:NOa. cm 

Needles, si. id. oold water, m. id. tloohd, in- 


‘°^'pke»iil hydraiii* of the flueosid* 
C.H.(OMe){OC.H„OJ.OH:OH.CH:N.HPh.[2in 
Amorphous, v. sol alcohol v. si sol water and 


ether. 

FIBEIK 0. Protkids and Blood. 
FIBEINOQEN t). Photeids. 
FIBElNOPLASnK v. PaoTsms. 


FIBROIN V* PRcTBinB, Appendix 0* 

FICHTELITBC„H„orO, 3 H«. [46®]. (a^ve 
320®). A fossil resin found in the Fiohtelgebirge. 
It is a hydro-carbon containing from 87 to 88 p.o. 
carbon (Trommsdbrff, A, 21, 126; Bromeis, A, 
37, 304; Clark, A. 103,236; 119,226; SohrQtter. 
P.59.37; Hell,B.22,498). Monoclinioprisms. 
Insoluble in, and lighter tnan, water; v. si. sol. 
alcohol, V. e. sol. other. With halogens it gives 
products by substitution. 

FILICIC ACID C,,H,«0,. leobutyryl-oxy^ 
naphtho-quinonef [180® uncor.]; [185®] (L.). 
Occurs in the root of the common male fern 
(Aspidiwin Filix-mas) from which it thay be 
extracted by dry ether. After a few days the 
ether deposits the acid as a greenish-yellow 
powder, which may be purified by washing with 
alcohol-ether and recrystallising from ether 
(Luck, A. 54, 119; B. 21, 3466; Grabowski, A. 
143, 279; Daccomo, C. C. 1887, 1357; B. 21, 
2902; Paterno, B. 2*J, 463). Minute laminae, 
insol.water, v. si. sol. alcohol, sL sol. ether, v. 
e. sol. CS^, ligroin, and terpenos. After fusion 
it melts at 150° to 160°. Its solution reddens 
litmus. Potash-fusion gives butyric acid and 
! phloroglucin. Water at 180® gives isobutyrio 
acid and a body C~ijH|,0,. KMnO, and HNO, 
(3.G. 1'4) give isobutyrio and oxalic acids. Zinc 
dust gives a body C,,H,,0„.—PbA'.,: curdy pp. 

Benzoyl derivative C„n.,oO,. 

Ethyl ether [Hi”], hrick-red crystals. 

Ethylene ether. [165°]. 

Propyl ether. [158°]. 

Phenyt-hydr azide C„H„ 0 (NjIlPh) 4 . 

[108°]. Bod needles (from ether). 

Anilide C„H„O.NHPh. [140°]. 

Bromo-SUoic acid 0„H,.BtO,. [122°]. 

ChlotoJUcic acid C„H„01O,. Frpm chlorine 
gas and solid flUoio acid. AraorphouB. Its 
alcoholic solution gives with lead acetate a pp, 


jt PbA'r 

Tri-chlore-Hlioie aold 0„H„C1,0,. Former 
Ly the action of chlorine on filioio acid sus 
pended in water. Amorphous.—FbAV 

FHiTKATIOII. The separation of a soli 
from a liquid bf nfcans of a membrane impel 
vious to the sohd. 

FISCIO ACID. 0. 67-33 to 67-68 j H. 4-7 
to 5-08. [204°]. A Bubstanoe extracted fror 
the Fiecia parietina, a lichen mowing abu: 
dantly in Sicily on the branchoc of ahmbs. Pr 
pared by beating the lichen in a reflux apparat 
vrith hoiUng alcohol; the black residue cm tree 
mentwitb ether leavef a black orystaUims 
sidne, which ia frequently rccryatallised be 
hcnienc in prcccnoc of animal charcoal. Yis 
small. Forma red-brown crystals, iolnblc 
potash forming a roia-ted salt. ItciUMtsor 

aideraUa rescnihlMMe to AtyK^unia mU, [ 
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diilwi trom it in oomposition and higber : 
ing-point nPatarn^, G, 1882,254). 

FISSTIN O 0 H„O.(J. Sohmid,3. 19, 1784; 
c/. Koch, B. 6,286; BoUey, Bl, [2] 2,479). This 
name was given by Ohevreul to ‘ young fustic,’ 
the yellow colouring matter of Fleet wood (the 
heart-wood oiRhua Cotinu^, a species of sumach). 

occurs as a glucoside combined with a tannin. 
Alkalis or aoi^ split ^is compound up into the 
tannin and the glucosidejf^fustin'). The glu¬ 
coside is split up by dilute HgSOfinto fis^tin and 
a sugar. Fisetm crystallises from alcohol in 
small lemon-yellow prisms; and from HOAc in 
yellow prisms (containing 6 aq). SI. sol. ether, 
benzene, ligroin, chloroform, and Soiling water, 
V. sol. alcohol. It begins to l))acken at 270*^ but 
does not melt below SCO*^. It may be sublimed in 
small needles. Nitric acid oxidises it to oxalic 
and picric acids. H 3 SO 4 forms a sulphonio 
acid. It reduces Fehling’s solution. Alkalis turn 
its alcoholic solution brownish-red. Potash- 
fusion gives protocateohuic acid and phloro- 
glucin. 

Salt.—CjjHj^NajO,: yellow needles. 

Acetyl derivative CjsH,jAOaO,. [201®]. 
Needles, si. sol. boiling alcohol, v. sol. chloro¬ 
form. 

Benzoyl derivative [185®]. 

Needles. With excess of BzCi it gives a com¬ 
pound [195®]. 

Qlucoaide {(CaH,,0,).C.rtH,jOj},iO. Fustin. 
[219'^]. Obtained as above. Needles; v.sol.boiling 
water, alcohol, and alkalis, si. sol. ether. Lead 
acetate gives a yellow pp. Cupric acetate gives 
a brown pp. FeCl, produces a green colour 
which, on addition of dilute soda, changes through 
violet-blue to red. 

Ethyl derivative C„H,*Et#0,. [107®]. 

Long pale-yellow needles. 

Methyl derivative C.^HiuMe^Og. [153®]. 

FIXED AIB. The name given by Black to 
carbonic anhydride CO^ (v. vol. i. p. G91). 

FLAME is gas or vapour raised to a tempera¬ 
ture at which it becomes self-luminous. The 
luminosity depends essentially on the specific 
emissive power for light of the incandescent 
gas, and according to the law of exchanges is 
proportioned to the power of the gas to absorb 
the same kind of light at the same temperature. 
In nearly «11 cases, the high temperature, and 
hence the flame, is the result of chemical energy, 
displayed (in the great majority of instances) in 
the combination of two or more gaseous sub¬ 
stances; hence the production of flame is in 
general essentially a synthetical process. Thete 
are, however, cases in which flame is produced 
by the breaking up of a conmlex molecule either 
into simpler forms of comoination, or into its 
elements, as, for example, in the flame which ao- 
companies the destruction of nitrogen trichloride 
where no combination or rearrangement of the 
constituent elements other than irito molecules 
takes place. Flames of this character are in¬ 
variably * solid,’ t.e. they are wholly composed of 
glowing particles, and are wanting m the internal 
structure which la oharaoteristio of all ordinary 
flames. Flames of the synthetical class may, 
however, be ’ solid *>Hiaoh, for example, are the 
flames of intimate mixtures of oxygen and hydro¬ 
gen, of chlorine and bvdrogen, or of vapour of 
aarbon disulphide and utrio oxide* In these oases 


the chemical eotnbihation is exeeedin^y 
the heat developed is great, and the oonse^u^ 
molecular vibration is so intense that H beoomM 
explosive in character. 

According to Bunsen (P. A. ISl, 161} in i 
mixture of carbon monoxide, or hydrogen, with 
oxygen in the exact quantity needed for complete 
combination, only one-third of the carbon mon¬ 
oxide or hydrogen is burnt at the maximum 
temperature, the remaining two-thirds at the 
high temperature (2558®-3033®) having lost the 
power of combination. If an indiflerent gas is 
present the temperature of the flame is reduced, 
and larger quantities of the g^es combine to¬ 
gether, as much » half the amount* of carbon 
monoxide or hydrogen combining within a range 
of temperature between 2471® and 1146®. 

It would appear, therefore, that gases iu 
combining together with the production of suoh 
an amount of heat as to produce flame unite 
per ealtumt and that the combustion is not a 
continuous uninterrupted process. Thus in the 
case of carbon monoxide, when two vols. of this 
gas are mixed with one vol. of oxygen, both 
gaies at 0 ®, and the mixture is ignited, the 
temperature is raised to 3033®, and two-thirds 
of the carbon monoxide is left unburnt; by 
radiation and conduction the temperature is 
lowered to 2568® without any combustion of the 
carbonic oxido; at a little below this point com¬ 
bustion recommences, and the temperature is 
again raised to 2558®, but not above this point. 
This temperature continues until half the carbon 
monoxide is burnt, when the combustion ceases, 
until by cooling and radiation the gaseous 
mixture has cooled to 1146°, and these alternate 
phases of constant temperature and of decreas¬ 
ing temperature arc repeated until the whole of 
the combustible gas is burnt. 

Bunsen has also determined the rate of 
propagation of the combustion of a mixture of 
oxygen and hydrogen, and of carbon monoxide 
and oxygen, mixed in the exact quantities for 
complete combustion. In •the oxyhydrogen 
mixture the velocity of inflammation was 
34 metres per second; in that of carbon mon 
oxide and oxygen it was less than 1 metre per 
second. By adding to the mixture increasing 
amounts of an indifTerent gas the rate is rapidly 
diminished until the progress of the flame 
throughout the mass may be followed with the 
eye. • 

The flames with which we are ordinarily 
familiar, as that of a candle or of coal-gas, ue, 
however, of a very differenkcharacter from the so- 
called * solid * flames. In ordinary flames a stream 
of combustible gas comes in oonteet with atmo¬ 
spheric air at a temperature sufficiently high to 
effect the chemical union of the constituents of 
the gas with the oxygen of the sir with the oon- 
soquent production (fl heat and light. It is 
obvious that this union can only take place at 
the points of contact between the air and the 
gfls: hence such a ifkme is necessarilv hollow, 
its internal space consisting ef ’combustible’ 
gas which has not yet come into contact with 
oxygen in quantity sufficient to bum it. Ths 
form of the flame for any particular gas will 
thsrefore be dependent upon the mode in wdfloli 
the gas u caused to issue into the air, and, this, 
in its turn, is controlled by the ^laracter ^ 
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J«t 01 homer, and by the pmsora ondar vbieli 
Ibe gas ia delivered. 

It is obviously izomaterial to far as ibe pro* 
dootion ot a dame is oonoemed whether the gas 
iaaoes Into the oxygen, or the oxygen into the 
* oombostible ’ In either case we shall hsv^ 
ohemioal oomblnation ocoupring at the point of 
eontaot of the two gaseous substances, provided 
the temperature be raised to ^at of ignition, 
and a flame result from the heat of combi¬ 
nation. In this way chiorine may be caused to 
bum in hydrogen, and air may seem to bum in 
coal-gas. Hence the terms * combustible * and 
'sapjMrter of combustion ’ as applied to gases 
which may be made to bum in each other have 
no real si^nfioance; the sanie gas may appear 
to be * combustible,* or ‘ to support combustiou,*; 
in accordance with the manner in which it is pre-1 
sented to the gas with which it combines with 
the production of sufficient beat to gire flame. 

The two main factors which determine the 
interaction of two gases, which are susceptible 
of ohemioal change when mixed, are tempera¬ 
ture and degree of condensation. A stream of 
hydrogen issuing into the air under ordinary 
oiroumstanoes does not ignite. If, however, the 
air or hydrogen, or both, be raised to a 
sufficiently high temperature just prior to ad¬ 
mixture, chemical union will be initiated and 
flame will result. Hence a red-hot wire, or the 
flame of a taper, or electric sparks, cause 
the hydrogen to hum; these means have sufficed 
to raise the temperature of the gases to the j 
^int at which chemical combination can occur.' 
The union of oxygen and hydrogen may, how¬ 
ever, be effected at a low temperature under 
certain conditions, as, for example, by the ‘ cata¬ 
lytic * action of platinum or palladium. If a 
perfectly clean piece of palladium or platinum 
foil be suspended in a mixture of oxygen and 
hydrogen at the ordinary temperature, water will 
be seen to form on the surface of the metal in 
rapidly increasing quantity, the metal will be¬ 
come not and will eventually mise the tempera- 
tan of the gases to the point at which an almost 
Instantaneous combination will occur, and flame 
and explosion will result. This power to effect 
onion lb dependent on the capacity of the metal 
to * occlude ’ gas, and, as Berliner {W. 85,791) 
hM shown, it is more efficacious in the case of 
palladinm than in that of platinum, in conformity 
with Orabam*^ observations of the relative 
*ocolaslve’ capacities of the two metals for 
hydrogen. The 'catalytic* action is greatly 
augmented by increase of temperature, which 
exj^Ains tbe rapidly increasing rate of formation 
(A water and the eventual explosion. The 
oedu^ hydrogen at the ordinary temperature 
combines iHth oxy^n, heat is develop^, and this 
accelerates the nnion of fresh quantities of the 
gases, the metal is thereby rapidly raised in 
temperature, and eventually brings the mixture 
to the point of inflammation. Precisely the 
same pfmciple is seen at work in the well-Imo 
IMbareiner lamp, in which a current of hydrogen 
is 4»osed to impinge upon a small quantity of 
platinum-black which has been exposed to the 
ab. Under the influence of the finely divided 
metal the gases combine with the ^neration 
of suffieimt heat to effect the ignition of the 
hydrogen u it isstws into tile air. Dulong and 


Thenard, tnd Turner and Henry, have ihown 
that copper and iron turnings, sine foil, and even 
charcoal, will bring about the same result, al¬ 
though much less actively, at varying tempera¬ 
tures up to the boiling-point of mercury. 

Certain cases and vapours spontaneously in¬ 
flame as they issue into the air, such, for 
example, are boron and silicon hydrides, the di¬ 
hydride of phosphorus, thio-phosphoryl fluoridet 
cacodyl, zmc-etiiyl, Thus too acetylene 
sjpontaimously inflames in chlorine, and sul¬ 
phuretted hydrogen in chloric oxide. The spon¬ 
taneous inflammation may in some oases be due 
to the fact that the ignition-temperature of the 
mixture is as* low as that of the ordinary tem¬ 
perature of the air, or that the temperature lias 
been raised to the ignition-point by a preliminary 
reaction between the substances. The spon¬ 
taneous inflammation of' engine-waste,* or wool 
saturated with oil, is due, in the first instance, 
to the development of heat attending the ab¬ 
sorption of oxygen from the air by the oU. 
Oxygen so absorbed by oil will indeed act as 
energetically as it occluded by platinum. A 
woollen rag or a bit of blanket sprinkled with 
oil and suspended in a mixture of sulphur di¬ 
oxide and air will rapidly 'tinder* from the 
formation of oil of vitriol. 

We have as yet no very exact information 
concerning the ignition-temperatures of gases. 
The experimental difficulties in the way of 
carrying out such determinations are very con¬ 
siderable. A. Mitscherlich has described a 
method {Fr. 16,67) of ascertaining the ignition- 
point, but no determinations by means of it have 
yet been published. It is, however, certain that 
the ignition-temperatures of gaseofts mixtures 
are as a rule by no means so high as is oommonij 
supposed, and they lie within extremes of tern 
perature admitting of comparatively easy deter 
mination. When once initiated, thecontinuanc 
of the combination of uniimited amounts of th 
constituents of a combustible mixture, or in othe 
words the continued existence of a flame, depend 
, primarily upon the condition that the combinin 
I gases are maintained at the temperature require 
I to bring about their union. Any agency or ooi 
i dition which lowers the temperature below th 
point will extinguish the flame. A coal-gas 
flame is extinguished by a cold ma8^of copper, 
and a candle flame by a helix of cold copper wire. 
The metal abstracts sufllcient heat from tlie 
gases to lower their temperature below the point 
of combination. If the metal is heated prior to 
ils introduction into the flames they are not 
extinguished. 

The cooling action of metal is made use of 

10 the Hemming lafety-jet used for burning 
mixtures of oxygen and hydrogen, but a fai 
moro important applioation of it is seen in thf 
Davy safety-lamp. This is simply a small oil 
lamp 8arrour>ded by a cylinder of wire gauze 

11 tile lamp is Introdui^ into an explosiv 
mixture of ^a-diunp and air, combination occur 
within the cylinder, but the flame is pifevente 
from traversing the gauze by the cooling actio; 
of the metal Any oiroumstance whkh cause 
tiie gauze to become hot, or which prevents i 
from exeritog its qieoiflc cooling aeti^ m^e: 
the lamp uneafA Thus if the flame imping< 
on the wire gauseso as to heat it to redn^, t 
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UtbebanUiigUmp be in % oonentof tir 
tnd &re*demp exceeding in Telooiiy six ieet per 
second, or if it be struck by e sound ware of 
BofSolent intensity, the flame trill pass through 
the meshes, and may ignite anexplosiyemixtnre 
on the oatside of the cylinder, 

A flame may be extinguished, however, in 
0ber ways than by the cooling action of metals, 
as, for example, by mixing the combustible gases 
with a sufficiently large quantity of an indif¬ 
ferent gas which will act by absorption of heat, 
in the same way as metal. The effiot even 
of small quantities of indifferent or chemically 
inactive gases in lowering the temperature of a 
flame is very marked, and is well illustrated in 
the different characters of the flame of hydrogen 
burning in air and in oxygen.* In extinguishing 
a flame, say of a candle or coal-gas, by' blowing 
it out,' the puff of air acts partly by suddenly 
scattering the glowing gases from the area of 
supply and pa^y by its cooling action. Al* 
though oxygen is essential to the existence of 
the oxyhydrogen flame, it is readily possible to 
extinguish the flame by an excessive supply of 
that gas within the jet. The power which an 
indifferent gas possesses in destroying flame has 
received important practical applications in seve¬ 
ral flre-extinguishing apparatuses. 

If the flame of a candle or of coal-gas be 
closely examined it will be seen that the one does 
not touch the rim of the burner nor the other 
the wick (Bloohmann, A. 168, 345). The inter¬ 
mediate space in the case of coal-gas may be 
increased by mixing it with an indifferent gas, 
as nitrogen or carbon dioxide. These phenomena 
are due to the cooling effect of the wick or the 
burner. MS^enever a cold object touches a flame, 
a dividing space, similar to that noticed between 
flame and burner, is observed, the size of which 
is dependent on the coldness of the object or its 
specific heat, and the dilution of the burning 
gas. A thick metallic wire, brought into a flame 
diluted with carbon dioxide, causes a clear space 
around itself, which increases withthe proportion 
of the indifferent gas. The dilating gas lowers the 
temperature of the flame, by diffusing the heat 
needed to maintain a given quantity of the coal- 
gas in a state of combustion throughout a greatly 
increased volume of gas. If the temperature of 
the flame is already low, the further decrease 
resulting from the introduotion of the cold ob¬ 
ject suffices to cool a comparatively large extent 
of gas below the ignition-point, and hence to ex¬ 
tinguish tlie flame in the cooled space. 

Karefaotion of the gases prevents the oen- 
tinuance of combustion by retarding oombi- 
nation, whereby the temperature of the gases 
sinks below that neoesslry to effect union. 
A jet of hydrogen issuing into rarefied air 
gives St first m inoressed size of flame, but it 
ceases to bum when the air is rarefied to |th 
its ordinai 7 pressure, and a mix^eof 2 vole, of 
hydrogen and 1 voL of oxygen is not explosive 
when rarefied to Ath its ordinary density. By 
mixing oxygen with an indifferent ms many 
phenomena of combustion are immediately ar* 
rested, unless some extrinsic agency is at work 
to maintain oravoi raise the temperature. The 
combustion Of iron win in oxygen stops almost 
immediately whM the glowing metal is with* 
drawn into tht air. 


Ob the other hand, instanoes are known In 
which sudden rarefaction will prodQoe wpcBH* 
taneons ignition even at the ordmary tempera¬ 
ture. Thus pure phosphine mixed with oxygen 
is not spontaneously inflammable at ordinary 
temperatures and piessures, but on suddenly 
Expanding the mixture it inflames with explosive 
violenoe. In the •same way tbiophospho^l 
fluoride, if mixed with an indifferent gas and 
thereafter with oxygen, will detonate on a sudden 
diminution of the pressure. These phenomena 
are in all probability connected with the extreme 
instability of these gases, and are akin to the 
oases of decomposition by shock whi(fli have 
been studied by Berthelot and others (v. Ex- 
plosion). • 

It has already been stated that the form of 
a steady continuous flame depends upon the 
mode in which the combustible gas issues into 
the air, this is dependent upon the form 
and size of the jet, or, in the case of a candle, 
of the wick. The size of the flame from gas 
issuing at a constant rate is dependent on the 
temperature, pressure, and relative diffusibilities. 
of combining substances. By increasing 
the amount of oxygen in the air the size of a 
flame may be considerably diminished. This 
fact is well illustrated by plunging a jet of 
hydrogen burning under constant pressure in 
air into oxygen gas. The increased size of the 
flame under ordinary conditions is due to the 
fact that the air contains only one-fifth of its 
volume of oxygen; the * combustible ’ gas has 
to seek, therefore, over a larger area for the 
oxygen required for combination. The size of a 
flame is also necessarily determined by the 
volume of oxygen needed for the complete com¬ 
bustion of the inflammable gas. Thus equal 
volumes of hydrogen and of ethylene passing 
through the same jet and at the same rate into 
oxygen will give flames of very different size: 
the hydrogen, which needs only half its volume 
of oxygen to burn it, forms a much smallei 
flame than the ethylene, which requires three 
times its volume. On the other band, oxygen 
burning in hydrogen gives a larger flame than 
when burning in marsh gas; in the former case 
the oxygen needs 2 veils, of hydrogen for its 
combnstion; in the latter only half a volume of 
marsh gas. 

The temperature of flames is extremely vari¬ 
able. Some, like that of sulphur burning in air, 
are comparatively low; other#furnish us with 
some of the highest temperatures of which we 
have any practical knowledge. The temperature 
of a flame depends mainly upon the heats of 
combination of the constituents and the speoiflo 
heats of the products of combustion. Flames 
which depend upon the presence of oxygen are 
much hotter when the combustion takes place 
in an atmosphere ofethe pure gas than in air. 
In the latter case the oxygen is mixed with four 
times its volume of nitrogen, which pla^w ik 
part in Uie (ffiemteal reaction, and m^efon 
oontributos nothing to the heating effect, but or 
^e eontraiy abstracts a considerable mount o 
haat from the produoto of oombustloB, am 
thereby lowers the temperature of the gfowint 
it gas. Eenoe sulphur burning in o^ygei 
dvet a much hotter flame than when buihln 
in alTi and the oxyhydrogen flame ii mnchlibtte 
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indifferent gu to lowering the tempnigtore M 

well iUnotuted by the following nnmbere gieen 

„ ,, •• *'*" , 
„ oerbonio oxide burning in air liSW" 

„ ‘ oxygen 

The conditions tinder which a flame is produced 
not oiiy modify its temperature, but also, as an 
effect of temperature, ito colour. Thus pre¬ 
vailing tint of sulphur borsing in air is blue, 
and the mantle is comparatively small and of a 
violet eolour. In oxygen the flame becomes 
hotter, and the violet o^our is morepronouno^. 
Precisely the same change is prCduoed by heating 
Uie air or by burning a jet of heated sulphur 
vapour. Cold carbonic oxide gives a blue dame 
in air, but it becomes yellowish-red if the gas 
be previously heated. 

The flame of a candle, whether of wax, tallow, 
or paraffln, is seen to consist of four distinct 
cones, which are comparatively sharply defined, 
and which are render^ evident by their different 
appearance. Immediately surrounding the wick 
is a dark toner cone consisting of unburnt gases 
or vapours distilled from the fatty matter raised 
by the capillary action of the wick from the reser¬ 
voir of melted material at its base. Below the 
inner cone is a light-blue zone of small area 
consisting of combustible matter from the wick, 
whi^ has become mixed with an amount of 
oxygen sufficient to burn it completely to non- 
lominiferous gases. Surrounding the inner cone ! 
is a bright luminous area, from which the greater | 
part of the light emitted by the flame is derived. ! 
This area constitutes the main meeting-place of j 
the combustible gases with the oxygen, and j 
hence chemical combination is here most' 
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ternti son* to tolfl, 

ToUUliMikm of •ftotatoSewpofltTftJ 
lammoai to taMUl, Um 
to b« Mgwlydewloped. Th* /i»m« of oS 
mcaioxiae eonnita of a dark internal cons of 
'unlramf gu anmuDdod b/ a yellowirii-red 
mantle somewhat ill^deffned at its eitemal edge, 
and at the base is a comparative!; large blue’ 

zone. 

Attempts have been made by Hilgard (i, 92, 
129), LahdoU (P. A. 99, 389), Biochmann (.4. 
158,295), and others, to study the nature of the 
chemical process in flames of candles and of 
coal-gas, by aspirating the gases from different 
parts of the flame and analysing them. Such in¬ 
vestigations can only give a very partial concep¬ 
tion of the changes which occur or have occurred 
in the different areas of the flame owing to the 
intense molecular movements, due to the high 
temperature and speoiflo differences of diffusive 
power, of the gaseous constituents. Nevertheless 
it is possible to obtain some idea of the manner 
in which the several combustible gases in such a 
complex mixture as that of coal-gas, or of the 
gas obtained by the distillation of wax or tallow, 
behave towards oxygen, and to trace the rates at 
which they are severally burnt. Thus, broadly 
speaking, it is found that of these gases, the 
hydrogen up to a certain point is most rapidly con¬ 
sumed, then the carbonic oxide, next the marsh 
gas, whiletheheavyhydrocavbons burn compara¬ 
tively slowly. The amounts of these gases burnt, 
andespeciallyof thehydiogon and catbonicoxide, 
are, however, raodifled by processes of dissocia¬ 
tion, and by the mutual action of the products 
of combustion at high temperatures; at very 
high temperatures water vapour and carbon di¬ 
oxide are dissociated, while carbon monoxide 


vigorous. Surrounding the luminous area, which | 
seems to constitute greater portion of the I 


visible flame, is an envelope or mantle of a faint 
yellowish colour and of feeble luminosity; this 
consists of the final products of combustion of 
the constituents of the luminous cone mixed 
with atmospheric air heated to incandescence. 
Owing to the intense glare of the luminous cone 
the feebly luminous mantle is not readily per- 
oaived, but it may be rendered evident by holding 
a piece of card of the shape of the flame in such 
a manner as to hide the luminous cone, when 
the mantle is seen lining the outer edge of 
the cone. The* fact that the candle flame 
M hollow, smd that the internal cone immedi- 
ately surrounding the wick consists of compara¬ 
tively cold unignited gal free from oxygen, may 
be anDcmstrated by tbrnsting a fragment of 
burning pbospborusixlio the cone, when its com- 
bosrion ceases. A piece of stiff thick paper 
thrust down on the flame to the level of the dark 
iatenmi area is seen to be ebarred on the upper 
sorfaee in the form of a ring; if the paper be 
simply across tlu luminous area and 
< above tbs dark cons the obarring is simply a 


aiioalar patch. , 

Ib other steady, continuous flames these 
areas or zones are very different in character 
ywi in number* In some the luminous cone is 
absent, and others have no mantle; all have, of 
•oorse, ih» intsmal cone, and the majority 
bnea an a£ui omretponding to the blue zone in 


is formed by the action of separated carbon upon 
carbon dioxide. The process of breaking up 
the hydrocarbons is one of gradual degradation, 
the higher members of the paraffin series being 
probably resolved into olefines and paraffins of 
lower molecular weight: 

“ CijHjo ft + OpHjp, 

as in the case of butane, which is known to 
be resolved into ethane and ethylene, 
C,H,a==CgHs+C*H 4 . At a sulliciently high 
temperature ethylene is further brokfin up as 
follows: 

2aH4»C,H,+C,H, 

2CX = 2CH4t-2C. 

Oncthe other hand, at high temperatures marsh 
gas is known to form naphthalene C,„H, and 
acetylene; while at still higher temperatures it 
is resolved into carbon and hydrogen. 

The main cause of the luminosity of a omidle- 
fiame, and indeed of all our ordinary illumina- 
ting flames, was first traced by Davy as the out¬ 
come of the ei^riments which led him to the 
invention of the safety lamp. It is, to use hii 
own words, * owing to the decampositum of s 
part of the gas towards the interior of the flame 
where the s& was in smallest quantity, and the 
deposition of solid charcoal, which ^t by iti 
ignition, and afterwards by combustion, in 
creases in a high degree the intensity of th^ 
light' (ZV. 1817,46,77). The proofs that solit 
carbon if present in luminoos hydrocarbon flame 
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1 . CMorins ocuiset an, inoraau ^ th» Utm- 
nosi^ of f6«hly‘ltminovs or non-hminou$ hy- 
drocarhon flames. Since chlorine deoompoBes 
hydrocarbons at a red beat with separation of 
carbon, it follows that the increase in luminosity 
if dae to the production of solid carbon particles, 
f 2 , A rod held in the luminous flame soon be¬ 
comes covered on its lower surf ace,i.e. the surface 
Mposed to the issuit^ gas, with a deposit of soot 
The solid soot is driven against the rod» If the 
eoot existed as vapour within the luminous flame, 
its deposition would be due to a diminution of 
the temperature of the flame, and would, there¬ 
fore, occur on all sides of the rod. 

3. A strongly heated surface also becomes 
covered with a ^^it of soot. This result could 
not occur if the aeposit were due to the cooling 
action of the surface. 

4. The carbon ^rticles in the luminous flame 
are rendered visible when the flame comes in con¬ 
tact with another flame, or with a heated sur¬ 
face. The separated particles are agglomerated 
into larger masses, and the luminous mantle be¬ 
comes filled with a number of glowing points, 
giving a very coarse-grained soot. 

6. The transparency of a luminous flame is 
no greater than that of the approximately equally 
thick stratum of soot which rises from the flame 
of burning turpentine, and which is generally 
allowed to contain solid particles, A flame of 
hydrogen made luminous with solid chromic 
oxide, which is non-volatile, is as transparent as 
the hydrocarbon flame, 

6. Flames which undoubtedly owe their lu¬ 
minosity t<f finely divided solid matter produce 
shadows in sunlight. The only luminous flames 
incapable of producing shadows are those con¬ 
sisting of glowing gases and vapours. 

7. Luminous hydrocarbon flames produce 
strongly marked shadows in sunlight; these 
Jlames, therefore, contain finely divided solid 
matter. This solid matter must be carbon, since 
no other substance capable of remaining solid 
at the temperature of these flames is present 
(Heumann). Moreover, if the soot in luminous 
flames is present as vapour, a high temperature 
alter condensation should again cause it to as¬ 
sume the ffaseous condition, but soot is absolutely 
non-volatile even at the higlicst temperatures. 

The presence of solid matter is, however, not 
the sole cause of the luminosity of a candle or 
hydrocarbon flame, since a small portion of the 
light is derived from the incandescence of Vie 
gaseous matters. Methane, which when burning 
under ordinary conditions gives no deposit of 
soot, still affords a flame o< considerable illumi¬ 
nating power (e<|ual to 6*2 candles according to 
Lewis T. Wright, 0, J, 47,200). Bright flames 
may indeed be produced without the interven¬ 
tion of solid matter. Arsenic b\prns in oxygen 
with a bright flame, although the product of the 
combustion (arsenious oxide) is volatUe at the 
temperature of its formation. A mlxtuM of 
nitrm oxide and carbon disulphide burns with a 
brilliant light although no separation of solid 
matter oocurt. It has already been pointed out 
that substances burning in oxygen give 
hotter flames than when burning in air, and it U 
also found that the flames in oxygen ate mxick 


mote Ittmhioas than thoM> hat 
temperature of a flame ven wIM 

its light-giving power. B.maklandhasV’i’^flt# 
out &e connexion between the lumin^sroiM 
character of flames and the density of their con¬ 
stituents, as is exemplifled by the greater illumi¬ 
nating power of a hydrogen flame in chlorine 
t^n in oxygen. The laminosity of a flame is 
increased by condensing the surrounding atmo¬ 
sphere and diminished by rarefying it. Boyle, in 
1658, minutely described the appearance of a 
candle-flame as seen under diminished pressure 
in the receiver of his * new pneumatical engine.* 

E. Frankland found that candles give much less 
light when burning at the top of Mont Blanc 
than in the vallhy below, although the rate of 
combustion is not much affected by the differ¬ 
ence in the density of the air. The flame of ar¬ 
senic burning in oxygen is greatly diminished in 
brightness by rarefying the oxygon, and the flame 
of an aftohol lamp increases greatly in lumi¬ 
nosity when burning in condensed air. Under a 
pressure of 10 atmospheres the flames of hydro¬ 
gen and of carbon monoxide become very bright 
and give continuous spectra, and an electric 
spark increases in luminosity with the density 
of the gaseous medium through which it passes 
(Frankland, Pr. 16,419). 

Similar observations have been made by 
L. Caillctet {A. Ch. [6] 6, 429), who found that 
the flames of candles, sulphur, potassium, and 
carbon disulphide, but not of phosphorus, burned- 
in gradually compressed air with continually in¬ 
creasing intensity of illumination up to pressures 
of 36 atmos. On the other bend, Wartha {J. pr. 
[2] 14,84) found that the flame of a stearin candle 
burning in air under a pressure of 1*96 at, is 
from 13 to 17'4 p.c. less luminous than when 
burning in air of ordinary density. At the higher 
pressure candles burn with a dull yellowish-red 
smoky flame fully twice as long as that of the 
same candles burning in the open air. Candies 
burning at a constant pressure of 90ipi. give 
a large, clear, non-luminous ^ame, consisting of 
an inner bluish-green cone, surrounded by a 
violet zone, and inclosed by a very faint violet 
mantle. The non-luminosity of flame under low 
pressures was supposed by B. Frankland to be 
due to the increased mobility of the oxygen 
molecules in the rarefied air in consequence of 
which they were able to penetrate more freely 
into the interior of the flame. According to 
Wartha, the dilTerence is to be*attributed to the 
effect of the pressure ou the dissociation-point 
of the burning substance. When candlea are 
burned in air, under vbry high pressure, the 
dissociation of the hydrocarbons takes place 
rapidly than the products can be burned, and the 
flame becomes smoky; under reduced preasore 
Ae reverse is the case. 

Aoomparativelysmall admixture of air 
impairs the illuminating power of coal-g^ 8u- 
limann a. H. Wurtz {Am. S. [2] 48, 40) toand 
that on adding varyiogqusntities of air to h ooal- 
gas having an illuminating vajue of 14*8 candlea 
the loss of light was as follows j 

A.dded»ir PsrcenbagB lowM UgW 

800 p.0. ifW 

4-96 » M-W 
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to uddlog about 35 p.a> ot ^ the tUniainatmg 
oww diminiihed 84 p-o. Vnth snob an admix- 
•ore ooal-M bnnu vltii a smokeless and praoti- 
oally non-lnminonsfiame. 

It hat been sbovn that a ooal-gas flame 
bpming in air becomes non-lnminona by pre- 
TioOB admixtnre with nitiogen, hydroeblorio 
acid, carbon dioxide (Knapp); carbon monoxide, 
hydrogen ffilochmann), or even steam (Sandow). 
P. F. IVansland found that while the illumina¬ 
ting power of ethylene was diminished after a 
certain point by admixture with ordinarily non- 
luminoua combustible gases, the loss of light 
depended on the nature of the diluent, and was 
greatestwith carbonic oxide and least with marsh 
gas. An admixture of the oomliustible gal np to 
40 p.o. hardly aSects the illuminating power of 
the ethylene (C. /. 46,89). Mixtures of oxygen 
with e&ylene in quantity insufficient to form an 
explosive mixture possess a greater illuminating 
power tl^ pure ethylene. By the adUtion of 
carbon dioxide, nitrogen, or aqueous vapour, the 
illuminating power of ethylene is diminished. 
These gases act partly by dilution, and partly by 
cooling; the cooling action is proportional to 
the spe^o heats of the gases, but in the case of 
carbon dioxide and aqueous vapour it is aug¬ 
mented by the absorption of heat which takes 
place in toe dissociation of the aqueous vapour, 
and in the reduction of the carbon dioxide to 
carbon monoxide (P. F. Frankland, C. J. 45, 
236). 

Wibel has shown that a mixture of coal-gas 
and air, which when bnmt under ordinary con¬ 
ditions is non-lnminons, may be made to give a 
luminons flame if it is heated previous to inflam¬ 
mation (S. 8, 326); andHeumann (d. 181,129; 
182,1; 183,102; 184, 206) has proved that the 
Inminoeity is actually due to the added heat, and 
not to any alteration in the composition of the 
gaseous mixture in consequence of the heating. 

These obaervationB have animportant bearing 
on the theory of the flame of the Bunsen lamp. 
The nature of theohemioalchanges in this flame 
has been studied by Blochmann {A. 168,295). 
The fe^y Inminosiiy of the Bunsen flame is 
due (1) to a rapid oxidation of luminiferous ma¬ 
terial to gases of feebly illuminating power by 
the oxygen in the admixed air; (2) to the pre- 
senoa of diluting gases which of themselves re¬ 
duce the illuminating power; and (3) to the heat 
withdrawn by the indifferent gases, as nitrogen, 
and the pio&stseof combustion, carbon dioxide 
and WatMT. The loss of luminosity is not due to 
any one ot these causes acting singly. A flame 
of mixed ooal-gas and adr has a higher tempera¬ 
ture than that of the undiluted coal-gas, but it 
requires a still higher temperature in ordier that 
a sepucation of carbon shall occur. 

When the flame of a Bunsen lamp retrealb 
down tile tabs and boms abthe jet at the bottom 
a much smaller quantity air passes into the 
tabs. Under normal conditions 1 vol. of the 
gas beeomM mixed with about 2^ vols. of air; 
srtHD burning at the bottom the gas becomes 
mixed with <wy about 1} Tols. ot air. The effect 
of tbia diminimsd amount of air is a large in- 
sniae in the amount (rf carbon monoxide, to¬ 
gether wibb the ptodootioa of qotabla quantities 
of aeetylsne, to iriiieb substanM tho extremely 
disagreeable nature of the gases , sMltsd feom 


the burner under these ciroumstaigies Is dbsv 
(Compare Thorpe ‘ On tho Theory of the Bunsen 
Lamp,’ C. J. 1877.1, 627.) T. E. T 

ElAVAHIUHS U 

,OMo:CH 

o. h/ I 

^N-0.0^(NHj)[l:4]. s-Amido.{Py.i)- 
phiinyl-{Py.l).methyl-fuinolme. [97“]. , 

Ponmlion. —1. By heating equal mols. of 
ortho- and para-amidoacetophenone with an equal 
weight of zinc-dust at 60'’-100‘’; tho yield is 50 

p. o.—2. By nitration and reduction of flavoline. 

8. By heating o - amido - acetophenone to 230” 
with ZnCl,—4. By the action of acetyl chloride 
on aniline sulphate. 

PreporotioB.—By heating acetanilide with 
ZnCB for several hours at 260°-270'’, the melt • 
is dissolved in boiling dilute HCl, sodium ace¬ 
tate added, and the product salted out (0. Fischer 
a.Budolph, B. 15,1500). 

Theory of formation tram acetanilide. At 
the temperature employed the acetanilide under, 
goes isomeric change, being converted into s' 
mixture of o- andp-amido-acetophenone, and the 
latter (as shown in formation 1) gives the dye¬ 
stuff by the elimination of 2HjO bom two mols. 
by means of the ZnCl, : 

X(Me):OH;^OH 
CA< . I 

^Njg, .O iC-C,H.(NHJ (Besthom a. 

0. Fischer, B. 16, 68). 

Constitution. —Contrary to the earlier sup¬ 
position, flavaniline has the NH, group in the 
para- position not in the ortiw-. The fact that a 
small quantity of tho dyestuff is formed by heat¬ 
ing orfho-amido-acetophenone with ZhCl, at 250° 
must be due to an isomeric ohange of a por¬ 
tion of the o-amido-acetophenone intop-anudo- ' 
acetophenone. 

Properties .—^Long colourless needles. Dis¬ 
tils undecomposed at a high temperature. Sol. 
alcohol, insol. water. Strong di-acid base. The 
salts form a splendid yellow dyestuff of green 
fluorescence. By the action of nitrous acid it 
yieide flavenol. 

Salta.—B"H.Cl 2 : colourless soluble needles. 

—B"HC1: yellowish-red soluble prisms. — 
B''Hj01jPtCl,: sparingly soluble crystalline pp. 

Beaotums. —It cannot be reduced to % hydride 
by tin and HCl; bnt on treatment with alcohol 
and sodium it yields a fluid base, the salts of 
which are colourless, and forms a crystalline 
nitrosamine. Heated with glycerin, nitrobenzene 
anS HjSO, it yields a metbyl-diquinolins [138°] 
(0. Fischer, B. 19,1086). 

Beference.—Ethyl;flaoaniUnt. 

Fieudo-flaTanUin Ct. 

.CH;CH 

0A< I 

^ N~0.WMe(NH,) [1:8:4]. Amido-lolyU 
quinoUnt. [112^. 

Preparation. — By leading oxygen over a 
mixture of quinoline and o-iolnlmne hydro¬ 
chloride heated to 180° on platinised asbestos 
(Weidel a. Bamberger, Jf. 9, 9ffi. 

Pttipertfis,—Flexible, hair-Uke needles (bom 
watei). OonvertadbyEHOiintopsaudo-flavtoiol 
wbidh on farther oxidation glvit 
q o i n a l d in ie acid 0„H,N0p 
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: long needlM.-B"B01: 
mull yellow monoeunio ne^es.—B''HJPtCll,. 

Jettul dtrivativt 0,J,jAoN_ [177°]. 

PUTteBSA0SirB.DI.BT7I.FH0Bl0 ACID 

V. AKTHlUOBNS.Dl-StItPBO!na AGIO (flOv ). 

FAAVEKOL 0,A.N0 i.«. 

yOUe:OB 
C.H/ I 

— O.OgHgOH [1:4]. [288®]. Formed 
bj the aotion of nitrous acid on fiavaniline. 
Sublimable. Oolonrless iridescent plat^. SoL 
alcohol and aqueous NaOH. Has both phenolic 
and basic properties. 

BeacHom.—On distillation with zino-dust it 
gives flavoline. With acetic anhydride it forms 
A substance crystallising in neqdles [128®], which 
distils undecomposed (0. Fischer a. Budolph, B, 
18,1502). On oxidation with alkaline EMnO« 
It is converted successively into Iepidine>oar- 
bozylic acid, picoline-tri-oarbozylic acid, and 
hoally pyridine-tetra carboxylic acid (0. Fischer 
a. Tauber, H. 17, 2925). 

Salts.—°B'H 01 ’': long colourless soluble 
needles. — B'J3,S0/ : colourless needles. — 
B'^CljPtCl/: yellow sparingly soluble needles. 

Acetyl derivative C, 0 H|,N(OAo): long 
needles or small plates [128®] (Besthom a. 
0. Fischer. B. 16. 6 ^. 

Fsendo-davenol C,gH),NO t.s. 

XH:CH 

CgH/ ! 

\N«O.CgH,Me.OH [196®]. 

Pr^ratio ^—From pseudo-flavaniline by the 
action of nitrous acid ; ozy-pseudo-flavenol [89®] 
and nitro-pseudo-flavenol are also formed. It is 
separated ^om these by shaking with ether, 
which extracts the oxy> compound, and then 
ppg. the impure pseudo'davenol by CO^. Crys^ 
' tallised from absolute alcohol. 

Propertie*. —Plates. Sol. hot alcohol, ether, 
benzene, and chloroform. Oxidiaed by CrO, to 
quinoline (Py. 3)<oarboxylio acid [157®]. It is 
reduced by zino-dust to the base pseudo• 
flavoUne 0 ,gHiiN. ortho-oresol, and quinoline. 
Tin and HCl convert it into a tetrahydro-com- 
pound, which, when fused with potash, is oxi¬ 
dised to a-oxy-iso-phthalio, p-oxy-benzoio, and 
salicylic acids (Weidel a. Bamberger, M. 9,99). 

Salts.—B'HG12aq: pale yellow needles.— 
(B'HCl) 2 plCl 4 : yellow crystalline powder. 

Aoetyl derivative Ot,H, 2 NOAo: [106®]; 
plates. 

Kitro-psendo-davenol 0 , 4 H„(N 0 JN 0 . [160°]. 

FLAVIKE V, Dz-AlCXnO-BSNZOPHBNONK. 

FLATOlBIKE. A name proposed by Melddla 
( 0 . AT. 60, 267) to denote azo- bases of the form 
isomeri^ with the ohryso- 

idlnes. 

FEATOL V. Dx-OXT'ANTH&iOENX. 

FZJLVOIIKB 9. (Py.3:l).PEitrTL-iaTHn<- 

QUINOLZMB. 

FIiATOFUBFITBIH 9* TIn-oZT-AZiTERi- 

QUINOKB. 

FLAYOaBUrOZIKE v. (l^* 

(Py. 8 : B.^-nzQoxxtOLZHS. 

FIirATXIi n. Gum PXBCBi. 

FIU 0 -. Ue$ of this prefix applied to inor- 
ganjc eompounde : for fiuo-saltt v, the salts to 
theSamo of which nuo- is prefixed. Thos, 
fiwhstiobatesi fiuo-tiUoatety and fim-iiannaUt 
wiU be desorioed under KxosatsSi Siuotns, 


and STAnfXTBs. and these salts will be found 
under the general headings Nzobiux, Siuooh, 
andTxw. M.M. P.M. 

FLTJO-BSEZENE v. Fbuobo-benzxns. 
mrOBEEZOIO Aoi^ v. Fluobobbnzozo igzz». 
FLFOBOEIC ACH) and FLBOBOKATBS 
HAO^-CHF and M3,0g.6HF (u. vol. i. p. 580). 
FLT70BAKILINS v. Fluobo-abcusi* 
FltrOBANTEEITE is. 


H 

/0\ 

EG ca 



(Fittig a. Liepmann, B. 12,164). Idryl, [110®]. 
(261® at 60 mm.). V.D. 6*64 (calc. 6-67). 

Occurrence.—In coal-tar (Fittig a. Gobhard, 
A. 193,142). Found also to the extent of 3 p.o. 
amongst the solid hydrocarbons obtained in 
Idria in distilling mercury from its ore (Gold- 
schmiedt a. Schmidt, M. 2,1), and in American 
petroleum (Prunier, BL [2] 81,293). 

Preparation.—CrndQ pyrene from coal-tar is 
converted into the picric acid compound by treat¬ 
ment with an alcoholic solution of picric acid. 
The picric acid compound of fluoranthene is 
more soluble in alooboi than that of pyrene. 
The hydrocarbon is liberated from this com¬ 
pound by NH„ and is recrystallised from alco¬ 
hol. Fluoranthene may also be separated from 
pyrene by fractional distillation under 60 mm. 
pressure when pyrene boils 10® higher (Fittig a. 
Liepmann. A. 200,1). 

Properties. — Large ooleurless monoclinio 
plates (from dilute alcohol) a:6:e * 1*495:1:1*025; 
S»82®50'; or thin needles (from alcohol). SI. 
sol. cold, V. sol. hot, alcohol; v. sol. ether, OS^, 
and HOAo. Warm cone. HXOg dissolves it. 
forming a blue solution. Its piorio acid 
compound G.jH„0,H2(N0J,0H [183®] forms 
long reddish-yellow needles, which may be re- 
crystallised from alcohol without decomposition. 

Tri-chloro-fluoranthene 0*^11.01,. [above 

300®]. Needles (Goldschmiedt, M. 1,222). 

Bi-bromo-fiuoranthene G„H^r^ [205®]. 
From fluoranthene in uS^ and Br (F. a. G.). 
Light-yellow needles (from CS*). 

Tri-bromo-fluoranthene CnH,Br,. From 
%ioranihene in EOAc and Br. Neemes. Does 
not melt below 846® (G.). 

Trl-nltro*flaorantj»ne C, 5 H,(NOj),. gbove 
800®]. From fluoranthene and fuming HNO|. 
Minute yellow needles. Insol. ordinary sofvents, 
Mi. hot HNO,. * 

Fluoranthene dihydride [ 76 ®]. From 
flnorantWe by treatment of itsaloohoUesolutiM 
with sodium amalgam, or by heating with HIAa 
and red phosphorus at 1^® (Gold8chlBiedt)t 
Needles (from alcohol). It^iorie aeid^6Uii« 
pound b„B„OA(NO,).oa [ 186 °] 
iratt aloobm in red needles. ^ 
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nuomthm Mtdliydridt 0,tH,r (811**). 
From flnorantbeno, HTAq, »nd red pnoephorus 

FlttonatAene diinlphonio acid OuH,(SO,H)r 
From fluoranthene (1 pi) and H ^04 (3 pt8.J at 
100*’ (G.). Unstable syrup. Potash'fusion gives 
crysU^ine 0|,H|,0|[246°j.—sq.-'CaA"4sq. 

-BaA'^S^aq: m. sol. vat&.—OdA" 2^aq. On 
distilling the K salt vith KOy and fusing the 
product with EOH there is formed the oarboxylio 
add OjACOaH [166®]. 

Fluoranthene • qoinone [189®]. 

Formed, together with a large proportion of di> 

CO 

by oxidising fluoranthene with chromic acid 
mixture (F. a. L.). After removing the acid by 
aqueous KajCOj alcohol extracts the orystalline 
compound C,jH,O,(O„H,j),C102®]whenqe aqueous 
KaHSO, extracts the quinone. On addition of 
HCl to the solution in NaHSO, there are ppd. 
nearly colourless needles, apparently consisting 
of the hydroquinone; these are converted in 
great part into the quinone during reorystallisa* 
tion from alcohol, or more quickly by oxidation 
with FeCl,. Small red needles (from alcohol); 
m. sol. aieohoi and HOAo. 


phenylene ketone carboxylic acid | ^ 


FIUOEEVB 0, 


C 4 H 4 V 

I (a).Di. 

CjH/ 


phmuJene’fnethane. Mol. w. 166. [113®]. ( 0 . 
802®) (A.)-* (296® i V.) (P. a. S.). V.D. o77 
(oalo. 6*78). 

Occurrence.—Jn the portion of coal-tar boil¬ 
ing between 300® and 400® (Berthelot, A. Ch. [4] 
12,222; Barbier, A. Oh. [6] 7, 472). 

FormaHcn. —1. From diphenylene ketone by 
disUUingwith zino-dast (Fittig,B.6,167; Fittig 
a. Solumte, A. 193, 134) or by heating with 
HIAqand amorpbousphosphorusat 160® (Graebe, 
B. 7, 1625).—2. By passing diphenyl-methane 
Uirough r^-hot tubes (Graebe, A. 174, 194).— 
8. From diphenyl aud CH^Cl, under the influence 
of AlCl, (Adam, Bl [2] 47,686).-4. By disUlling 
the di-earboxyUo acid with l^e (Bamberger a. 
H<^er, B. 18, 1036).—5. By distilling pheuan- 
thraquinone with lime (Anscbfltz a. Schultz, A. 
196, 44).—6. By heating ellagic acid with zinc- 
dust in a current of bydn^en (Barth a. Gold- 
lebmiedt, B. 11, 846). 

Pn^araUcfn.—Bj fractionally distilling the 
hydroMrbons oolrtained in coal-tar about 20 
litres of a p<^on boiling from 300® to 320® is 
collected; this is soHdifled by cold, pressed, and 
re^tiUed ; a fraction z90® to 310® (10 litres) 
is then obtained by distillation. After one more 
distillation the fraction 296® to 306® is recrys- 
tallised sneoessively tiom alcohol-benzene, alcq- 
bol, $3ad HOAc (Barbier). Still further purifica¬ 
tion may be effected by m8ans of the picric acid 


I.—Terr small white plates (by 
: subUmqtion) exhibiting, lAien not perfect^ 
pure, violet fluorescence. If reorystalUsed 
seTMal times from alcohol and then from glacial 
acetic acdd it it nc^bnger fluorescent (Hodgkin- 
B<m a. Matthews, 0. /. 48,168). T. sol. ether, 
benzene, CS*, and hot aloohol, si. sol cold 

J2sao/<Mi|^l» Boiling wiQi CkOy in HOAo 


forms diphenylene ketone, but fio ^quinctte.-^ 
2. Potaeh-fusion gives di-ozy-dipheny![98®] and 
other products.— 8 . When its vapour is passed 
over heated lead oxide there are formed two hy¬ 
drocarbons, and OmH,,. The latter forms 
red trimetric crystals (from HOAo) [183®] (above 
360®); gives an unstable picric acid compound 
[178®]; and is reduced in alcoholic solution b| 
sodium-amalgam to colourless G^bH,, [242®] (De 
la Harpe a. Van Dorp, B. 8,1049). The hydro¬ 
carbon C ^,4 forms long yellow needles (from 
benzend-alcohol) [270®].—4. When fluorene is 
passed over red-hot MnO, a red mass is obtained, 
and if this be freed from fluorene by heatingsonie- 
what above 300® and from the red body by washing 
with ether, there is left tlie hydrocarbon Gs^H,, 
[246®] termed ‘ pm-dilluoryl.’ It forms long 
thin prisms, v. si. sol. cold ether, m. sol. hot 
HOAo. It decomposes above 260®. It forms a 
tetra-bromo- derivative [302®], and is oxidised by 
CrOj in HOAo to G-^H^O, [266®]. Two other 
hydrocarbons, appear to accompany the 

one described [246®] in the red mass (Hodgkin- 
son, C. J. Proc. 1,36).—5. Cone. HIAq (40pta.) 
at 275® forms CoHjg (240®), hexane and heptane 
being also formed according to Berthelot {A. Ch. 
[ 6 ] 7, 610).—6. On adding the calculated quan¬ 
tity of bromine dissolved in CSj to a solution of 
fluorene in CS, dibromo-fluorone CnHgBr, [167®] 
is formed. It crystallises from CS, in mono¬ 
clinic forms. By treatment with more Br in the 
I cold there is produced the tri-bromo-fluorena 
C„H,Br, [162®] {v. 1)i-bbomo-fldoiikne). Brom¬ 
ine vapour passed into a cold solution of fluorene 
in GS^ forms light-yellow needles of 
which is quickly converted by alcoholic KOH 
into di-bromo-fluorene. By the simultaneous 
action of bromine and EOH on fluorene there is 
formed a bromo-fluorene [104®] (Hodgkinson, 
C. J. Proc. 1, 36).—7. Chlorine passed into a 
solution of fluorene in GS, forms C^HgCl, [118°J 
and CjjHjCl, [147®] (r. Di-CHLOBo-rLUORZNE).— 
8 . A mixture of fuming nitric acid and HOAc forms 
nitro-fluorene C„Hg(NO^) [154®] and di-nitro- 
fiuorene C,sHg(NO ;)2 [201®] (v. NiTiio-rLCOBENE). 
The former may be reduced by tin and HCl to 
p-amido-fluorene [125®], which crystallises in 
needles and forms an acetyl derivative [188®] 
(Strasburger, B. 17, 108). Di-amido-fluorene 
C,sH,(NH ,)2 [157®] is obtained by ditatilling di- 
amido-diphenic acid with lime; its acetyl deriva¬ 
tive [250®] crystallises in leaflets (Schultz, A. 
203,99).— 9 . Treated with phenyl-acetic chloride 
and AlCl, it gives the ketone 0 , 3 H,.CO.CHj.O,H, 
[196®] which orystaliises in small tables, ri. sol 
cold aloohol and ether (Papeke, B. 21, 1341). 
This ketone is converted V benzyl chloride and 
NaOEt into 0 ,A^O.CHPh.OH 2 Cj,H, [160®] 
which crysttfllises from aloohol in slender 
needles. 

Picric acid compound 
C„H„CA(N(y,OH. [82®]. Obtained byadding 
picric acid to an ethereal solution of the hydro¬ 
carbon. Beddish-brown prisms. Decomposed 
by boiling with water or alcohol 

Picryl chloride compound 
C,,H„Oja,(NO*),Ol [70®]. Orange needles 
(Liebermann a. Palm, B. 8,377). 

Flaorene ralphonie acid "Gj^BO|H. from 
fluorene in OH^ and ClSO,H (Ho^kinson a. 
Mattbewi, C« 48, 166). Gummy. ?, eeli 
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Eaaed with EOB at a Uttle above 400° 
It totmi two tri-oxy-dipbenylg ( 3 .«.), tor not 
only ia SOtH liiiplaoed by OH bnt CH, is dis¬ 
placed by 2 {OH). 

Salts.—EA': minute subes.—BaA',2aq. 
_CdA', 6 aq. 

Isomerlde of flnorene, — Di ■ rmsNVLEHE- 

HSTBINB. 

* FLOOBEHE ALCOHOL v. Di-ibxntuinb 
CSBBINO n. 

rLOOBEmS OABBOXYLIC ACB) 

CH,<f I Pluormte acid. 

\C.H^CO,H [3:2:1]. 

1246°]. Formed by reducing diphenylene ketone 
carboxylic acid with sodium-amalgam (Fittig a. 
Liepmann, A. 200, 13). Small crystals (from 
alcohol). May be sublimed. SI. sol. boiling 
water, v. sol. hot alcohol. Gives fluorene when 
distilled with lime. Alkaline permanganate 
oxidises it to diphenylene ketone carboxylic 
acid. 

Salts.—BaA',3aq: glittering scales, si. sol. 
water.—CsA'j21aq: hard white needles. 

ethyl ether EtA'. [64°]. Colourless 
prisms, v, sol. hot alcohol. _ 

Fluorene earioxylic acid 
.C.H, 

CH,< I 

NC^..CO,H [2:3:1]. [175°]. From diphenyl 
o carboxylio acid by successive treatment with 
PCI,, alcohol, and zinc and HOAc (Graebe a. 
Aubin, A. 247,257). V. sol. alcohol, ether, and 
HOAo. 

Methyl ether Mek', [64°]. 
Fluorene-di-oarboxylio acid 0|,H,(C0,n),. 
Formed b/ reduction of diphenylene-ketone-di- 
oarboxylio acid with sodium-amalgam in the 
cold, si. sol. alcohol, ether, and HOAc. On dis¬ 
tillation with lime it gives fluorene (Bamberger 
a. Hooker, B. 18,1036: A. 229,161).—Ag,A". 
FUJOBESCEIC ACID 0„n„0, ».«. 

co,ao.H..c(OH) 

may be looked upon as the anhydride of this acid; 
but the acid itself is not known in the free state. 
Its tetra-bromo- derivative C^HijBr.O, ia a red¬ 
dish-yellow pp., obtained by acidifying the pro¬ 
duct of the action of cone, aqueous KOH upon 
eosin. It# di-nitro- derivative is obtained in like 
manner from di-nitro-fluorescein, and forms red 
crystals (horn alcohol). 

FLDOKESCEIH C„H„0. ix. 

dridi of tetra-oxy-di-phenyl-phthalide. Anhy¬ 
dride of Utra-oxy-tri’phenylcarbinol carboxylic 
acid. Mol.w»832. Foraftd by heating phthalio 
anhydride (5 pte.) with resorcin (7 pts.) at 200®, 
until the mass gets viscid; the product is boiled 
with water, washed with alcohol, dissolved in 
aqueous alkali, and ppd. as a yq^ow powder by 
asabid (Baeyer, B. 4, 668 ; A. 183,1). Accord¬ 
ing to Muihauser (D. P* J- 263,49) phthaUo an- 
hydride (17i kilos.) is added with stirring to 
melted resorcin (26 kilos.}, and after heating for 
11 hours at 180® the reaction begiM, and lasts 
for 40 minutes. Resorcin and di-ox^-tolnene 
OA(OH),Me[l:8:4] give with phth^o *nhy. 
drldc fluorescent derlvstives, while oroin, 
0,Bt(0B)^c[l:8;5] docs not. Hence, to form k 


fluorescent body the phthalio aoid residue must 
probably go into the position 5. 

PrOBCfTWee.—Dark-red prisms (from aloohol). 

81. sol. not water, more sol. dilute acids. When 
freshly ppd. it is v. sol. alcohol and ether, but 
in the crystallised state it dissolves only on boil¬ 
ing. V. sol. hot HOAo, nearly insol. benzene 
and cliloroform. 'Kie ethereal solution is pale- 
yellow, and not fluorescent; the alcoholio solu¬ 
tion exhibits green fluorescence. Fluorescein 
dissolves readily in aqueous alkalis, the solution 
exhibiting when dilute a splendid yellowisb- 
gieen fluorescence. It also dissolves in alkaline 
carbonates, baryta, and lime-water. Fluorescein 
begins to decompose at 290®. It dyes silk and 
wool yellow; bUl it has little tinctorial value, 
although it is the starting-point for the eosin 
colouring matters, which are derived from it by 
displacement of hydrogen by Br, I, NOp <Sro. 
On adding alcoholic to an ethereal solution 
of fluorescein a reddish-yellow pp. is formed, 
which, however, loses NH, on drying. 

Reactions.—l. Boiling with aqueomi NaOH 
and zinc-dust decolourises it. On adding an acid 
and shaking with ether fluoresoin 03 ^, 40 ^, or 

CO,H.C.H,.CH<g*gjQgj>0, iz disBolvcd; on 

evaporation it is left as a varnish. Its alkaline 
solution is readily reoxidised to fluorescein.— 

2. Fusion with caustio NaOH forms resorcin and 
the acid CjiH^Oj or C 02 H.C,H 4 .CO.O^,(OH), 
[ 200 ®], which on further fusion splits up intp 
CO 3 , resorcin, and benzoic acid.—- 8 . Cone. H ^04 
forms a compound CjoHuOsSO, [140®-1W®}, 
which is resolved by warm water into its compo¬ 
nents.—4. Boiling with H 2 SO 4 for some time 
forms resorcin-ccerulin, which is ppd. by water 
in dark-red flakes, and dissolves in alkalis, form¬ 
ing a greenish-blue solution.— 6 . Btominey in 
HOAc, forms di-bromo-fluorescein CjpHjjBfjO, 
[260®-270®] and eosin 0 , 4 HgBr 404 .— 6 . Aqueous 
NH, when heated with it for 8 hoars forms thick 
orange monoolinic prisms and tables of 
Ca,Hi,N,Oj which is a direotVellow dye for wool. 

It is probably C(NH)<®^;>C<°;g;|S|j>0 

(B. Meyer a. Oppelt, B. 21, 3376). 

Metallic derivatives CaOa^„0,4aq. 
Obtained by boiling fluorescein with water 
and CaCO, (Schreder, B. 11, 1342). Slender 
reddish-brown needles with green Instre.— 
BaC-,H„0,9aq: crimson platts. 

Acetyl derivative CjoH^AOjO,. [200 ]. 
Needles (from aleohol-aeetio acid). 81. ikh. aloo¬ 
hol, V. sol. HOAc, inscll. ether, benzene, and 
chloroform. 

Bentoyl derivative C,oH,^z,0,. [215®]. 
Crystals (from acetone) j si. sol. aloohol and ether. 

* Ethyl derivative CjoHnEtO*. [166°]. 
From fluorescein, K®H, and alcoholio HlBr at 
120°. Pale-yellow needles (from ether): v. ioL 
aloohol, chloroform, and benzene; insol.dilute 
alkalis. s • 

Di-ethyl derivative 0„H,^t,0,. Npt 
formed by the action of BtBr on potaminni 
fluorescein, but sparingly formed by the aofion qf 
Btl on the silver derivative.* Pale-y«ltow,pl«ttti 
(trom aloohol); si. sol. ether and aleobf; 0 » 
alcoholio solution shows a vivid yaUow flntwes- 
oenoe. Not dissolved by dilate al^iii, 
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op into aioohol nnj flooreseoln by oonc. EOHAq 
01 H,SO,. 

Obioi’tiii 0„H,,0,^ [368°]. Fiom flnoT- 
(I mol.) and PO, (2 moll.) at 100". 
Priflins (from tolaeno.aloohol). V. sol. hot boni. 
eno and iolnono, si. soL alcohol and ether. Not 
aSeoted by aqueous or aloohoUo KOH, but do 
strayed by potash-fnsion. < Water and slaked 
lime at 880" reconvert it into fluorescein. Be* 
duced in alcoholic solntlon by NaOH and zinc- 
dust to 0^„C1,0, [386°]. Sol. alcohol, benzene, 
ether, and acetone (Drewsen, A. 818,851). Fnm. 
ing HIAq at 160° gives which crystal¬ 

lises from alcohol in plates [830°]. Sol. dilute, 
but insol. oonc., KOHAq. 

ite/ere«MS.— Di-beomo-, Df-BBOMO-M-KITBO., 
CmoBo-, Di-ohiobo-tbtki-iodo-, and smto-ruj- 

OXESOBIN. 

Homofluoresectn (so-called) OnH„0,. Pre¬ 
pared by the action of chloroform and NaOH 
on orcin (Sehwarz, B. 13, 643). Bed.vmetallic- 
green needles or plates. SI. sol. water, alcohol, 
and cold acetic acid, insol. ether, benzene, and 
ligroln. Its dilute alkaline solutions have a 
strong green fluorescence. It is a weak dibasic 
acid. The sodium salt forms flne yellowish-red 
needles, soL water; the barium salt red needles 
or scales, and the silver salt a dark-red powder. 
Its substitation-products dye wool and silk vari¬ 
ous shades of yellow and red. 

Tetra-acetyl derivative 
CgH„0(OAo), 2H,0 ? Amorphous powder or 
htownish-yellow pistes. Insol. water, sol. alcohol. 

Tetra-bromo-homo-fluoreecein 
OpH,3riOp Brown leaflets. Sol. alcohol.— 
Na0^j3r,0,4aq; microscopic red needles, sol. 
NaOHi^. 

Tri-iodo-homofluoreeeein 0„H„I,0,. 
Microscopic red crystals.—Na0aH„0,1,. Bed 
microscopic needles, sol. hot water and dilute 
alcohol, insol. NaOHAq. 

Hesea-nitro-oxy ■ homofluoreeeetn 
'Cj.H.^OJ.O.aq. Beddish-yellow leaflets. 
Formed by nitrati^on of bomofluorescein. By 
boiling with aqueona NH, it forms the acid 
0^„N,0,„ and byr the action of KCN the acid 
Thenitrate is a yellowish-red crys- 
tuline powder, explodes at 180°, sol. alcohol.— 
A'NaandA'Ag. Small red leaflets. 

Bexa-amido-oxy-homofluoreicein 
OaH,,(NEJ,Op Colourless microscopic crystals. 
PtodnM 1^ reduction of the hexa-nitro- com¬ 
pound. • 

Sexa-Hitro-h<mtfiuore$eetn-eyamie 
acid 0aHuN,0„ sq. Crystalline powder. 
Bparingly sol. wpter aod alcohol. Formed by 
the action of KON on the hexa-nitro- componndL 
—A'’Xp Fins yellow solubla needles. 

Compound 0«H„N,0,p Beddish-yelloir 
powder. Formed by boiling the nitrate of the 
hexa-nitro- oompoond with aqueous NH,. 

—A''(NHJ- Beddish-yellow scales or small 
ydlow needles (Schwarz, B. 18,543). 

nVOSXSCQ* OABBOfTUO AOIS 

'■WA 0. 

Fiapated by heating tssorain with trimslUtie 
anhydride (Sohrete, B, U, IMO). Yellm 
amc^hous ^wd«r; t. sL toh zratst and HOAo, 
r. Ml itieobpl, sthar, and bsnzena. Xhs metal¬ 


lic derivatives Ba,A"’, and Oa,A% ats'red 
phous powders. 

Aeelyl derivative 0,,H,,Ae,0,; yelloi 
flocculi. 

Di-bromo- derivative 0j,H„Br,0,: re 

needles. 

Tetra-bromo- derivative C„H,Br,0, 
red amorphous powder.—K,0„H,Br,0,. 

FIFOBESOKlH-SinPHOKIO ACID 
0,(80,^. Beddish-yellow needles o 
prisms. Easily soluble in alcohol and hot watei 
less readily in cold water, insoluble in ether. It 
Bqueons solution is yellow, with a slight fluores 
oence; the alkaline solution possesses a powerfu 
green fluoroscence. Obtained by beating (8)-buI 
phophthalio acid with resorcin.-A"'.0a,. Be( 
solid, very solubW in alcohol (Graebe, B. 18 
1189). 

FIDOEHTDBIC ACID. HF. IBydrofluori 
add. Hydrogen fluoride.) Mol. w. 20. [-92-8° 
(Olszewsld, M. 7, 871). (19-44°) (Gore, Pr. 17 
256). S.G. }f-^ -9879 (Gore, I.c.). V.D. c. 10 a 
100° (Gore, Fr. 1869.173); 19-6 at 30-6° (Mallet 
Am. 3,189); 25-6 at 26-4°, 10-3 at 88-8° (Xhorpi 
a. Hambly, 0. /. Tram. 1888. 766; 1889. 163) 
Vapour pressure at 16° - 394 mm. (Gore). 

Schwankhardt observed in 1670 that glasi 
could be etched by fluorspar and sulphuric acid 
Soheele, in 1771, recognised that this etohinf 
was due to the formation of an acid from th( 
fluorspar; Wenzel prepared the acid fairly pure 
Gay-Lussac and Thdnard, in 1810, examined itf 
properties; and Ampdre suggested that the acic 
was not an oxygon compound. Gore, in 1868 
obtained the pure acid. 

Formation. —1. By deoomposirig oalciun 
fluoride (fluorspar) by sulphuric acid.—2. By 
heating acid potassium fluoride, KHF ,.—8. By 
the reaction of dry H,S with PbFp—4. By heat 
ing AgF in a stream of H. 

Preparation.—!. 200 grams dry KHF, ar< 
heated in a Pt retort so long as moisture comet 
off; the neck of the retort is then connected with 
a small condenser made of Pt, the joint bein^ 
made tight by molten sulphur; this condensei 
is fllled with a freezing mixture, more of which 
can be supplied by a specially arranged oharginp 
apparatus; the condenser ends in a small Pi 
flask, from the neck of which a long Pt lube 
passes upwards. On continued beatingAhe KHF, 
is decomposed to EF + HF; the HF is condensed 
and received in the Pt flask; the air in the ap. 
paratus escapes through the Pt tube, the length 
of which prevents the entrance of moisture. The 
figuresbows the arrangement.—3, Approximately 



pun liquid HF may b« prepared by gently heal 
ug a mixture of pure cone. ^0, mth so much 
pewdered CaF, (me from lilloa) tiiai the whole 
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' liquid, in a Pt retort oonneoted 

irtili a Pt flMk or y tube surroncdad bj a 
freezing —B. An aqueoas eolntion of 

HF ii prepared by beating together powdered 
OaF| and oono. H,S 04 in a leaden ntort, and 
leading t^e gas into water in a veseel of Pt or Fb 
kept cold by ioe (for description of the apparatus 
V. BriegUeb, A, 111, 880). Commeroial HFAq 
^may be purified by passing H^S into it, adding 
enough KjCO, to saturate the HjS 04 and HjSiFg 
present, decanting from the pp., removing H ^8 
by AgCO„ filtering and distilling froir^ a retort 
of Pb or Pt (Gore, lx.). The aqueous acid is 
kept in bottles made of gutta percha. 

Properties.—A colourless, verj; mobile liquid, 
which fumes in the air and absorbs water very 
rapidly. Burns and inflames if let fall on the 
skin. The vapour is very irritating and very 
poisonous. The anhydrous acid should be kept 
tn Pt flasks with tight-fitting Pt caps covered 
with paraffin. Solidifies at -102-6° and lique¬ 
fies again at -92-3° (Olszewski, M. 7, 371). A 
oono. aqueous solution of HB' is a oolourless, 
strongly acid liquid, which fumes in the air; 
when distilled at 760 mm. HF is evolved and a 
liquid remains, containing 86-88 p.c. HF; when 
this aoid is kept in contact with chalk for a little 
the liquid then contains 32-5-82*7 p.c. HF; when 
dilate HFAq is distilled at 760 mm. water is 
evolved until the liquid contains 32-2-32-4 p.c. 
HF, when the composition remains constant 
mosooe, C. J. 18,162). S.G. of HFAq 86-9 p.c. 
HF=al*i 6 ; S.G. of most cono. HFAq = 1-06. 
Binean regarded the acid of 85-9 p.o. as a hydrate 
HF. 2 H 3 O, but Boscoe’s observations, which show 
that composition varies with pressure, render 
the existogoe of a definite hydrate improbable. 
When HFAq is neutralised by soda much heat 
is produced; [HFAq,NaOHAq] =* 16,272 {Th. 
1,167). Addition of HFAq to the NaF thus formed 
causes disappearance of heat [NaFAq,HFAq] 
« —288 (Thomsen). The heat of neuMisation 
sf HFAq is 18 to 19 p.c. greater than that of the 
analogous haloid aoids; HF is the only haloid 
aoid the reaction of which with its own alkali 
salts is attended by the disappearance of a con¬ 
siderable quantity of heat. Tlie relative aMnity 
of HFAq is extremely small, being less than 1 
if that of HGlAq is taken as 100 (c/. AvFXinTT, 
toL i. p. 75). 

Molefhilar weight.—U HF is the molecular 
formula of fluorhydrio aoid the vapour density 
of the compound must be 10 (H^l); Gore de¬ 
termined the y.D. indirectly by heating a known 
volume of H with a slight excess of AgF ^d 
measuring the HF produced; at 100° the volume 
of HF was approximately double that of the H, 
but at lower temperatureg it was considerably 
less (TV. 1669.178). bfallet weighed the HF gas 
in a fiask coated internally with paraffin; at 
80*5° the y.D. was found to be 19-6, which cor¬ 
responds fairly well with the formula E 3 F 1 (Am. 
8,189)* Thorpe lind Hambly (C-V- SVans. 1888. 
765; 1889. 1681 have de^rmined the yjD. of 
EF in a speoiiJly constructed apparatus of Pt; 
they made 14 ei^riments at temperatures be¬ 
tween 26*4° and 88 * 8 °; the y.D. varied from 25*6 
at 26*4^ to 10*8 at 68 * 8 °; these results rather 
point to the gradual breaking down of a complex 
moieoular group as temperature risest with final 
prodnetioa of mdeoules of HF, ih$sk to the exist¬ 


ence of definite molecules of huFa at one tem¬ 
perature and HF at another. They haye also 
examined the effect of altering pressure, at con¬ 
stant temperature, on the y.D. of HF. The tem¬ 
perature chosen was 82°, because the VJ). at 
this temperature and 760 mm. pressure eorre- 
.spends with the formula A small lower¬ 
ing of pressure wa^accompanied by considerable 
decrease of yj). ; hence there is no evidence of 
the existence of a stable gaseous molecule H^F,. 
Nevertheless the results do not negative the view 
that the composition of the chemically-reacting 
unit of fluorhydrio acid is represented by the 
formula H^F,. This view is in keeping with 
the readiness with which fluorides such as 
0]^(» KHFj)^re produced (u.FnuoRiDKs). But 
it might be argued that the existence of the salts 
KF.2HF and KF.3HF (Moissan, C. B. 106, 647) 
points to the existence of the acids HtF. and 
H 4 F 4 . 

Beadtums. —1. When dilate HFAq is electro^ 
lysed in a Pt vessel, H and 0 (with ozone) only 
are evolved; if the solution contains 80 p.c. HF 
the aoid is decomposed, H is evolved at the 
kathode, and the anode is attacked by the F 
there produced (Gore, Pr. 17, 266). Electrolysis 
of liquid HF kept at — 23° results in production 
of fluorine at the anode (Moissan, 0. B. 103, 202 , 
256) ; for details of apparatus, &o. v. Fluorine, 
p. 461.—2. Liquid hydrofluoric acid at —29° 
to —18° does Dotreaot with noit-metu25, nor with 
me except the alkali metals \ it reacts vio¬ 
lently with many anhydrides, e.g. PjO,, SO,; 
chlorides of alkali and alkaline earth metals are 
decompose, also chlorides of phospluyrus, anti- 
many, and titanvum ; muiy organic bodies are 
rapidly charred; paraffin is unchanged; glass is 
unattaoked by perfectly dry liquid HF, but if a 
trace of moisture is present SiF 4 is formed (for 
other similar observations v. Gore, Pr. 17,256; 
TV. 1869. 173^.—3. An aqueous solution of hy¬ 
drofluoric Odd reacts with metals and metallic 
oxides very similarly to HClAq, forming fluo¬ 
rides, and evolving H with metals, and forming 
water with metallic oxides boron, tan¬ 

talum, and 9irconium,&te dissolved by HFAq.— 
4. Si^ca and silicates are rapidly decomposed by 
HFAq with evolution of gaseous SiF,; if water 
is present in considerable quantity the SiF 4 re¬ 
acts with it to produce silicofluorhydrio acid 
HjSiF, (v. SiLioo-FLUORinRS under Sxliooh). This 
reaction is made use of in etching glass. —5. Ti¬ 
tanic, tin, tantalic, molybdic, aid tungstic ovi^, 
which are insoluble in most acids, are dissolved 
by HFAq forming fluorides, which then combine 
with HF (v.TiTANO-FLUOBIDBS, STANNO-FLUOSmiB, 
<ko., under Titanium, Tin, dto.).— 6 . With metaXUa 
oxi^ HFAq reacts to form fluorides, and ^ 
many oases these combine with sbBF {v. Fluob- 
»ssj. 

Oombination8.—Wiih m&nyfluorides to form 
salts, of whi^ EF.Hf, NH 4 F BiPr 8 HF, and 

SiF 4 . 2 HF, are typical Certain of these com¬ 
pounds of HF with^fluorides are beet regarded av 
iiitinot acids, s.g. SiF 4 . 3 EF reacts as an add 
forming salts, M^,SiF„ known*as siUoo-fluofidei : 
stemno-fltiorides, tantalo-fluorides, Ac., an als( 
known; these salts are described under tiiairn 
spectiTe headings as sections of the akddet 
wuocHi, Ta, Takx&lum, Ac. (o. ako Vsmikjm} 
If. 
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VXUOBXDSft. Bi/^bAy commwids of F ioith 
ofhir olmmU, Fluorides oi all the metals with 
the exception of 10 orl3 (and these mostly rare 
metals which hayenoi been at all thoroughly ex* 
aniined) have been prepared. Fluorides of the 
foUowingnon-metals are also known, yiz. B, H, I, 
P, Se, S, and Te; no fluoride of Br, 0, Cl, N, or 
O has yet been i»>lated. Fluorides are preparea 
(1) by the reaction between HFAq and metals or 
roetalUo oxides; ( 2 ) by heating fluorspar and 
withmet^Uo oxides, this method isap- 
plioable to yolatile metallic fluorides; (3) by 
ppn., applicable to insoluble metallic fluorides; 
(4) by heating non-metals with HgF, or PbF,. 
Metailio fluorides are generally easily fusible 
solids, similar to, and, as a rule, isomorphous 
with, the chlorides. Some non^nnetallic fluorides 
are gaseous at ordinary temperatures, e.g. SiF^ 
andPFj; others are liquids, e.^.IFs; andafeware 
solids, c.y. SbF|. Metallic fluorides are generally 
insoluble in water; AgF and SnF, am soluble, 
Bud FeF„ NaF, and KF, are sparingly soluble. 
The fluorides of B1 and Sb are not decomposed 
by water, whereas the chlorides of these metals 
are at once decomposed. Most metallic fluorides 
are yery stable, not being decomposed either by 
heat, or by heating with carbon or in oxygen; 
solutions m these fluorides generally react slowly 
with alks^e silicates forming IlF and basic 
fluorides. Non-metaliio fluorides are generally 
more stable than the corresponding bromides, 
chlorides, or iodides; thus PClj is dissociated 
by heat, but PF, is an extremely stable gas. 
Fluorides are decomposed by heating with Cl or 
with cone. H-SO*. Almost all metallic fluorides 
readily oomoine with HF forming acid salts, 
aqueous solutions of which turn blue litmus red 
and etch glass; these acid salts are decomposed 
by heat with evolution of HF. Some of these 
acid salts are better regarded as distinct acids, 
the negative radicle of which is formed of metal 
and fluorine; the following probably belong to 
this class: SnF,.2HF, TiF,.2HF, Z 11 F 4 . 2 HF; 
(-HjMF*). Fluorides, as a class, combine to¬ 
gether to form doifble fluorides; the fluorides of 
the metals show a remarkable readiness 
to combine with other metallic fluorides; inmany 
cases, but not in all, as many molecules of alkaU 
fluoride <M)mbine, as there are atoms of fluorine 
in tlm other fluoride, e.g. BeP 2 . 2 NaF, BiF^^KF. 
ThMC double fluorides are generally more stable 
eompoundf than conesponding double oblorides, 
bromides, or iodMes. readiness with which 
afi j i d fluorides ana double fluorides are produced 
has suggested that the f<mnula expressing the 
composition of what z^ay be called the chemical 
moleouie of fluorhydric acid should be written 
HfFf. This is perhaps confirmed by the especial 
ease with which alkali fluorides form acid fluor¬ 


ides MHF,; thus EF and NaF react with 
acid so weak as acetic to form RHF, and NaHF, 
jrespeetiyely (2KFAq + C^ 40 ^q 
-iKF.HFM + 0^8K0jAq). The fact that 
the quantity of heat which disappears when 
i HFAq reacts with NaF ambunts to about 2 pa. 
of tbs heat neatralisation of HF by NaOH, 
irimreas when the other haloid acids react with 
thdr alkali salts hardly any heat disappears, 
tends to confirm the view that the reacting unit 
of flnorir^o acid is H. 1 ^ rather than HF. The 
‘ small affinity of IlFAq (less than 1 when 


that of ... ^ 

junction with iho marked stability of the fla( 
Ides, also marks off this acid txom the otb 
haloid acids. 

Fluorides are detected by gently heating wi 
cone. H ^04 in a leaden or platinum veas 
which is covered with a piece of glass coat 
with wax, through which lines are traced with 
needle; after a little the glass is removed a 
the wax wiped off when warm; the glass appes 
etched where it was exposed to the vapour 
HF coming from the fluoride. Fluorides m 
also bo* detected by mixing with miorooosiT 
salt and heating strongly by a small blowpi 
flame in a glass tube open at both ends; 
evolved and {lartially condenses with water 
the upper parts of^the tube; ou evaporating t 
water a dull spot is seen on the glass. 

Fluorides are estimated by evaporation wi 
cone. H,S 04 , the residual metalUo sulphate 
weighed, and the fluorine is determined by d 
ferenoe. Or the issuing vapour is led into watt 
a weighed quantity of PbO is added, the wh( 
is evaporated to dryness and heated, and the i 
sidue is weighed; in this process F is substitut 
for 0 ; if d » increase in the weight of the oxi 
of lead used, then 


amount of F in residue 


For details, and also for other methods of es 
mating F and HF in presence of fluorides, a 
for separation of F from other elements, a mam 
of analysis must be consulted. M. M. P. M. 

FLtTOEIBTE. F. At w. 19. Mol. w. 
(Moissan, C. R. 109, 861). For chief lines 
emisslon.spectrum, v. Salet [A, Ck. [4] 28,8 
and Moissan (C. R. 109, 937). 

Hwiory,—Schwankhardt, in Niimberg, < 
served in 1670 that glass is etched by conti 
with sulphuric acid and fluorspar. About 1 
years after this, Scheele showed that the etclii 
observed by Schwankhardt was due to a distil 
tive acid produced by the reaction between t 
fluorspar and sulphuric acid. Gay-Lussac a 
Tb^nard obtained this acid in 1808 {A. Ch. l 
204), and endeavoured, unsuccessfully, to demc 
Btrate the presence of oxygen in it. In 16 
Ampere declared the acid to be analogous to 1 
drocliloric acid, and to be a compound of H wi 
an element resembling chlorine. To tbes elemt 
he gave the name of Phtor {^66fnos =destroyinj 
but the name was generally employed 

asmucb as it suggested mat the etching co 
pound of the element was obtained from fluors] 
l^athum fluoricum). The investigations 
Freray (A, Ch, [3] 47, 6 ) and Gore (Pr. 17, 2S 
Tr. 1^9.173) rendered certain the compositi 
of the acid first obtaifled by Gay-Lussac and Ti 
nard. Davy, in 1809 and 1813 {Tr. 1609; 18 
263) endeavoured to isolate fluorine by leadi 
01 over heated AgF; as he obtained a gas wb: 
seemed to be ^ he conclnded that F had proba 
been lib^ated, but had reacted with the gls 
He then used Pt vessels, but obtained fluor. 
of Pt; a trial with vessels of fluorspar was \ 
successful Baudrimont {J. pr. 7, 447) hea 
a mixture of fluorspe^, MnO,, and H,S 04 ii 
glass vesssl, and obtained what he declared 
be a mixtiue of EF, SiF 4 , and F; he descril 
F M a yellowiih gas whiw bleached, did not < 



FLUOBO-BE^ZENE* 


on glui* oombised with gold; the gas was 
pro^bl/ 01 derived from ohlorides in the fiuor> 
spar used. Eiioi attempted to decompose HgF 
by 01 in s Teasel of fluorspar {J.pr, 9,118); he 
obtained HgCl and a yellowish gaa which r^idly 
acted on glass. S. Enox electrolysed HF and 
PbFy, and obtained a colourless gas, which did 
^ot act on Au or Pt jX pr. 20, 172). liouyet 
(PA. 0. 1847. 821) again attempted to decompose 
HgF by Cl, using a vessel of fluorspar. He ob¬ 
tained a colourless gas which did not attaolc 
glass, decomposed water at the ordinary tempe¬ 
rature, and combined directly with all metals 
except Au and Pt. Eammerer (/. pr. 85,457) 
allowed I to react with AgF in aVaouous glass 
tube at 70^-80°; he obtained a colourless gas, 
which was wholly absorbed by KOHAq, but did 
not combine with Hg. Phipson {J. pr. 88, 63) 
thought he had isolated F by the reaction be¬ 
tween CaF,, KMn 04 , and he described it 

u a colourless gas, which bleached, decomposed 
water rapidly, and was without action on glass. 
Prat (C. B. 64, 845, 511) decomposed by 
heating with MnO, and KNO,; he treated the 
gas obtained with baryta, and described the re¬ 
sidual gas as F; it was colourless, combined 
with most motals, also with B and Si, but not 
with SiO,. Oillis repeated Prat’s experiments, 
hut obtained only 0 {Z. [2] 4, 660). Kenisch 
{N. J. P. 13,1) obtained what he regarded as a 
mixture of 0 and F by heating cryolite with 
l*bO, and K^SgO,. Gore attempted to prepare 
y by decomposing AgF by Cl (C. J. [2] 7, 368). 
Varenne noticed the production of a gas which 
attacked Pt by heating (NH 4 ) 2 Cr 30 , with HP 
{C. H. 9U 989). 0. Ldw (J5. 14, 1144, 2410) 
thought that the greenish gas obtained by break¬ 
ing up fluorspar from Wdsendorf was F; he 
traced the F to the presence of a fluoride of 
Ce, which was decomposed with evolution of F. 
Brauner in 1881 (B. 14, 1044) obtained a gas 
more or less resembling Cl by heating CcFf, and 
also by beating PbF^. In 1886 Moissan electro¬ 
lysed dry liquid HF in a Pt tube by means of a 
powerftu battery {O.B. 102, 1548); H was ob¬ 
tained at the negative pole, and at the positive 
pole a gas was formed which decompose water 
with production of ozone, and was wholly absorbed 
by Hg with formation of HgF,; the gas combined 
energetically with P and Si. A little later (C. B. 
103,202, 256) Moissan repeated the electrolysis 
of HF and obtained F. 

Preparation .—The apparatus used by Mois- 
Ban consists of a IJ-tube of Pt, with stopper of 
fluorspar and Pt delivery tubes; the positive 
electrode is formed of an alloy of Pt with lOp.o. 
of Ir; EHF , is dried at 10y°, and then in vacuo 
over HjSO^ and EOH; tlie salt is then heated 
is a Pt retort, and the HF is condensed in a Pt 
receiver surrounded by a freezing mixture. The 
HF it placed in the (J-tube which is surrounded 
by CH,C1 boiling at >-23*’; the current from 20 
Bunsen oelU, oouplod in series, is passed through 
the liquid; any traces of water in the HF are 
decomposed with formation of gases at the posi¬ 
tive p<3« ; when the HF is perfectly dry electro¬ 
lysis sto^, a little perfectly dry KHF, is die* 
toited in the HF, and the conductivity is thus 
increased. H is now evolved at the nemtive 
pole, while at the positive pole there is produced 
• colourless gas in wbioh 9b| 9* 1 


m 

take fire, and wnieh decomposes E, 0 , fortoiat 
HF and ozone, and possksses other distinotivi 
properties quite different from those belonging 
to a mixture of HF and ozone {v* Properties and 
Beaotions). 

, To detenz^e whether this gas was really F 
or a perfiuoride of E, Moissan connected Ihs 
electrolytic apparaths with a Pt tube containing 
KF, to remove traces of HF, and then connected 
this tube with another made of Pt containing a 
weighed quantity of iron wire, and attached to 
an apparatus for collecting any gas which might 
come from the tube. The whole apparatus was 
filled with dry CO,, and an arrangement was 
adopted for collecting and measuring the H 
evolved at the Dd|;ative pole. The tube contain¬ 
ing the iron wire was heated to dull redness, the 
ij'-tube was cooled to -60*’, and electrolysis was 
begun. The weight of iron fluoride formed was 
exactly equivalent to tliat of H evolved; no gas, 
except a traco of air, was obtained from tiietube 
in which the iron wire was heated. Hence the 
gas evolved at the positive pole was fluorine. 
Moissan says that as much as l'5-2 litres F can 
bo obtained in an hour by this method. He 
also states that the gas is formed by electrolysis 
of fused KHF*. 

Properties and Beactione.—Fluorine is a 
pale yellow-green gas. It decomposes f 4 'ater, 
forming ozone and HF. Crystallised siUcon, 
boron, arsenic, antimony, sitlphur, and iodina, 
take fire at once in the gas. It attacks fTwtais 
less readily, probably because a film of fluoride 
is soon formed on the surface. Powdered iron 
and manganese burn brilliantly in F, when 
gently heated. Organic compounds are rapidly 
decomposed, alcohol, ether, benzene, <ko., take 
fire at once in the gas. F combines violently 
with hydrogen even in the dark. 

Fluorine is allied to 01, Br, and I; the ana¬ 
logy is shown in the composition and properties 
of its compounds, but there are points of diflsr- 
ence (v. F^uobutdric aou> and FnuosmBS). 

The atomic weight of fluhrine has been de¬ 
termined (1) from determination of y.D., and 
analyses, of HF (Gore, Pr. 17, 256; 2V. 1869. 
173; Mallet, Am. 3, 189; Thorpe a. Hambly, 
0. J. Trans. 1888.705; 1889.163); (2) by con- 
verting CaF, into CaSO^ (Louyet, A, Ch. [3] 25, 
295; Boinas, A. Ch. [3] 55,170; De Luoa, 0. B, 
51, 299); (3) by converting NaF to Na,S 04 , £F 
to K,S 04 , and PbF, to PbSp 4 (Louyet, 1.0.; 
Dumas, lx .); (4) by treating Mn,F,.4NH«F wife 
HGl and KI, and estimating the I set free 
titration with NasS.O, (Christensen, J.pr. 84, 
41). M.M.P.M. 

tn.FLTIOSO.ANn<INSG 4 H 4 FNH,[l: 8 ]. From 
O.H,(NHAo).N,.NC 4 H„ and oono. HF (Wallaoh, 
4 . 236, 266). 0il.-(B'H01),PtCl4. 

p-Fluoro-aniline 0 eH 4 F.NH, [1:4). fo. 

S.G. I'lSS. Frdm p-fluoro-nitro-beuatM^ 
8 oGl„ andHCl (Wallach, A. 335,267). liquid 
which solidifies in a bafe of ether solid cad 
• 0 ,. • 

fia!t 8 .-BHa-(B'HCl)^tOL. 

Acetyl derivative 0|H^.NEAs. 

SI. sol. water (Wallaoh a. Heusler, A, 948, 
rtVOBO-BSUZEKS Md. w«. 98. 

(85«). S.G. ¥ 1'0236. Md 1*46778 (Wdl^ i. 
Heusler, A. 248.319). VJ). 8'18 I^). 

heating potadsiiflfe 
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ilnoro-bsnieiM nlpliOMto with eone. HOIAq 
(Fitteni6 a. OIiTeri, 0. IS, SSSj.—2. By decom¬ 
posing diazobenzene piperimde with oonc. 
aqaeoas hydroduorio aoi^ the escaping gases 
b^g Tezy well cooled (WaUach, J.. 236,266). 

ProperUss. —Liquid which solidides in ether 
and solid carbonic acid. The so-called duoro-'' 
benzene described by Schmitt a. Qehren (J.vr. 
[2] 1,39^ was phenol. 

p-Di-dnoro-bentenc C,HjP,[l:4]. (88“). S.G. 
I'll. Formed by decomposing p-duoro-benzene 
diazo-piperidide with hydroduoric acid (Wallaoh 
a. Heusler, A, 248,224), Liquid solidides at a 
very low temperature. 

p-FLFOBO-BBNZElO: ST7LFS0B1C ACID 
0,H,F.S0^[1:4]. From p-amtio-benzene sul- 
phonic add by displacing NH, by F (Lenz, B. 
10, 1187! 12, 680). The salts are t. e. sol. 
water and alcohol. 

Ohloridt C^ 4 F.SO,Cl. [88"]. Trimetrio 
tables or long ne^es; sol. benzene, chloroform, 
and ether. 

Amidt O^J?.SO^H^ [123°]. Tiimetric 
plates or long needles. SI. sol. water and benz¬ 
ene, T. sol. acetone and alcohol. 

0 JPHTOEO-BESZOIC acid C,H,F.C0^[1:2]. 
Mol. w. 140. [118"]. Prepared by treating 

p-diazo-amido-benzoic acid with cone. HFAq 
NHrC.H,(C0;H).N,0,H,C0.,H + SHF 
- 0,H,(NH^)C0^ + C.H,F.C0^ 
(Patem6 a. Oheeri, 0. 12,85). ^lourless silky 
needles (from hot water). V. sol. alcohol and 
ether. More aolnble in water than its isomeridcs. 


BaA', 2aq: laminte, t. e. sol. water.—CaA',: 
lamina, v. e. sol. water. 

m-linoro-benzoie acid 0,H,F.C02H[1:3]. 
pi24"]. From nt-diazo-amido-benzoic acid and 
eonc. aqueous HF (F. a. 0.). Lamins, resem¬ 
bling benzoic acid.—NaA'aq: opaque scales.— 
AgA'; colourless needles (from hot water); 
auicUy altered by exposure.—BaA', 3aq: t. soL 
hot water.—CaA', 3aq: pearly plates. 

Htthyl tther MeA'. (194°). Aromatic oU. 

p^ncra-benzeia acid 0,H,F.C02H [1:4]. 
p82^. Prepared by heating p-diazoamido- 
Danzoic acid with concentrated aqueous hydro¬ 
fluoric acid; on cooling, the greater part of the 
flnoro-benzoio acid separates out, while the 
bydroSuoride of p-amido-benzoic acid [211°] re- 
tnains in solution (Schmitt a. Oehren, J. pr, 
[2] 1,394! Patemd, G. 11,90; 12,86). Obtained 
also by oxidation of p-lluoro-toluenc (Wallach, 
A. 236,263). L&minin or needles, smelling like 
benzmo add, si. sol. cold, t. sol. hot, water; v. 
sdL alcohol, ether, and benzene. Volatile with 
steam. Does not etch glass. Cone. HN(h gives 
a flnoro-nitro-benzoic acid. Cone. EjSO, dis¬ 
solves it without alteration. 

Balts.—BaA',4aq: oolonrless ill-defln^ 
lamina, id. sol. hot water.—CaA', 3aq: lar^ 
prisms.—AgA': ydlow plates (from water). 

Bthyl efhsr EtA': crystalline: may be 
distii^ 

nUflaen-bazacis acid Cp[,F,.00,H. [282“J. 
Formed by the aqtion of cbromlnm perfluoride 
(from OaF„ X,C^O, and B,SOJ upon benzoic 
asid{JaskBraa. Hartahora, S. 18,1993; Am. 7, 
Bit). Flat’ white needles, s<fl. hot benzene, ^ 
toL hot water, neatly insoh cold watep. 

SaltSv—A'Jla 8aq; long sQlcy needles. S. *6 
sedaa. >l'3stU°e-SA’. 


p-FLBOBO.BBOMO-BEirztEB fiJa^zFilidl 
[-16° to-20"]. (168°). S.a.«l'5M. Froi 
p-fluoro-aniline by diazotisation and treatment 
with cuprous bromide (Wallaoh a. Heusler, A. 
243,226). OU. 

p-FHrOItO-CHMItO.BEirZBHB 0,H,CI1P. 
(181°). S.G. t* 1'226. From p-fluoro-aniline 
by diazotisation and treatment with cuprous 
chloride (Wallaoh a. Heneler, A. 248,226). OU; 
volatUe with steam. Solidides at a very low 
temperature. 

o-FLB0E0-0HnfAia0 ACID G,H,FO, M. 
0J3jF.CH;CH.C0,H. From the sulphate of o- 
diazo-cinnamio acid and HF (Griess, B. 18,961). 
Long needles.' V. si. sol. boiling water, v. sol. 
alcohol. 

FLUOBO-^-OUMElO! G,H,Mo,P [1:8:4;6). 
[27°]. (176°). Fromdiazo-4'-onmenepiperidida 
and cone. HFAq (WaUaoh a. Heusler, A. 248, 
231). Volatile with steam. 

FWOBO-HIPPUBIO ACIDS 
0,H,F.CO.NH.CH,.CO,^ The flnoro-benzoio 
acids are transformed by the animal organisms 
into the corresponding fluoro-hippurio acids, and 
may be extracted from the urine by evaporating 
it to a s^mp, treating with alcohol and filtering. 
The residue, on distillation of the alcohol, is de¬ 
composed with hydrochloric acid and taken up 
with ether, which on distillation leaves an oUy 
mass from which the pure acid is obtained by 
conversion into the calcium salt and decomposing 
this salt with hydrochloric acid (Coppola, 0. 13, 
52‘2). 

o-Fluoro-bippurie acid [121°], CrystaUises 
in prismatic, iridescent needles, v. sol. ether and 
alcohol, si. sol. chloroform, insol. carbon disul¬ 
phide and benzene. It is decomposed'by fuming 
hydrochloric acid into glycoooll and o-fluoro- 
benzoic acid. 

m-Flncro-hippurio acid [163°]. Prismatic 
needles, v. sol. hot water, alcohol and ether, insol. 
carbon disulphide end chloroform.-CaA',2aq: 
rectanralar lamina.—PbA',6aq: small lamina. 
—AgA'; flooculent pp. 

p-Flnoro-hippurio acid [161°]. Pearly 
needles (from ether). Insol. benzene, 0S„ and 
chloroform, sol. alcohol, ether, and boiling 
water.—CaA', 3aq: four-sided tables, v. e. sol. 
water and alcohol. 

p-FlirOBO-IODO.BEHZEHE 0,HJF [1;4]. 
(183°). Formed by decomposing p-fluoro-diazo- 
benzene piperidide with cone, hydriodio acid 
(Wallaoh a. Heusler, A. 243,227). OU, volatile 
with steam, solidifies at low temperatures. Cone. 
HNO, liberates iodine with the formation of 
fluoro-nitro-benzene. 

n.FLDOBO.HITBO.BBBZEirB OAF(NO,). 
[24*]. (206°). 8.0. 1'826. Formed from 

OA(NOJ.NrNOA, and cone. HP (WaUaeh, 
A. ^6, 264). Formed also by nitration of 
fluorobenzene. OU, heavier than water; smeUs 
like almonds, t 

FLDOBO.j>-OXr.BBNZO10 AOIO. Mtthyl 
d$rivativ» OfiJf(0}ie).OOJB. Pluoro-rmistc 
acid. [204°]. F^ imido-aniiie aoid (181"J 
by the mazo- reaction (Patemd a. OUveti, 0. Hh 
92). Oolonrless needl^ sol. water and aloohoL 

p-ILVOBO-FHElIOL 0JB;B'.0H 0:4]. (18^ 
Formed by diaioiialngp-finoro-anUme and bdU 
ing with water (WaUach a. Heusler, A, Mt, 
918). {h4i4 •tminaiy tei^peiatiuei, 
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wsiivvau-mriuiJI'n 0, <■<• 

ROA-tW. [89°]. ( 8 S 6 °j. Formed by de- 
oomposing bi-diazo-dipnenyldipiperidide with 
oono. HFAq (WaUaob a. Heueler, A. 213, 331). 
Cryetallme, T. nl. aloobol, ether. 

p-mOEO-TOHnSHB CH,.0,H,F. (U7°i. V.). 
S.u. *• •992. Prepared by heating ita enlphomo 
«cid (obtained from ( 1 ,4, 2 ) amidodolnene aal- 
pbonio acid) with cono. BOlAq in sealed tubes 
(Patemb a. Oliveri, Q. 18,535). Obtained also 
from p-diazo-tolnene piperidide and mjno. HF 
(Wallaoh, A, 235, 261). Smells like benzo- 
nitrile. CrO, and aqueous H,SO, at 160° give 
p-fluoro-benzoio aoid [182°]. , 

Fi.uoBo-ioLina acid 
0,H,MoP.CO,H[l:8:l). [161*). From amido- 
toluio aoid [165*^ by &e diazo. reaotion (Patemb 
a. Oliveri, O. 13, 88 ). Keedles, sol. water and 
aloohoL 

FI1DOB8PAB. Oaleitm flvariit («. •vol. L 

p. 665). 

FOOT-UTJCIB ff, Pbotezdb, Appendix 0. 

rOBKAmDIHB OH.N, it. N1^0H:NH. 
Ai/mdo.imido.mtthant. Wormimidam^. Me- 
tkenylamidine. Formed from the compound 
(H0N),SHC1 by decomposing it with alcohol at 
100 °; the products beingformic etherand form- 
amidine (Gautier, A. 115,118; Claisen a. Mat¬ 
thews, 0. J, 41, 266). Formed also by the action 
of alcoholic ammonia on formimido- ether 
HH:CH.OEt (Pinner, B. 16, 357). Hydro- 
ohlotide B'HCl. [81°]. Crystallises from 
alcohol in warty masses or in flat transparent 
plates. Very hygroscopic. Split np at 100° 
into HCN.and NH.Cl. Potash fpvea formic 
acid and NH,. Heated with acetic anhydride 
and sodinm acetate it yields di-acetyl-form- 
imidamide and tri - acetyl - formamidil 
0 ;HAc,N, [221°] (Pinner, B. 17,171). 

Platinochloride B',H,PtCl,: orange octa- 
hedra, v. sol. water. 

Di-aettyl-dirivativt NHAc.CHtNAo. 
Formed as above and together with a di¬ 
basic isomeride by heating orthoformic other 
with acetamide at 180° (Wiohelhaus, B. 8 , 2). 
Short thick prisms, sublimes without melting 
(Pinner, B. 16, 1660). SI. sol. cold water, v. si. 
sol. alcohol. 

POB1BIMID03UMCH,N,OUNH,.CH;NOH. 
Imretint. Mdhenyl-amidexim, [106°]. MoLw. 
60. Formed by the action of an alcoholic solution 
of hydroxylamineon a concentrated aqueous solu¬ 
tion of EON in &e cold; the product is evapo¬ 
rated at 40° (Lessen a. SobiSerdecker, A. I 66 , 
295). Xiimetric prisms (from alcohol). V. sol. 
wato, sL sol. cold alcohol., Its aqueous solution 
is alkaline in reaotion and ppts. ^ts of Cu, Pb, 
andHg. At 1406 it splits up into OOp NH,, and 
ammelide. Boiling water resolves it mto formio 


acids split it np into formic acid, NH,, and hy- 
droxylAQuziOs 

Salts.—B’HCL [60°]. Vary deliquescent 
trimetrio tablas, sL soL sloohoL—B',H^O,: 
neaita, T. e. soL water.—B'HAO, ! flat prisms, 
m. S()Ltvater.-BOA(NOJ,OH: yellowprismsj 
m. sol. water and alcohol,—OB#,OH^[gCI4t 
yatlow floooulent got 17 adding BgOls ts • 


solurion of formamidozim. Explodes who 
heated, V. sol. HClAq. 

rOBH-AHHTDBO. COMOTODS «, Us- 

THXSnK!OMPOlmOB. 

FOBKIOACIDH-OGOH. Hydrogen eorboxyUc 
tusid. Mol w. 46. [ 2 °] (Bannoco); [ 8 - 6 °] (Borttio- 
lot, Pettersson, Ekstrand). (100°) (SchiS, Lan- 
doldt. Person); (100-8°) (Zander); (101°) (Kosooo), 
S.O. S 1-2415; 5 1-245; i.gsi; 15 l.gas, 

1-22; 1-209; 1-2029 (Pettersson, /. pr. 

[2] 34, 297); ¥ 1-219 (Bruhl); } 1-1829; S 
1-1649 (Perkin); 1?21-117 (Zanderl S.V.41-(i 
(Sohili); 41-1 (Zander). VJ). (at 111-6°) 3-88 
corresponding ti^moleoulftr forraul* 2J^CO,: 

I (at 160®) 1-81; Tat 214°) 1-62 (Pettersaon and 
j Ekstrand, B. 18, 1194). S.H. (0°-100°) 'Sia 
! (PettorsBon). C,B. (0°-10°) ’COO?; (0°-20°) 
•0198; (0®^0®)-0509; (OMOO®)-!! (Zander, d. 
224, 66).« fl.C. (at 100°) 70,760. H.F.p. 95,980. 
H.F.T. 96,360 (Thomson). M.M. 1*671 (Perkin). 

13*61. A* {Constant of eapiU^ty) 6*264 
(H. Scbilf). Seat of solution in water (soL), 
*08 (liq°) (Berthelot). JLatent heat of fusion 
67*88 (Pettersson). 

Oocurre^iUe—X. In the red ant (Formica 
rufa)g from whence the acid derives its name 
I (Marrgraf, Diss. Upsala, 1777}.-‘2. cater* 

I pillars, especially Mmbyx processionsa (Will, /. 

! 1847'-8, 646), and Cerura dicranurOy the seore* 
tion of which contains 87*6 p.o. of the aoid 
(Poulton, B. A. 1887,766).—8. m various seora* 
tions of the human body, vis. the blood, spleen 
(Soheerer, d. 69, 199) and sweat (Schott, 
1862, 704).—4. In plants, viz. 8tin)^ng nettles 
(Gorup Besanez, d. 72, 267), the Bruit of the 
soap tree, Sapindus saamaria {ibid, A. 69,869), 
in tamarinda, and in tne needles of Pinus abist 
(Bedtenbaoher, d. 47,148). It is also found u 
one of the products of oxidation of crude turpen¬ 
tine oil (Weppen, A. 34,236; 41,294; Laurent, 
J,pr, 27,816).-<'6. In the mineral waters of Prina 
Lofen (Pettenkofer, Fasin. Archiv, 7, 104), of 
Brtickenau (Soheerer, d. 99, 257), and Bi the 
deposit from the waters of Marienbad. 

Synthesis. —1. By passing carbonic oxide 
into damp alkali heat^ to 100°: CO-fKHO 
«.KCOOE (Berthelot. 0. S, 41, 956); the re¬ 
action takes place best with soda-lime heated to 
190°-200°; above this temjMrature the formate 
is decomposed with production of carbonate. If 
the materials are dry no cosgbinatlon ooonn 
(Mere and Tibiri^a, B. IS, 23). The additimi Of 
alcohol promotes the absorption (Piritiringa, 
Inana, IDiss.y Znrioh, 1879).—2. By we aotloo of 
the silent eleotrio discharge on a mixture of cu- 
bonio aoid and hydrogen CSOff 
(Brodie, Fr, 21,245).—8. By passing a current 
otdampoarbonio acid over metallie potassiam 
200 ,4°E,-l-OH,»HCpOE-fKHCO, (Solbe and 
Schmitt, d. 119,25li: 

FormoHotk—1. By the oxidation of food 
spirit (Dmnas a. PftU^t, d. 16,7; Dumai a. 
^as,^. 86, 187)As. Byhestinsi wood ^irit 
witii a mixture of lime and potau pomai a. 
Btu).—8. By heating hvdrooyanic add witil 
concentrated alkaUs or sunexal acids (Pdoaok. 
d. Oh. CiQ 48, 896; Ociser, d. 1,44}4--4|]^ 
tlu d ee o n ^ osition of oxaBc add bt heat 
LqimA, d* CA. [ 21 46,218). The yldd ii ntadt 
lB«ia«nd if idditloB of g^rosdfl ot mamiite 
aaft 
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(Berthelot, v, infra). An nq&eous folntion of 
oxalio acid in preaenoeof nranio oxide is decom> 
poaed by aanlight into GO, and fonnio acid (Hee- 
kamp, A, 132, 113)*'~6. By decomposition of 
ohioral and trihal^en d^Tatives of methane 
(Liebig, A. 1, 198; Dtunaa, B. J. 16, 87^, or, 
by heating chiorofonn with aqueous NH, in 
sealed tubes at 200<’-225°. 2OH0L+7NH, ■¥ 8H,0 
- CO + 6NH,C1 + HCOONH, (Andr6, 0. B. 102, 
668).—6. By adding sodium amalgam to a strong 
aqueous solution of ammonium carbonate 

(NHJgCO, Na,-HCO,Na + 2NH, + NaOH 
(Maly, A* 185, 119}.—7. By distilling starob, 
sugar, and various aibuminoua substanoos with 
manganese peroxide and sdphurio acid (Ddbe* 
reiner, A, 8, 144; Gmelin, A 16,66). Other 
oi^anio snbstanoes, such as tartaric acid, gum, 
linseed oil, woody fibre, and cereal grains, yield 
formic acid when distilled with concentrated sub 
pburio acid with or without manganese^peroxide. 

8. By the electrolysis of water through which a 
current of CO, is passed (Boyer, Z. 1870,318). 

9. By the oxidation of ooal-gas by ozone (Ma* 
quenne, Bl. [2] 87,298).—10. By heating alcohol 
with nitrio acid (Gaultier de Clanbry, J. Ph. 26, 
764).—11. By oxidation of tri-methylamine with 
alkaline permanganate (Wallach a. Claisen, B. 
8,1288).—12. By the oxidation of carbon (from 
carbon disulphide) with potassium permanganate 
(Chapman, C. /. 6, 18S).—13. As an iron-salt 
by heating o^^n disulphide with water and 
iron filing {]^w, B. 13,324).—14. By heating 
lactic acid with sdphuric acid (Erlenmeyer). 

AddUumal references.—’Rxilse and Fisher, T, 
1670, Tdv. 2068; Wdhler, P. 16, 307; Hune. 
f<dd, J, pr, 7, 44; Guokelberger, A. 64, 39; 
Stenbouse, P. M, [3] 18,122; Saoc, A. 51, 214; 
Hlasiwetc, /. pr. 61, 366; Liebig, A, 17. 69; 
Oehlen, A, Cn. [1] 83,208; Limpricht, A. 97, 
361; Hurst, 0./. 16, 278. 

Preparatum. —1. By heating to 60*^ in a 
capacious retort a solution of sugar (1 pt.) in 
water (8 pts.) with manganese peroxide (2*5-3 pts.) 
and 1:1 •mphnrib acid (3 pts.). One-third of 
the acid ia added at first; when the violence of 
the reaction has abated the remainder of the 
acid is added. The acid formed is condensed in 
a receiver, and at the end of the action the dis¬ 
tillate is nentr^^i8ed with chalk, and the filtrate 
evaporated to the point of crystallisation. The 
ealoiom salt is converted into the lead salt by 
addition of leaAoaxbonate, and the load salt de- 
eomposed by the requisite quantity of sulphuric 
aeid.—2. By heating equal parts of anhydrous 
glycerin (or mannite) and oiystalUsed ozaUc acid 
in a retort to 76^-90°, until cubonic acid is no 
longer evolved, A fresh portion of oxalic acid 
is th«: added, and the ^stillation continued, 
^is proceu may be repeated several tim^s. 
The distillate finally contains 55p.o.ot the acid, 
uid it radistilled over anhydrous oxalic acid 
when a 76 p.o. acid is obtained. This is neutral¬ 
ised with sodium oarboDat|, the dry sodium salt 
* disced with anhydrous oxalic acid, when a 
99 p-e. afiid it obtained (Lorin). The last trace 

water ia removed 1^ distillation over boric 
anhydride, or the acid is subjected several times 
to a freesing mixture, the crystals sroarated from 
the liquor, and then allowed to melt, or the dry 
lead (tut eoppert salt is heated at 180^ in a 
qvifol of nydrogea tnlj^udt; Iq ^ latter 


case &e product it apt to be contaminatea wita 
sulphur products (Liebig; Wdhler). 

In the above process the crystallised oxallo 
acid decomposes into water, carbonic acid and 
formic acid, the last of which combine with 
the glycerin to produce monoformin, which 
is subseqrtently decomposed by water into 
glycerin and formic acid, the equation being 

0X(?H),+H,CA 

- C,H40H),(OOHO) -I- H,0 -h CO, 

■< 0,H,(pH), -f H,COg-f CO,. The details of the 
process have been worked out by Lorin, Bl, [2] 
6, 7,12; 20,241; 24,22,436; 26,617; 87,104. 

PropertUn, —The acid solidifies below 0^ and 
exhibits the phenomenon of superfusion. The 
liquid acid is colourless, transparent, and mobile. 
It has a pungent* sour taste and odour, and 
when concentrated blisters the skin (Liebig). 

The vapour pressure of the aoia at various 
temperatures has been detennined by Landoldt 
{A. Suppl. 6, 164) and Eiohardson (C. J, 49, 
765), some of whose results are given below:— 


Tomperetiire. 

Pressnra 

iaam. 

Temperature, 

Preuora 
tn mzu. 

6-7 

men. 

|l 46 

102-7 li. 

10 

18-4 L. 

60 

191-2 L. 

10-3 

17-44 B. 

70 

280 h. 

20 

81-4 li. 

80 

399-8 L. 

29-7 

48-33 B. 

8-2-7 

891-2 B. 

30 

61-6 L. 

90 

668 L. 

40 

82-3 li. 

91*2 

629-8 B. 

44'5 

82-97 R. 

1 


Aqtucus 

acid.—Formic acid mixes in all 


proportionswith water. By distillation of aqueous 
formic acid at standard pressure a 77 p.c. aoid 
(107^) is finally obtained, whatever &e original 
stren^h: this corresponds to an Mid of mole¬ 
cular composition HCOOH -f- HjO, and has been 
termed orthoformio acid CH(OE)„ the ethereal 
salts of which are described below. But on 
alteration of pressure the composition as well as 
the boiling-point alter; thus at 1350 mm. an 
80 p.o. acid (124*1°), and at 1830 mm. an 83 p.o. 
acid (134*6°) finally distil (Bosooe, C. J, 15,270). 
Perkin (C, J, 49, 778) also concludes that the 
sO'Callea hydrate S.G. { 1*1829 ia only a mixture 
of the aoid and water. 

A 30 p.o. aqueous aoid has the maximum 
electric conductivity (Hartwig, W. 33,58). 

Reactions,^!, The aoid is completelv ro- 
solved by strong sulphuric add into oaroonio 
oxide and water (BObereiner); this reaction at a 
temperature of 60°-80° starts at first slowly, 
ir>3acheB a maximum and then decreases at a 
rate proportional to the mass of aoid undergoing 
deoompositioD (Veley, T. 1888,274,286-997).— 
2. The vapour of thef^noentratedaoid barns with 
a dull blue fiame (Liebig).—8. It ia slowly burnt 
when dropped on platinum black (BObereiner).— 
4. Gradually oxidised by chUyrins (Cloez), more 
rapidly by <)aqueoas iodio or pmodie aoid 
(Benckieser, A, 17,268; Millon, 0. B, 19,271). 
6. Decomposed bv wiUie add (Anidson).—a 
Heated with dne^ust it is decomposed into oar< 
bonio oxide and hydrogen (Jahn, M. 1,679).-'T 
Forms with hromins in presence of carbon ^ni< 
phide an unstable addition product, whidi dO' 
oomposes into HBr and CO, (Hell a. Mfihihafiser 
B. U, 346).—8. On sleefrolysii it rields 0„ H, 
and (w gseqondaiy prodoot aoetio add (Boui^ 
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electric msoharge into CO,, CO, and H,, ue pro¬ 
portion of the two former depending on the pres¬ 
sure ^Maquenne, 0. B, 96, 68).->10. The acid 
acts as a strong reducing agent, precipitating in 
alkaline solution the heavy metals, gold, plati¬ 
num, and palladium from tlteir solutions. With 
silver nitrate it precipitates silver formate, which 
is subsequently reduced to the metai; it converts 
mercuric into mercurous chloride, and only on 
protracted heating to metallic mercury. In acid 
solution it reduces potassium permanganate in 
the cold, and chromic acid when heated, and is 
thus distinguished and separated from acetic 
acid. It also reduces Fehling’s stdution. These 
reducing properties are attributed to the presence 
of theaidehydiogroup CHO ih theacid.—11. The 
acid and its salts act as powerful antiseptics and 
anti-fermentatives (Jodin, C. B. 61,1179; Hod- 
mann, Inaxtg. Dtss., Qreisswald, 1884). Injected 
into the system they lower the temperature and 
blood pressure, and retard the heart’s action 
{Jahreaher. Fort. Pharm. 1879, 127). 

Detection. —1. The solution supposed to con¬ 
tain the acid or its salts is heated with concen¬ 
trated sulphuric acid, when carbonic oxide only 
is evolved.—2. With silver nitrate they give a 
white pp. turning brownish-black on lulling 
(v. supra).—8. With mercurous nitrate they give 
a white pp. turning grey from separation of the 
metal. 

Estimaiion. —1. The acid or salt is heated 
for 1^ hours with sodium acetate and a normal 
solution of mercuric chloride, the excess of which 
is titrated with potassium iodide. Besults 6 p.c. 
too low (Fortes a. Buyssen, 0. R. 82, 1504).—2. 
By a sta^ard solution of potassium permanga¬ 
nate acidified with dilute sulphuric acid.—8. By 
measurement of the volume of carbonic oxide 
given off by concentrated sulphuric acid. 

Formates.—Formic acid is monobasic, the 
general formula of its normal salts being 
B„(HCOO). a ; double salts ore also known 
of formula R,.A„.R',A^. 

Mstallio Fobuites.—T he salts are all 
soluble in water. Those of the fixed alkalis 
when heated are converted into the oxalates 
with evolution of hydrogen; those of the heavy 
metals yield the metal. The barium and 
oaicium^alts heated with the barium or calcium 
salts of the carboxylic acids yield the aldehydes, 
▼ol. i. p. 107. The salts when heated with water 
in sealed tubes at 175*’ are more or less com¬ 
pletely decomposed, those of Ca, Mg,Mn,Fe, Co, 
Ni, 55n, Sn'', Fb, Cn, Hg", Ag, yielding an oyde 
or carbonate with evolution of 00„ and CO. 
In the case of the Oo and Ni salts some of the 
metal separates, possessiifg highly magnetic pro¬ 
perties; from the Gu salt Cu^O separates in 
▼iolet crystals mixed with the metd also in 
crystals (Biban, 0. B. 98. 1028, 1062; </. Ber- 
thelot, ibid. 1051). » 

The formates nave been examined by Ofibel, 
Sohwaig, Dfibereiner and Liebig; Orystallo- 
graphic measurements by Heusser (P, 83,87); 
Handl, 8U». W, 42,747; Zepharoviw, 48, 
ii. 545; v. Hauer, 548; 1^1, 480; 

Bammelsherg, Hand. Sryet. dkem. 274; Voss, 
Xneng. Diu., Efioigsberg, 1887; Specific Cavi¬ 
ties, n Clarke, B. 12, 1899; Sobrfider, B* 14, 
tl; EeatcofSolotioaaadlformatioBfBMlhelot, 


0. B, 77,24; Befraction Fqulvaleat, OlCdstone, 
Pr. 16. 441; Ksnonnikow, /. B. 16.124; Die- 
persion (crystals), v. Lang. SitM. W. 81. 106; 
Desoloizeaux, Ann. M. 11, 261. 

Aluminium formate, obtained by ppg» 
barium^ formate with equivalent proportion of 
'aluminium sulphate; crystallises with difficulty, 
decomposed by hotVater with ppn. of aluminiuzn 
hydrate (Liebig). 

Ammonium formate NH,A'; monoolinie 
crystals, a:6:c- •884:1:1‘269; 8 «1*269, S.G. 1*266 
(Schi^der). Heat of solution —2*94. Decom¬ 
poses when quickly heated to 180^ into fonn- 
amide and water but no hydrocyanic amd 
(Andreasch), while at a higher temperature 
hydrocyanic acid only is produced (Dfibereiner). 

Barium formate BaA',: monoclinio crys¬ 
tals, a:5:c*» *765:1: *864 (Heusser). S.Q. 3*219 
(Schrdder), 8*471 (Clarke). Heat of solution 
-2*44.^ S. 20 to 25 in the cold; insol. alcohol 
and ether.—BaA',2aq (Krasnioki, M. 8, 509). 

FormonUrate BaNO.A'2aq (Ingei^oes, B. 
12,1680). 

Double salts. Barium-zinc BaA'rZnA\2aq: 
Iriclinio crystals, a:b:c = *679:1: *452; 8 «108® 49' 
(Heusser; Voss). — Barium manganese salt 
BaA' 2 .MnA '2 2aq: monoclinio crystals, a:5:c 
«1: *759:917 (Heusser).—Ponww cobalt sadt 
BaA',CoA '2 2aq: triclinio, isomorphous with 
the barium-zinc salt, as also Bariuvnnichel 
salt BaA'jNiA'^ 2aq, and Bariwn co^et salt 
BaA'gCuA', 2aq (Heusser; Voss).—Barittm cqp- 
per 2 BaA' 2 .CnA '2 2aq: triolinic crystals, S.G. “ 
2*747. Barium cadmium BaA'^CdA', 2aq: mono- 
clinic crystals, a:2>:c «*898:1:64. S.G. ^ 2*724. 

Bismuth formate. White crystals, 
readily sol. water. 

Cadmium formate CdA'.aq: mrao- 
clinio prisms, a:&:c» 1*3^5:1:1*224; 8-97® 6' 
(Kopp). S.G. V 2*429 (Clarke), 2*477 (grader), 
readUy sol. water, dehydrated with difficulty. 

Caloiumformate CaA',: rhombic ci^tala. 
a:b;e» *759:1: *467. S.G. 2*021 (Schrdder). Heat 
of solution *66. S. 10 to 12r5 in the cold, insol. 
alcohol. Forms methyl alcohol on dry dlstilla- 
tiou. 

Cerium formate C^A'aq, prepared by 
ppg. a solution of cerous chloride with sodium 
formate, rose-coloured, crystalline powder, con¬ 
verted into ceroso-cerio oxide, when heated. 

Cobalt formate CoA '2 2aq: rose-red crys¬ 
tals. S.G. M 2*1286. S. 20 at 20® Voss. 

Copper formate CuA',^ blue transparent 
monoclinio crystals, a:b:c«l:’996:*771. S.G. 
1*831 (Schrader). Heat of solution -7*84 
(hydrated), *52 (anhydihus). Prepared hf neu¬ 
tralising formic acid with copper carbonate or 
freshly ppd. oxide, and spontaneously evapo¬ 
rating. If the solution is heated the basic salt 
separates out. S. 12*5 to 25 in the cold. S* 
(80 p.o. alcohol) *25# 

Basic salt OuA'y2Cu(OE)3: pale-green pow¬ 
der, insoluble; prepared by boiOng an aqueous 
^ution of ^e noxnal salt. 

Double suite. Copper hydrogen 
OoA'tl^'liaq: blue, rhomoio, six-sided laUeSi 
a:b:c «'I*824:1:1*765, separated, toother with the 
OuSr salt, from a strongly a^ eolution of 
9 moll. SrAt and 1 mol. (Z^harevioh). 
Copper stro^vm 9SrAV0aAr^« tthtiinic 
crystals, *744:1:10103 (Zepharovio^, and 
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. Sidjmiiiai format* OiA'p S.S. 8'4S. 
S.y.S. M-a Vlolst powder, v, lA eoL water 
(C»Te,Bl.[y|48,86(>). 

Btbinm format* EtA'.daq: red orjetals 
(aUT^O.B.»l,S82). 

Iron lormatea. Umia fcrmaU 
FeAV2aq, T. el. eoL watot f^earer-Kestner, 
A. Oh. [S] 68,480b 

Arrio formaU FeA'iaq: yellow glistening 
crystals, obtained by dissolving recently pce- 
oqiitated ferric hydrate in formic acid; from its 
solntion ferric hydrate gradnally separates, while 
a basic salt remains in eolation (&heai«r-Eest- 
ner; et. Ladwig, J. 1861, 4S8).r Formo-nitratt 
Fa,A',(NO,)(OH), 8aq: yellow crystals, readily 
decompose. FormchchloruU Fe^'.Cl, Saq; 
reddish-yellow salt, T. *L toh water (Scheurer- 
Xestner). , 

Lead formate PbA',: rhombic pnsms or 
needles,isomorphoos with barium salt (Heusserh 
S.G. 4-671 (BMeker, J. 1860, 17; Schroder), 
Heat of solntion -3-46. 8. 1-6 at 16°, 18 at 
100° (Borfoed, Z. 1870, 273). InsoL alcohol, 
tttns differing from lead acetate. The dry 
salt decomposes at 190°, thus FblCHO), 
-SCOft-H.-f-Pb. Basui talts. By boiling 
aqaeons soIntioB with lead oxide the following 
buic salts separate ont PbAJbO, prisms, sol. 
68-6 pts. cold water, PbA,2PbO. BoL 26-6 pts. 
cold, 7-6 pts. water (100°), of strong alkaline re¬ 
action, PbA,SFbO oi^talihis pp. sol. 90 pts. cold 
water (Barfoed). 

FormonitraU 8PbA',Pb{NOJ, 2aq: rhombic 
taUes, V. si. sol. (Locios, A. 103,116). 

Lithium format* IdA',aq: rhombiccrys- 
tals, a;6m>l:-661: -484 (Handl). S.O. 1-436- 
1-479 (Schrdder). 

Magnesinm formate lfgA',2aq: rhombic 
prisms and oetahedra. S. 7-7, insol. alcohol 
and e&er (Sonohay a. OroU, J. m. 76,470). 

Ifanganese formate MnA',2aq; mono- 
cJinio crystals, a;6:o-1-317:1:1-213; 8=97° 38' 
(Hensser; Yoss). S.G. 1-963 (hydr.), 2-206 
(anhyd.) (Schr&der). 

Merenrons formate Eg,A',: glistening 
scales. 8. -4 at 17°, decomposed when boiled with 
water, Hg,(OHOJ,-Hg,-s H,CO,+CO, (OSbel). 

Niokel formate MiA',2aq: green crys¬ 
tals. S.G.U 2-1647 (Clarke). 

Potkssinm formate KA'. Deliquescent, 
rhomUs cabea. 6.G. 1-908. [160°]. Heat of 
solution —•S8. 

Samatlnm formate 8mA',: wdut* powder, 
v.*l.t(d. 

Silver formate AgA': crystalline pp. 
formed Iqr adding silver nitrate to an alka¬ 
line tennate, completely decomposed on boiling 
Witt water, 9AgCHO-Ag,-pCO,-tH,OOp thus 
dUtering frmn the acetate. * 

Sodium formate NaA',: rhombic prisms, 
«:bu!.-919:l:-97; 8-68°9' (Pock, Z. K. 7, 61). 
UF. 200°. M. soL (watet),*sL sol. (alcohol), 
ihsol. (etter). S.<|. 1-919 (Mhrader). Beat of 
sotatt>n--6i Decomposedwhenheatedintohy- 
dtogen and the oxalate; 3NsOHO,=E,q-Na,0,Op 
—MaApsq, rhombic table*, soL 2 pts. (water), 
Hu acid salt* sodium and potassium described 
M Bineau do sot exisi 

•ftteatinm format* SrA'siaq; rhom¬ 


bic crystal*, o:b;e-<08:1:-698 fBttsItt),: KM* 
biting hemihedral forms (Pasteur, i. Oa. W 61, 
98; Jacobsen, P. 118, 498). 8.0. 2-26 ^yd.), 
2-667 (anhyd.) (Schr6d*r). Heat of solution 3-78 
(hyd.), -81 (anhyd.), m. sol. (water). 

Terbium formate, whit* powder. It. 
sd. water. 

Thallium formate TIA',: v. sol. wateri 
melts below 100° without decomposition (Knhl- " 
mann, 0. B, 66,607). 

Thorium formate ThA',.4aq: tables, 
deliquescent (Chydenius, P. 119, 64). 

Ytterbium formate Y0.,A.',4aq! crystal¬ 
line aggregates (Marignao, A. Oh. [6] 14, 247. 

Yttrium formate, very soluble, deliques. 
cent. The philippium formate described by Da 
lalontaine. A, Gh. [61 14,238 is probably a mix¬ 
ture of terbium and yttrium formates, which 
separates in rhombic prisms, a:6:c=-89:1:1-484 
(Roscoe, 0. J. 41,281). 

Zinc formate ZnA,2aq: monoolinic crys¬ 
tals, isomorphous with Mn salt. S.G. 2-161 
(hyd.) (Schrader); 2-167 (Clarke), 2-306 
(anhyd.). Heat of solution —1-2 (hyd.), 1-97 
(anhyd.). 

AikXL roBUSTxa. Formic tthen. 

Methyl ether C,H,0, or MeA'. Mol. w. 
60. S.G."-’ -967 (8.); J -978 (E.); -982, 

H -969 (Perkin); U -979 (GrodzU a. Kramer). 
VJ>. 2-084 (for 2-08) (Dumas a. Peligot). C.E. 
(0°-10°) -00144 (E.). S.V. 62-67 (8.), 62-84 (E.), 
63-2 (Bamsay). H.O.V. 241,620 (Thomson), 
238,700(Berthelot). H.F.p.89,430. H.P.v.88,270. 
M.M. 2-496 at le-* (P.). A* 4-944 (S.). 

Occurrence.—In crude wood spirit (Mabery, 
A. 0. J. 6,269). 

Preparaiion.—i. By adding calcium formate 
(100 pts.) gradually to wood spirit (130 pts.), 
saturated with hydrochloric acid. The distillate 
is poured back, redistilled, and Snally rectiOed 
over sodium carbonate and calcium chloride 
(Volhard, A. 176, 183).—2. By distilling a mix¬ 
ture in equivalent jproportions of sodium formats, 
hydrochloric acid, and wood spirit (Bardy a. 
Bordet, A. Oh. [6] 16,661; c/. Dumas a. Peli¬ 
got, A. Oh. [2] 68,48). 

Properties.—Colourless liquid of ethereal 
odour. 

Mono-chloro-methyl formate’ 
H00,CH,01. Prepared by passing chlorine in 
the dark at 100° into methyl formate. 

Penshloromethyl formate CiCO,CCl, (180°- 
186°). 8.a.lsi-724(Cahours,A.64,816). When 
packed through a strongly heated tube it is eon- 
veited into carbon oxy.chloride. With alcohol 
it forms ethyl chloro-fmnnate, the equation being 
C,C1,0,+2EtOH - 20ICO,Et -4 2HC1. 

Ethyl etherO^fi, or EtA'. Moh w. 74. 
(63-6°) at 764-6 nun. (H SchiS); (66') (Garten- 
meister); (64-42) (Elsasser). S.G. § -946 (G.); 

J -987 fBlsisserl; ^ -9084 (Brilhl) ; if -9298, {{ 
■9188 (Perkin);-878 (S.) (of. Naocari a. Fag. 
liani, W.BetU.687). T.D. 2-698 (tor 2-666) (Lie- 
big). C.E. (0°-10°) -001881 (E.j. 8.V. 84-67 
(8.): 84-6 (G.)t 86-14(15.). p* 1-8642. B* 28-61 
(B.). H.M. 9-664 at 18-8. BP.p. 96,900. HJI.v. 
H160. A*4-63a Oritieal Temperature am" 
(PawWski). 

A’lftrathu.—U By distilling * mixture of. 
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(6pto.), lodium fonnaie (7 pts.), 
•na eo&od&trated iQlpborio ftoid (10 pti.) (Idebig, 
17i 72).-~-3« By heating a mixture of glycerin, 
oxalie ecid, and alcohol in a leflnx apparatui, 
and then diatilling (Lorin, Bl [2] 5, 12).—8. 
Starch ^0 pts.) mixed with manganese peroxide 
(29 pto.), u added to a mixture of sulphuric 
aoid (20 pts.), water (6 pts.), and 85 p.e. luoohol 
(15 pts.), and the whole distilled (Stinde, D.P.J. 
181, 402).—4. As a secondary product in the 
preparation of ethyl oxalate (j. pr. 88, 1), its 
formation being doe to the decomposition of 
mono-othyl oxalate (Ansohiitz, B. 16,2412)« 
Propemss. — Liquid, of odour resembling 
peach-kernels. S. 11 at 18*^, sdl. alcohol and 
e&er. VapouT'tension at various temperatures 
(Naooari a. Pagliani) 


Temp. 

Pre*. 

Temp. 

Pres. 

20-2 

193-7 

60-8 

666-9 

81-2 

811-3 

66-1 

782-2 

40-87 

469-9 

60-5 

941-9 


Eeactions. — Decomposed by sodium or 
Bodium-ethylate into carbonic oxide and alcohol 
HCO,Et-CO-^EtOH (Geuther, Z. 1868, 666). 
With chlorine it yields di'Chloro^ethyl 
formate HCOjC^sClj, S.G. 1-261, which is 
decomposed when boiled, and by alkalis into | 
KCl, potassium formate, and acetate (Malaguti, i 
A. 82, 89); and per^chloro ethyl formate \ 
ClCO.^CjClj (cf. Tmchloracexic aoid) (Bucholz, 
CrelL N. Entdeck. 6, 56 ; Gehlen, S. 4, 18; 
Dbbereiner, A. 8,146; Kopp, A. 65,180). 

Propyl ether Pr.A'. Mol. w. 88. (81®) 
at 760mm. (Gartenmeister, Elsasser, Schumann); 
(82-6®-88®) at 763-4 mm. (Schiff). S.G. R *925 
(G.); I ■9184 (E.); ® -9188 (Pierre a. Puchot); 
if -9099, M '9003 (Perkin); -8075 (S.). C.E. 

(0®-10°) 'OOISW (E.): (O^-SO^) '0246 (Pierre a. 
Poohot). S.V. 108-7 (8.); 108-3 (O.)! 106-8 (B.). 
H.P.p. 102480. H.F.V. 100160. M.M. 4-534. 
A’ 4-486. 8. 2-2 at 22° (Traube, B. 17, 2804). 
Critical temperatme, 261-i (Pawlewaki; Pierre 
a.Puohot,A.163.262; 163,271). , 

Isopropyl cthsr PrA'. (68°-71°). S.G. 2 
-8826 (Pribram a. Hand], M. 2,686). Speoiflo 
viscosity 81-6 at 10-4°. 

cthsr HCO,O.H.. (104°-106») 
at 789-4 mm. S.G. 2 -9068. Speciao viscosity 
63 at 1®° (Pribram a. Handl, ibid. 692). 

Uobutyl ether. (97-9°) at 760 mm. 
(Sobnmann, Blsdsser); (98-6°) at 769-8 mm. 
(Sohiff). S.G. I -8864 (E.) -, 2 -8845 (Pierre a. 
Puobot) i -7W (S.). S.V. 127-0 (G.); 130-7 
(8.) J 129-9 (E.). S. 1 at 22° (Traube, B.el7, 
2804). OJB. (0°-10°) -00112 (E.-, cf. Pierre a. 
St,ll WUSI). HJF.p. 106.700. p.v. 
108,800. A* 4-064 (S.) (Worts, A. 98,121). 

Iso-amyl cthsr aOOfi,B„. Mol. w. 116. 
(128-8°i at 760 mm. (Sohumami, Somn, El- 
mo.4°) (Gartenmeisteri. S.G. f -9018 
[’-8944 (E.) ; ? '8802 fflrftl) ; llf-l -7664 


(8.). S.V.168-2 (8.): 160-21 (B.): 160-5(0.). O.B. 

OrUuoal temperature 804-6. A 4-149 (8.)- Pre¬ 
pared^ distillation of glycerin, oxalic acid, and 

‘"“h5»V» •<»••• HCO.OA,. (168-6°) 
meister) i (146°) (Prentsol). ®-®- J ;L (?^L' 
11-8496 0?.). S.V. 173-8 (G.). C.E. (0°-10 ) 

00106 (O.V 


Beptyl efierHCOAH,,. (176-7»)i«tetm- 
meister). S.G. f -8987 (O.). S.V. Im (G.). 
O.E.(0°-10°)-00097. 

Cetyl ether HOOlOAi,(198’1“) (»■)• B.O. 

8 -8929 (O.). S.V. 230-8 (G.). OJ). (0°-10°) 
•00096. 

A llyl ether Mol.w.86. (82*88®). 

S.G. tf *9822 (Tollens, Z. 1866,618; 1868,441). 
HJ'.p. 66,020. HJ'.t. 63,280. Formed as a sub* 
aidiary product in the preparation of formic acid 
from glycerin and oxalic aoid when the mixture 
is not too strongly heated. 

Phenyl ether HCO,Ph. (180® with ^ 
composition). Phenol and formic acid (eqniv. 
pts.) are heated at 80® and POCl, (4 equiv.) 
slowly added (Sbifert, J.pr. [2] 31,467). 

O&THOxomfio ACID. As stated above, though 
ortboformic aoid HC(OH)| has not been isolated 
as such, its ethereal salts are stable compounds, 
prepar^ by heating chloroform with the al¬ 
cohol in presence of an alkali metal or hydrate 
CHCl,+3RONa - SNaCl+CH(OB), (WUliamson 
a. Kay, Pr. 7,136). 

Methyl ether HC(OM 0 ),. (101®-102®) 
(Deutsoh, B. 12, 117); (102®) (Pinner, B. 16, 
1644). S.G. 82 .974 (D.j. V.D. 62-69 (obs.). 
H.F.p. 130,460. H.F.V. 127,270. Prepared from 
methyl alcohol, chloroform, and sodium. 

Ethyl ether HC(OEt),. {145®-146®) (Kay); 
(146®-148°) (Ladenburg a. Wicbelhaus, A. 162, 
164); (147®-U9®) (Deutsch); (146®) (Pinner). 
S.G. -894. 

Formation.—1. From chloroform and sodium 
ethylate (Williamson a. Kay).—2. By decompos¬ 
ing the hydrochloride of fonnimido-ether with 
alcohol (Pinner). 

Preparation.—1. Sodium ethylate free from 
alcohoHs mixed with a little ether and chloro¬ 
form added slowly. The mixture is wanned on 
a water-bath, then distilled and rectified over 
CaClj (Stapff, Z. 1871,186).—2, Sodium (7 pts.) 
is added gradually to a mixture of CHClj (12 pto.), 
absolute alcohol (14 pts.), and a little ether 
(Wicbelhaus a. Ladenburg, A. 162,164; Deutsoh, 
B. 12,116; c/. Bassett, C./. 2,198). 

Properties.—Liqaid of aromatic odour; liquid 
St ~ 18 ®; V. sol. water. 

Reactions.—!. Heated with acetic acid it w 
decomposed into formic acid and etiiyl acetate 
(Sawitsch, J. 1860,391).—2. By sodium ethylate 
it is converted into CO, alcohol, ether, formic 
aoid (Bassett).-3. With bromine it gives BtBr, 
alcohol, ethyl formate, andf ethyl ^bon^, 
according to the equation; 2HC(OEt)j+BTj 
-.2EtBr*fHCO.pSt-fCO(OEt), + BtOH. 

Dimethyl ethyt ether CH(OMe),OEt 
(116®-120®). Prepared by mixing the hy^- 
chloride of formimido-ether with methyl alcohol 
L(Pinner, B. 16, 366). 

^ Tripropyl ether CH(OPr),. (196Mm 
(Deutsch); (194®) (Pinner). S.G. ^*879* 

96*64 (D.). 

Dipropyl methyl ether HC(OPr)j|OM^ 
•(181®) (P.). * * 

Dipropyl ethyl ether HO(0^)jOEi, 
(186®) (P.). . / ' 

Dimethyl propyl ether HO(OMf^,OP»- 
(162°) (P.). i ' ■ 

Diethyl propyl ether BC(OEf)A^’ 
(167°) (P.). * ' 
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[ 220 °- 

>)• 


Dipropj/t iltonyl ttktr 
HO(OftW)C.H„. (226*) (P.). 

Propyl d\‘i$obutyi tthtr 
HOroPijjOOA), (208°) (PJ. 

Tri-uotutyl $fh$r 80| 

122°). &Q.51-861. VJ).U4'_ 

Dihutyl iioamyl tthtr 
HC(p0A).(00^.,). 1282°) (P.). 

Di-iioamyl ethyl ether 

HC{OC,H,,),OCA- (2«4°)ff.). 

Triallyl ether CH(OC,HJ,. (196°-206°). 
Prepared from aodiom (16 g.), allyl alcohol 
(86 g.), and chloroform (24 g.), dilated with 
doable Us Tolnme of petroleum (Beilstein a. 
WiMand). 

Phenyl ether OH(OPh),. <[72°] (Tiemann, 
B. 16, 2686) : [76»-77°] (Anwera, S. 18, 2667). 
(270° at 66 mm.) (T.). Long needles; insoL 
water, aol. ether, chloroform, and benzene. 
Formed by the action of chloroform on alka¬ 
line phenol solution. Beadily decomposed by 
acids, not by alkalis. 

o-Nitro phenyl ether CH(OC,P 4 NOJ,. 
[182°]. From chlorofonn(2 mols.) and potassium 
«-nitro phenol (3 molsd, heated to 160°, Yield 
small. Needles (Weddige,/.pr. [2] 26,416). 

p-Bitro phenyl ether. [232°]. Needles. 
Prepared as above (Weddig^. 

Formamide OH^O s.e. HCONElr Amide of 
formio aeii. _ MoL w. 48. (192°-196°) with de¬ 
composition into carbonic oxide and ammonia; 
(140° in vacuo) (Hofmann, C. J. 16,72); (208°) 
(Olsisana. Matthews, C. J. 41,261); (160° tn 
tuctio) (Schulze, J.pr, [2] 27,616). 

Poniiofion.—1. By heating ethyl formate 
with ammonia (Hofmann).—2. By heating am- 
amninm formate together with urea at 110° 
(Berend, A. 128, 836): 2HCO-NH, + CO(NH,), 
-2HOO,NH,+ (NHJ,COr-8. By the action of 
sodium-amalgam on a solution of potassium 
eyanate (Basarow, B. 4, 409).—4. By the action 
a strong faming Hd on HCN (Claisen a. Mat¬ 
thews). 

Pnparafton. —1. Ammoniumformateis heated 
at 280° lor 6ve hoars under pressure, yield 
Ttp-o. of theoretical (Hofmann, B. 16,980).—2. 
By heating dry formic acid (66 g.) with am- 
monimn snlphocyanide (31 g.) for two days, 
and than distilling in vacuo. Yield 71 p.c. 

iVopertiw.—Liquid, soL water, alcohol and 
ather. 

Beaeti<m.—l. Decomposed by alkalis in 
the cold with evolhtion of NH,.—2. Split up by 
PCI. into CO and a Uttle HCN (Wallach, B. 16, 
lid.—8. With PA it yields HON (Hofmann). 

4. It absorbs dry Hu iirths cold with formation 
of a crystalline addition product, which at a 
higher temperature is completely resolved into 
KH,01 and 00.-6. With bromine in equi- 
mohwnler proportions in presence of soda ii 
tonus aetystaUinebromo-derivative HCONHBr, 
decomposed into HBr and H,0,N,O, (Hofmann, 

5. 16, 768L— 6. With ethyl aceto-aeetate in 
jwesenee of sine chloride its yields di-methyl^ 
ethyl-pyridine oariwxylio ether (Canzoneri s. 

0 . 14,448)7 

Xethyl-formamide HOONBlto (190°) 
S.H.Hl‘011. Formed by evaporatiog an aqne- 
eossmotion vt methylanb formate, and distQ- 
lingfiiatesidae. Idqiiid,sal. water and alcohol, 
iiM ethic. Daeompoi^ 1^ alkalis and acids 


into formio acid and NMeB .1 by'P.O.iate.CRli 
HON, and NPyie; and^ Soi. 

CO and hydrocarbons (Linnemann, Sifs. W, 
[2] 60,46). 

Ethyl.Jormamiie EOONHBt. (196°- 
197°). S.d. *1 -962. Formed in the same way 
M the above. Liquid, sol. water and oloohd, 
insol. ether. Besembles the above in its re¬ 
actions (Idimemann, ibid. 48). ' 

Diethyl-formamide HOONEt, (176°- 
178°) (Linnemann. Site. W. [2] 60,61); (178°) 
(Wallaob a. Kamensky, A. 214, 240). 8.0. O 
•908 (L.). Prepared by distilling diethyl-amine 
formate (L.) (W. a. K.), or diethyl-ozamic acid 
(W. a. K.). Ltquid, sol. water, but separated by 
KHOandEjCO,. 

Salt.-(B'HC1)^101,: yeUow pn. 

Beactions.—\. With acids, alkaUs and ZnCl, 
it behaves like the above compounds (Linne¬ 
mann}.—2. PCI, gives HGOljNEt, which splits 
up thus 2HCOI,NEt, - 8H01+0„,H„C1N- The 
product is a base forming a salt (B'H01)jPtCl, 
and decomposed when heated with formation of 
pyrrole (Wallach a. Kamensky). 

laopropyl-formamide HCONHFr. 
(220°). From isopropyl-carbamine and HCl in 
the cold (Oautier, A. 149,168). 

Ph<»pl-/ori7«oi»ideHOONHOA- Form- 
anilide [46% 

FormatUm.—'Bj distillation of eqnimole- 
enlar proportions of aniline and oxalio acid 
(Gerhiurdt, A. 60,310; Hofmann, A. 142,121), 

0AA+NH,Ph = HCONHPh + CO, + H,0. 

Preparation.—By heating aniline and formic 
acid (equimols.). The product is heated on a 
water-bath nnder reduced pressure to remove 
the water, then distilled at ordinary piessure up 
to 260°. The contents of the retort are then 
poured out (Tobias, B. 16, 2443,2366; Wallach 

а. WOsten, B. 16,146). 

Propertiee.—Long needles or four-sided 
prisms, m. sol. water, sol. alcohol; exhibits 
phenomenon of superfusion. 

Beactione. —1. Decomposed by dilute acids 
into aniline and formic acid.—2. Split up by 
concentrated HOI into benzonitrile HCONHPh 
^ PhCN + H,0.—3. If gaseous HCl is passed in 
at 100° the amide is decomposed into formic 
acid and dipbenyl-formamidine CHNIOiNHPh. 

4. By oono. HjSO, it is decomposed into CO and 
amido-benzene p-snlphonio ooid.—6. With sine- 
dust it yields CO, CO„ H„ aniline and benzo¬ 
nitrile (Oasiorowski a. Merz, B. 18, 1002).— 

б. Heated with phenyl cyanate.at 180° it yields 
phinyl-oarbamine, di-phenyl-urea and CO, 
(Ktilm, B. 18,1477).—7. Converted to alcoholic 
solutions of alkyl bromides (1 mol.) foUowed by 
alcoholic KOH (1 mok) into alkyl-formanilides 
(Pictet a. Cripieux, B, 21,1106). 

Sodium formanilidc HOONNaPhaq. 
Formed by adding cone, soda to formanilide 
(Hofmann). Olhtening plates; v. si. soLalcohoi; 
decompose by water (Xobisi, B. 16,2448). 

Nitroeo formanUide HOON(NO)Ph. [89°]. 
Formed by passing nitroui acid into a cooled 
solution of formanmdc in ocetio acid. Ydlowiib- 
white needles, v. loL water; readily dac^posed. 

Methyl-farmanilide HCOSMsPh (P.); 
(268°) at 716 mm. (P. a. 0.1. S.O. ’f 11)97. 
Formed from the hydrochlotids of formimi^- 
cthsr and mcHiyl aniUns, the reaction being 
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* JSSSS' ?H-?HOEt.H01 + NHMePh+H.0 
- aOOmiePh+EtOH+NH.01 (Pinner, B. ft, 

lODV; r* t. 0.). 

Bthyl-forfnaniHd$ U.OO:mxEX. ( 258 ® 
LV,) »t 728 mm. S.Q. y 1*088. 

Fropyh/ormaniUde H.CO.NPhPr. (267® 
LT.) ftt 787 mm. S.G. y 1*044. 

1 ..- H.OO.NPhPr. 

•(268® i.V.) at 720 mm. 

liobutyUformanilidi H.00.NPh.0.Hn. 
(974® iV.) at 731 mm; 

Uoamyl‘formanilid6 H.OO.NPhaH,,. 
(286® i.V.) at 728 mm. 8.0.^1*004. 

Phtnyl-formanilidi HCONPhj. Dt- 
phmyl-formamide. [78®~74°]. pi0®-.220® in 
vacuo). Formed from diphenylamme and formio 
or oxalic add. When heated with ZnOL yields 
acridine (Willm a. Girard, B. 8,1196). 

Formo^o»toluide HCONHCnH.Me. [58®] 
(Tobias, B. 16,2446); [56-5®-67'6®] (Ladenburg, 
B. 10, 112^. (288®) (L.). Formed from o- 
toluidine and formic acid. Glistening leaflets, 
V. sol. alcohol. Decomposed into its constituents 
by dilute sulphuric acid. Heated for some time 
at its boiling'point it yields o-toluidine, methyl- 
ditolylamine, CO, and COm Sodium deriva¬ 
tive HCONNaC,H,Me aq. 

Formo-p-toluide. [45®] (Hfibner, A. 209, 
872); [62®J (Tobias, B. 15, 2446). Formed (1) 
as the above (T.); (2) by heating p-toluidine 
oxalate (H.). Long needles, v. sol. water, and 
alcohol. Converted into the nitrile of p-toluio 
acid when heated with zino-dust (B. 18,1002). 

Formo-m*xyHde. [113®-114®J. Glisten¬ 
ing needles or leaflets, v. sol. alcohol and ether 
(Gasiorowaki a. Merz, B. 18,1011). 

FormS-cumidide HOONHO^HjiMer 
[131®]. Needles v. si. sol. water, sol. alcohol 
and ether (Senier, 0. J. 47, 768). 

ForfnO‘isobutyl‘ 0 -toluide 
HCONHOgHjMeCHaPr [1:2:4J. [105®]. Colour- 
less tables, v. si. sol. water, sol. alcohol and 
ether (Effront, B. 17,2347). 

Formonaphthalidis t. Naphtuyl- 


Formopipsridide v» Pipxbioinx. 

V. H. Y. 

FOBinO ALDEHYDE OH-^O. Oxymethylene. 
Mot w. 80 (observed by BaouU’s method: 84, 
ToUens SeMayer, B. 21,1566). 

Formation. —1. By passing a current of air, 
charged with vapour of methyl alcohol, over a 
glowing spir^ of platinum wire or over platinised 
asbestos; if &e escaping gases are passed 
through a Liebig’s condenser a solution of fonofo 
aldehyde in methyl alcohol will collebt in the 
receiver (Hofmann, Pr. 16,166; cf. Volhard, A. 
176. 128; Kablonkoff, Bh*[3] 88, 379J. When 
platinum foil at 65® is used the yield is 12 p.o. 
(ToUeni, L. V. 29, 855; O.J. 46,293). Bed- 
hot oxide of iron or copper may be used instead 
cf platinum (Ijoew, /. pr. [2] 83, %22; ToUens, 
B. 19, 2188}.<>-2. By decomposing ohloro-methyl 
soetate (9 pte.) with water (1 pt.) by heating for 
30 minutes to 100® (Michael, Am. 1, 418).—8. 
^mmed in small quantities by the action of ozone 
m ooal-gas (Maoquenne, Bl. p] 87,298).—4. In 
naall quantity, tc^ther witn formic acid and 
by the awon of the silent electric discharge 
m a mixture of hydrogen and 0O| (Biodie, Fr, 
19, 278).—8. When a mixture of metbylal 


Ol^(OMe), and HaBO, is warmed, formfe aide* 
nyde is given on, but it quickly polymerises giving 
a sublimate of its solid mo^noation.—6. By 
heating ethylene with oxygen at 400® (Sohdtzen- 
berger, Bl. [2] 81, 483).—7. In the moomplete 
combustion of nitric ether (Pratesi, Q. 14,991). 

Propwtiet. —Formic aldehyde is on^ known 
in solution; by fredfeingthe solution ana remov¬ 
ing the ice an aqueous solution may be concen¬ 
trated until it contains 10 pxj. of the aldehyde 
(Hofmann, B. 11,1686; cf. ToUens, B. 16,1629; 
16,917). The aqueous solution is pungent; it 
reduces ammoniaoal AgNO„ forming, when 
gently warmed, a silver mirror. Whoa warmed 
with aqueous EOH it gives a brownish oil 
and an odour lii® that Mcompanying aldehyde- 
resin. Dilute aqueous NaOH gives formic acid 
and MeOH. After treating the solution with 
HjS and heating the resulting liquid with cone. 
HClAq, gt solidifies on cooling to a dagyling 
white mass of felted needles consisting of 
(CH^S)a. When evaporated with ammonia or 
ammonium carbonate it leaves a residue of 
hexamcthyleneamiue, by weighing which the 
amount of formic aldehyde in the solution may 
be determined (Loew, J. pr. [2] 83,322; cf. Leg- 
lor, B. 16, 1333). A solution of formic aldehyde 
deposits after some time insoluble formic par¬ 
aldehyde or tri-oxy-methylene. 

Beactions .—1. Beadily condensed by strong 
bases, to a less extent by salts with alkaUne re¬ 
action. Calcined MgO has no action. BaH,0,Aq 
gives formic acid and methyl alcohol; the 
is, however, soon neutralised and ceases 
to act. CaHjO,Aq, MgH.O^q, Fe, Pb, PbO, 
many Pb salts, NEt^OH, and many organic 
bases give rise to formoae or methylenitaa 
P j boiling a 7 p.c. solution with tin a 
body resembling formose, called (/3)-formoBe, is 
formed. MgH^O^q at about 100^ gives at least 
two sugars, one of which yields an osazone in 
yeUow needles [152®]. None of these sugars fer¬ 
ment with yeast. NaCl has no action alone, but 
increases the activity of OaH^G^Aq, whilst NaAoO, 
KNO„ and much Cu, Fe, or Sn diminish it (0. 
Loew, B. 21, 270; J. pr. [2] 33, 321; 84, 61; 
Wehmer a. ToUens, A. 243, 340).—2. Beadily 
condenses with primary amines: OH,0 + £^B 
i^HjO + CHsNB. Thus methylamine, aniline, 
o-toluidine, and p-toluidine give methylene- 
methyl-amine (c. 207®), phenyl-methylene-amine 
C^H,N:CHj [138®], o-tolyl-methylene-amin* 
CuH^MeNiCHj, and ^-tolyl-metnylene-amine [c. 
122®} respectively (Eolotofl, Bl, [2] 46, 368; 
ToUens, B. 17, 657; Wellington a. ToUens, B. 
18, 8809). These formula ought, perhaps, to be 
doubled. Primary and secondary bases al^ give 
compounds of the form 0H,t(NHB), and 
C]H,(NBB')„ thus: aniline and di ethyl-amine 
give di-phenyl-methylene-diamine CB,(NHPh)| 
[49®}, and methyAne - tetra - ethyl - diatnihe 
CH,(NBU, (167°) respectively (Pratesi, G. 14, 
868; Eolotoff, Bl. [9] 48,119; Ehrenb^, f,pr, 
[9] 86,118). In th&e condensations with Iwmi 
the parald^yde may be used.—8. Bjr 
with a solution of ammonium chhrido it ia. con¬ 
verted into NMe, and 00, (PlOohl, B. SI, ^17). 
4. Bj heating a 16 p.c. solution of formiq |]d»> 
hyde with ammonium aulphaU on the watsar^M^' 
CO. ia giveh off and the snlnhatee of Moi dii' 
and tn-metbylamine are formed. || 
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«wM at dim$tkxl(mUH 0 hyir()chMS$ lie mb- 
ititBtedtotlieunmpzuBm lolphste trimeih^l* 
amine ii formed in both oases.—S. Tiimethyl* 
amine hydroobloride does not act on fonmo 
aldehyde (PlOoU, B. SI, 3117). 

Phe»vl»yiras»deCH,:N,HOAP)P8^°3'' 

Oolomleas ^imetris tables, formed by adding 
phenyl-bydneine to a eolation of tormio alde¬ 
hyde (Wellington a. Tollens, B. 18,8300). 

Fotmie paraldehyde (0H,0),? 7K-oity- 
methylme. [152°].' 

Formaiim.--l. By epontaneons polymerisa¬ 
tion of formio aldehyde in aqueous solution.—2, 
From methylene iodide by the action of Ag.jO or 
of silver oxalate. Also from nfethylene acetate 
by heating with water at 100° (Butlerow, A. Ill, 
242).—8. By heating osdcinm glycoUate (1 pt.) 
with H,SO, (7 pts.) at 176° (Heintz, A. 138, 43); 
and in smw quantity by beating glyccjlio acid 
at 220° (Heintz ,}. 1861,444).—4. By the action 
of water on ohloro- or di-ohloro-dimethyl oxide 
(MeO.OH,Cl or MeO.CHCl,) (Friedel, C. B. 84, 
247; Butlerow, Z. 1866, 619).—5. By electro¬ 
lysis of a solution of glycol, glycerin, msnnite, 
or glnoose in dilute H,SO, (Renard, A. Oh. [6117, 
803). 

Properfies.—Crystalline mass. Even below 
100° it sublimes, but its melting-point is thereby 
raised from 162° to 172° (ToUens, B. 16,919). 
Formi^araldehyde is converted on vaporisation 
into OH^O^.D. 1'06). It is insoL water, alcohol, 
and ether, out dissolves in cold aqueous NaOH 
or baryta. It is also dissolved by heating with 
water at 100°, being thereby converted into or¬ 
dinary formic aldehyde (Tollens a. Mayer, I). 21, 
1571). Wheuhotithasapungentodour. Heating 
with a trace of H,SO, in a sealed tube at 116° 
oonverts it into ^a)-tri-oxy-methylene ’ C,H,0, 
[6i°], VJ). Ad'S (Hx 1); («)-tri-oxy-methyleno is 
soL water, alcohol, and ether, and reduces am- 
moniacal AgNO, in presence of EOH (Pratesi, 0, 
14,140). l^en a solution of formic aldehyde is 
evaporated over H^SO, there is formed a soft 
substance, v. sol. water, whose molecular weight, 
determined by Baoult’s method, corresponds to 
the formula (OH,0), (Tollens a. Mayer, B. 21, 
8603). 

Beaetioni.—l. FI, gives methylene iodide.— 
3. Bailing with alcohol and some H.,SO, gives 
OH,(OEt)r—8. Boiling lime-water gives formose 
(msmylenitan) (BHtlerow,A.120,296).—4. Heat¬ 
ing with water and MgO at 180'', and afterwards 
at 820S ^ves formic add and MeOH.—6. Ag,0 
gives a ^ver mirror and formic acid (Heintz, A. 
188,823).-«. Cone. HClAq at 100° gives MeCl 
and formio acid (Tischtschenho, J. R. 15,321).— 

7. Dry MH, forme hexamethylene-tetramine 
C,H„N„ which crystallises from alcohol ih 
tbombabedra ; v. sol. wate% sL sol. cold alcohol, 
sfanost insoh ether (Butlerow, A. 116, 322).— 

8. JEtbpfomtne gives (0HA,(NEt),; dbethylamine 
forms OH,(NEtj),: tri-efoyh^mne has no action. 

° Other bgiw act in like manner when heated with 
formic paraldehyde (Bbrenbeq, /. pr. [2] 86, 
117).— 9. CMorint in sunlight forms COCl, and 
HOi (Tisehtiohenko, J. S. 1887.479). Bromme 
gives feemfo sold, BBr, methyl 

brotuids, CO, and 00^—Hh ZnSt,, folfowed by 
l!»ter, gives propyl alCohoL ZnFr, gives, in lika 
msuaer, bn^I olcobbl (TNsehtsehenko, BU [2] 


48, ii3)c-iiL 

resolvea into foniuo add and MaOH or UeOJ fix 
Dry HOI slowly forms {0M),0 (102°..108^.— 
12. Dry HI is absorbed with formation of water 
and (0H,I),0 (219°) (Tisohtachenko, J. S, 1887, 
464).—18. Dry HBr acts in like manner, form¬ 
ing (CH,Br),0 (160°). This body is a pungent 
fuming oil, sol. ether, benzene, and acetone, s 
Water decomposes it into Me,0 and HBr.—14. 
Aqueous HBr and formic paraldehyde at 140° 
give methyl bromide and formio acid. 

Formio orthaldehyde 0H,(0H),. 


Acetyl derivative 0^(OAc),. Methylene 
acetate. (170°)t Formed by the action of methyl¬ 
ene iodide on silver acetate (Butlerow, A, 107, 
111; 111, 242; Bbeyer, B. 6, 1094 ; 6, 220). 
Formed also by treating OHjChOAo with KOAc 
(Henry, B. 6, 739). Heavy liquid, sol. cold 
water, but when heated in a sealed tube for twenty 
hours at 100°, with a quantity of water insuffi¬ 
cient to dissolve it in the cold, it is resolved into 
acetic acid and formic paraldehyde. 

Acetyl derivative of the Methyl ether 
CH,(OMe)(OAo). (118°). From OH,.O.CH.,C1 
and KOAc (Friedel, B. 10, 492). Decomposed 
by alkalis into water, HOAc, and formic paralde¬ 
hyde. 

Methyl ether CH,(OMe),. Methylene di¬ 
methyl di-oxide. Methylal. Mol. w. 76. (42°). 
S.G. °,° -8604 (Briihl, A. 203, 12). Critical tem¬ 
perature : 224°. S. 28. H.O.p. 433,900 (Berlhelot 
a. Ogier, A. Ch. [6] 23, 201). H.F.p. 88,240. 
H.F.V. 86,920 (TA.). Formed by distilling a mix. 
ture of water (3 pts.), H,SO, (3 pts.), methyl alco¬ 
hol (2 pts.), and MnO, (2 pts.) (Kane, A. 19, 176; 
Malaguti, A. 32,66). Farmed also by mectrolysif 
of methyl alcohol (100 pts.) acidided with H,SO, 
(1 pt.) diluted with water (4 pts.) (Renard, A. Oh, 
[6] VJ, 291). Methylal is a liquid. A dose of 
6g. to 8g. produces a hypnotic eSect (Mairet a. 
Combemale, G. B. 104,1022). 

Reactions.—1. Methylal is employed by Baeyer 
(R. 6, 1094 ; 6, 220) as more convenient than 
formio aldehyde in obtaining derivatives of 
methane by elimination of water between that 
aldehyde and aromatic hydrocarbons. Thus, if 
amixture of benzene (120 pts.), methylal (40 pts.), 
and acetic acid (400 pts.) be treated with a mix¬ 
ture of equal parts of HOAc and H,Se, till the 
greater part of the benzene has separated, and 
the whole be then left for twenty-four hours, it 
will be found, after mixing with cold HjSO^ 
(2000 pts.), diluting after some hours with water, 
and shaking up with ether, that di-phenyl- 
metbane has been formed: CH,(OMe),-i-20,H, 
- OH,(0,H J, -r 2HOMe. Methylal may serve as 
a nourishment for algs; under these conditions 
they develop cellulose, but they only develop 
starch in daylight (Loew a. Bokomy, J.pr, [2] 
86, 272). 

Ethyl ether OH,(OEt)p (89° cor.) (G.); 
(83°) (H.); (88°) (P.) 8.G. jg -826 (H.); »-861 
(0.); 2 -840 (P.). VJ>. 8-44 (H.). Prepared by 
the action of sodium on a solntion of methylene 
chloride in absolute alcohol (Greene, A. 0. /. 1, 
622; Bl [3] 46,164 ; 0. R. 89, 1077). Formed 
also by treating OHji with NaOEt (Henry, BL 
[2] 46, 887 ; 0, B. 101, 699) ; and by dUtilUng 
fnmie paraldeliyde with alcohol and a little 
B,SO, (!hat«ii7« 18,818). MoUle liquid, with 
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„ OH.4e.O,H,Me),. [32a 

B. O. 1*010. From methylene ohloride and the 
flodinm deriyative of o-oreeol (Axubold. A, 240 
202 ). 

Di^m-tolyl ether CH,(00^,Me)- [45°]. 
<aboTe860»). 8.0.4^1*05^ 

Di’p-tolyl ether CHj(00,H.Me)- [40*1. 
{above 860*). S.G.Mi-osd. 

Di-thympl ether 011^(00,.H,,).. [06°]. 
{above 860°). 8 . 0 . 42 . 979 . 

Formosa OgHi^O, dried at 90°. From formio 
aldehyde by adding oold milk of lime to a 4 p.c. 
eolation, filtering, and leaving the filtrate to 
stand for some days (Loew, J.pr. [2] 33,828). 

Prcyerfiaj.—Syrup, si. sol. ^cohol, insol. 
c4her. Sweet taste. *055 g. reduce 10 0 . 0 . of Feh- 
Irng'i solution. By heating at 100°-120* for 
five days it becomes ‘ methylenitan ’ 
which has a bitter taste, and has only one* 
fourth its reducing power. Prevents the precipi* 
tation of duprio sulphate by potash. Hot cone. 
HGl turns it brown, as it does cane-sugar and 
levulose, but not glucose; the filtrate can re¬ 
duce Fehling’s solution [Wehmer, B. 20, 2614). 
Cold milk of lime slowly destroys it. Warm 
alkaline solntions of picric acid are turned 
red, and indigo is bleached, as by glucose and 
levulose. Warmed with cone, alcoholic resorcin 
4 ind HGl a ruby-red colour is produced; cane- 
sugar, levulose and glucose give paler colours 
(Ihl a. Peohmann, £7. 0. 1885, 761). Aqueous 
pyrogallol and HGl act similarly. Gone, alco¬ 
holic diphenylamine and HOI give a brownish- 
violet oq)our on warming. Sohifi’s reaction 
gives no colour with lormose. Formose can un¬ 
dergo lactic but not alcoholic fermentation. It 
is, however, accompanied by a sugar that can 
undergo alcoholic fermentation (Loew, B. 22, 
470). Alkaline diazobenzene sulphonio aqid 
gives a red colour, as with carbohydrates and 
aldehydes. Phenyl hydrazine reacts thus: 

C, Hj A+2N..H,Ph - 0.,H§N A+ 8 ELO. The 
prodnot orystaUises from dilute alcohol in slender 
needles. Plants which readily produce starch 
from glucose, cane-sngar, mannite, and glycerin 
do not produce it from fonnose fW*). When a 
solution of lormose (10 g.) in water (1 litre) is 
boiled for a long time, the produot extracted with 
ohlorofOTBt, ana the residue after evaporation of 
the ohloroform treated with alcohol, aniline, and 
«little HOI, an intense red colour characteristic 
of terf orol is pr^uoed. This reaction is ebarao- 
teristio of sugars. In faot, when formose ii di* 
seated with 1 p.o. snlphaiio acid at 100 *, more 
rarfoiol ii formed than from other sugars {Loew» 


maintains that ^itBose is 

M thm l«mg h 6 artifloW .ugar from aTciS! 

“• P>>“5’J-h7a«»ide 

[41^ (PiMhat a. PaBsmore, B. 22 , 859). 

Hatbylmitan O.H,. 0 ,(?). Obtainad by tha 
aotion of toe water on formic aldehyde or mra ' 
dehyde (Batlerow, 4. 120 , 296; 0. B. 63 , 145 - 
tT’ 83, 821; 87, 203; Wehier a. 

Snri product ia eaturatad 

with 00 „ ffltered, and evaporated, Formed alao 
by the action of heat upon formose. Amorphous 
gummy mass, fias a bitter taste. Does not 
react with phenyl-hydrazine. Sol. alcohol. When 
boiled with Fehling’s solution it reduces only 
one-fourth as much CuO as glucose does. After 
boiling mth dilute acids the reducing power is tha 
same. It is optically inactive. It does not un¬ 
dergo alwholic fermentation. When boiled for 
a long time with dilute HjSOi it gives formio 
and acetic, but no levulio acids. It has no action 
on cold CaOO|, but dissolves it and gives off 
CO, on heating. According to Loew (/. pr. [2] 
88 , 842), methylenitan G,H„0, is the sacohaiin 
of formose, and may be got by heating formose 
with lime or baryta and water at 70*-100°. 

Pieudcformose. Got by boiling formic alde¬ 
hyde in *7 p.o. solution with tin (Loew, /. pr, [3] 
84, 51). ^sembles fonnose in most respects. 
Differs from formose (1) in giving orange, not 
violet, colonration, with resorcin, HOI, and alco¬ 
hol; (2) 10 0 . 0 . Fehling reduce ‘052g.; ( 8 ) in 
forming the pheovl-bydrazine composed more 
quickly. Pbenyl-nydrazine forms an osazoae 
[123*]; when this body is heated for 30 hours in 
alcoholic solution at 100 ° its melting-point is 
found to have risen to 148°. 

{^)•Fo^mo 8 e. Formed when a *1 p.o. solu¬ 
tion of formio aldehyde is boiled for 6 hours 
with much tin (Loew, B, 21, 270). Thick, 
sweet, non-fermentable syrup; does not become 
brown at 100°. It yields humous substauMS 
with HCI. Turned brown by potash. Its solu¬ 
tion in alcoholic HGl yields a wine-red colour 
with resorcin and a steel blue colour with di- 
phenylamine. 10 o.c. of Fehling’s solution art 
reduced by *0739 of (i 8 )-formo 8 e. Its phenyl- 
hydrazide or *osazone’ G,gH.„NA crystallisM 
in small yellow needles [148°]. 

Two other formoses or *non-fermentable 
sugare are said by Loew to be formed by heat¬ 
ing formio aldehyde, 3 pts., at 100* with an 
ac^ueoua solution ( 1000 * pts.) of magnesia ob¬ 
tained by treating a 7 p.c. solution of MgSO. 
with litharge. One of these gives with phenyl 

drazine an osazone crystallising from b^zent 

yellow needles [153°]. 

Isomeride of Fownose (?). In the ^bolro- 
lysjB of glycerin (30 vole.) acidified with H 1 SO 4 
(9 vols.}, dilated with water (20 vole.), uet« 
^ formed, together with formio paraldwfde, n 
syrupy isomeride of formic al d^hyde. It blmteht 
at 90*, giving an odour of burnt sugar, is v. 
e« sol. alcohol and water, is nnfermttitalm^ rt- 
ducts Fehling's solution and anunoniaoal A|nOx« 
Its solntimi is ppd. by ammoniaoal lead nistMu 
but not by lead snbaoetate. EKOiOsidiiBiil Ki 
oxilio awd. Baryta added to ittaloOh^ei^ < 
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tioa^ptii(OA,OJ,8BaO. Thia bod; b perbapi 
idaaboal with-formoM or methylemUn. 

70BK-Ilfa).Alin>E V. FoaiuiaDiiii. 

Form-ath]rl4BdA.«thyl-ai>Uo «, a-si-Eian.- 

rOMUKISIBl. 

^^BX-nas-si-STEn-Aiaia •. u-di- 

mH-HHSO-EIHSB 0|B^0 U 
NH:OH.OEt.(80°)? Hylr^lotide B'HOI. 
Formed by the aotion of gaseoas Hd (3 mob.) 
on dry (1 mob) mixed with aloohol (1 mol.) 
in 0 freexing mixtoie (Pinner, 3. 16,664,1C44). 
Qlittering priams. Very onetable, decomposing 
on keeping with formation of NH^Cl. With 
aieohol it gives NH^Cl and orthofomuo ether. 

ibor tioiii.—l. Decomposed by heat into 
EtOi, foimb ether, and the hydrochloride of 
fotmamidine.—2. EOH separates a smali quan- 
tiW of 10 oil (80°).—3. Alcoholic NH, in the 
cold gives formamidine.—4. Dimethylamine 
forme NH:CH.NMer—6. Methyl-aniliSe forms 
OANUe(OHO).—6. Phenyl-hydrazine forms 
7. An alcoholic solution of NEi^H 
slowly forms a base C„H„N, which forma 
• platinochloride B'j^^tCl, [153°] crystallis¬ 
ing in flat prisms dinner, 3. 16, 1660; 17, 
180b—8. NaOAc and Ao,0 give NH;CH.OAo 
[TOT which crystallises from ether in short 
prisms, v.sol. ordinary menstrua. 

FormimlAo-methylene ether (NH:CH0),C^ 
Hydrochloride B"2HC1. Formed bypassing 
HOI into glycol (1 moL) and HCy (2 mob.) diluted 
with ether at 0° (Pinner). 

lOBHIllS. Formyl derivatives of poly- 
hydric alcohols. They are described nnder the 
aloobob from which they are derived. 

FOBK-lIETayi,.IUID-l[£IHTI,.AUIII£ v. 
ni-lIxron,-ros»si(ini)ix. 

FOBXO-CVIIIBIDE o. CouiODix. Formyl 
derivatives of bases are described for the most 
|art^both nnder Fonino sow and under the 

FOBKOOUABAIOHE 0,H,N,. [above 350°]. 
Formed together with CO„ ammonia, CO, and 
water by heating guanidine formate at 300° 
Wenoki, 3. 7, 1684J. Trimetrio needle.s, with 
feeble alkaline reaction. V. sol. hot water, si. 
Boh aloohol. Uay be sublimed with partial 
carbonisation.—^BdlCl: trimetrio plates. — 
BYHJPtffl,.—^B'HNO,: needles or prisms.— 
B'H,C|0,: grannlor-crystalline pp., insol. cold, 
ah sol. hot, wate r. 

FOBKO.VAPBTHAUBE t). Formyl derim- 
the of NssHTantUONX. 

FOBXOBB b. FpBxro sldshtde. 

FOBHO-TOBUniB t. Formyl derivative of 
Tonumma. 

IOBlI.FHEl[TL-Iia]>.FHESYL.AHll>E o. 
H-PBiitTL-raBiiAinnrax. 

FOBHTTIJE. Symbob have been in use !n 
dtamiatry from the earliesbperiod of the science, 
hat as knowledge has grown their meaning has 
become deqier and deeper; and the difference 
jbetwea the significanoe of the earliest symbols 
" and of the elaborate ehemical formulss of the 


pfssent is as great as the differenoe between the 
Jaunrlsdge of ohemioal phenomena possessed by 
tbeearliattohaonists, and that possessed by the 
tfiemists of to-day. The first attempt of any 
is^ortaaoe to represent moio than the name of 
tnManae inw tbht at ;0asseng(ata and Adel 


in 1787. XhassohemlatsrspNseBiaittUineiars 
by circles, in whioh were wntten the Ant btWrs 
of the Latin names thus; Capper lead v. 
All alkalis and alkaline earths were represented 
by triangles placed in different positions; oxy- 
gen by a horizontal line, die., dc. The compo¬ 
sition of compound subetanoes was represented 
by placing side by side the symbols of the ele- 
mentarysubstanocs contained in them. Tfaissysw 
tem was recommended by Lavoisier, BerthoUel, 
and Fourcroy in a report made by them to tha 
French Academy in 1787, but it was not generally 
accepted. The next suggestion of importance was 
I made by Dalton in 1808. He represented the 
atoms of tha elements by circles, and distin- 
I guished them by various additions. Thus, hy¬ 
drogen was represented by ©, oxygen by Q. ni- 
trogen by :J, sulphur by $, do. The oomposi- 
tion of compounds was represented by placing 
side by side the symbols of the elements of which 
the compounds were made up. Thus, water was 
represented by the symbol OO, ammonia by 
(10, nitrous oxide by l Odi. dc. The present 
system of symbols was introduced by Berzelius. 
They are based upon the atomic theory, each 
symbol of an element being intended to represent 
an atom of an element As is well known, the 
symbol of an element is the first letter, or the 
first letter and some other letter, of the name of 
the element. In many cases the symbol is de¬ 
rived from the Latin name of the element 
The composition of compounds was repre¬ 
sented by writing side by side the symbols of the 
elements which were in combination. The sym¬ 
bol of a compound was thus an expression of the 
view held regarding the structure of the com¬ 
pound. As H represents an atom of hydrogen 
and 0 an atom of oxygen, the symbol HO for 
water meant that what was then called an atom 
of water was made up of an atom of hydrogen 
and an atom of oxygen. So far as it represented 
that water is made up of hydrogen and oxygen 
in the proportion by weight of 1 pt. of the for. 
mer to 8 pts. of the latter, it represented a fact 
in regard to which there could be no dispute. 
But when it was interpreted as meaning that an 
atom of hydrogen is in combination with an atom 
of oxygen, a definite theory in regard to the struc¬ 
ture of matter was involved. The difficulties 
in the way of determining atomic weights have 
been referred to in previous articles (v. Atohio 
AND uoLEouLAB wEioDTS, vol i.). Until tfis in¬ 
troduction of the metheffi of Avogadro, and that 
of Dulong and Petit, for the determination of 
atomic weights, there was much difference of 
opinion in regard to the figures to be adopted, 
and, therefore, the symbols did imt always re¬ 
present the same thing. At the present time 
most chemists are agreed as to the system of 
atomic weights, and the s^bols of the elements 
now in use are intended to represent atomic 
weights as dsbermined mainly by the methods 
of Avogadro, and Dulong and Petit. These 
atomic weights are strongly confirmed by the 
discovery of the periodio law, which would be 
meaningless with any other system than that 
now generally adopted. There are some chemists 
in Franee who nfnsa to aeospt the atomi« 
weights, and tbs symbola used by them do not 
mean the tame tmng M thois used by othsf 
ebemista, 
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aoMpted theory of the straoln™ «? 
intended to te^whaUta,°‘””al“““«---« » 
oomhined to make the smaUee? 
compound wWoh exhibits the proSeJ of that 
jornm^d. This smallest partieK th" com 
pound IS oaUed a molecule. The 1 

1.S intended to represent a moleoule. In the ease 
of gaseous oomppunds. or of oomponnds Xoh 

dsMmposition, we have, of course, the meS of 

ihen^lh^l ‘ 4™fadf0 8 law. The methods, 
then, which are involved in the determination of 
molecular formula are these ? (1) the substaSco 

weight 

must be determined. The formula must express 
the results of both determinations. To show 
“"“PlewiU suffice. LcT 
n» '’«‘?'““e the molecular formula 

of water. The analysis shows that it consists of 
hydrogen and oxygen in the proportion of 1 pt. 

“U'?®.'”™" t® ® P‘8- hy weight of 
the latter. This is a tact involving no specula¬ 
tion whatever, and any formula adopted must bo 
in acoordaiico with this fact. The next step is to 
determine the spooific gravity of water vapour. 

“8 spociBc gravity is 
0-623. This gives the relative weight of the 
molecule of water, and, adopting the usual stan¬ 
dard, it shows the molecular weight of water to 
be 18. The atomic weight of oxygon has been 
shown to be 16, if that of hydrogen is 1, so that 
we now haye all the data for writing the mole¬ 
cular formula. A molecule which oonsists of 
hydrogen and oxygen in the proportions men¬ 
tioned above, and the weight of which is 18 in 
temis of an accepted unit weight, must con¬ 
tain 3 atoms of hydrogen and 1 atom of oxygen. 

This is expressed by the formula H,0. A mole¬ 
cule thus made up weighs 18 times as much as 
an atom of hydrogen, or the molecular weight of 
the compound is 18, the 18 pts. being made up 
of 16 pts. of oxygen and 3 pts. of hydrogen. 

Thus me formula expresses the results of the 
analysis and of the determination of the specifio 
gravity of water vapour, and these results are 
interpreted in terms of the molecular and atomic 
theoiy and the law of Avogadro. This is true of 
•very formula of a gaseous substance. 

As regards the molecular formulio of liquid 
and solid substances we know but little. Many 
facts indicate that the molecules of liquids aad 
solids are much more complex than those of gases, 
butno altogether satisfactory method hasyetbeen 
disaavered for determining^he molecular weights 
of snoh substances. Among the feats which lead 
to the conolusion that the molecules of liquids 
and solids are complex may be mentioned, the 
not uncommon observation that fust above the 
boiling-point vapours bare a greater specific 
gravity than at a higher temperature. It is not 
probable that the moieoulea of liquid and solid 
snlpbnr contain lets than six atoms. The exist¬ 
ence of allotropio modifications of the solid ele¬ 
ments snlphur and phosphorus it probably iMst 
explained by assuming that the moieonles of flie 
aUotnpIcmodiflsationscootain difEsreatnumbetc 
•(MonM. 
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the e»reSl“- .~lt.tion^!^^ 
stated provisioraUv “"““"oh has been 

quantitL°™remfcal^,& 

portional to the moleculw wetehS’T'"*' P”* 

the hqnia several of the simple mol“aleSte 

tively say, but probably they do. So also, lAm 
the liquid water becomes solid ice, it is not im 

£s“pteo^‘ ^ ®' “®t““l®8 

““‘der the case of a solid compound 
"T®*!®®“’'«rte4 imo vapour, our 
formula plainly cannot express the moleoulat 
weight at all. In writing the formula of sodium 
ohlorido NaCl, wo do so because that is the 
simplest formula which will express the fact 
that the compound oonsists of 23 pta of sodium 
and 8o-6 pts. of chlorine. But the formula 
Na-Clj, NsjCl,, Na,01,. *o., express the results 
of analyses just as well, and at the same time 
are probably nearer the truth than the simpler 
one. The time may come when it will be ne^- 
sary to express the molecular weights of solids 
and liquids, as well as of gases, in chemical for¬ 
mula. At present, so far as the facts which -we 
generally have to express in our formula ate 
concerned, it is not a matter of any special im¬ 
portance whether wo know the true molecular 
weights or not. Indeed, it is not improbable 
ttat, oven though the moieoulea of soUds and 
liquids are comparatively complex, they are re¬ 
duced to the simple forms under the conditions 
under which chemical action takes place. Thus, 
when a solid or a liquid is dissolved, probably 
the complex molecules of which it is composed 
are broken down and become simple in the 
dilute solutions. This would be in accordance 
with the fact that solutions act readily upon one 
another; and it is in accordance with recent 
work on the electrolytic* conduction of salte in 
solution (u. Phvbiou, hxthoss). 

From what has been said it is Clear that we 
%ava to distinguish between moUculor/omuUa 
and eampontirm-formula, the former being ap. 
plicable only in cases of gases, the latter teiiig 
used in cases in which molecular formula oAnnot 
be written owing to a lack of knowledge Of the 
Isots. In both these kinds Of formula tha 
atomic theory is involved- , . * 

But ohemists have come to excess ibadi 
mote by their formula than the eompoidtiott 
and the moleoulat weights of eomponnda. 
exptsss views in regard to the arcsagsr~^ 
re&tianl of foe parts whioh are in eanb 
XsMMt foe aloiw foeoty nor foe I 
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pomvLA 


Arogtdn has aoy direoi ooBnexioQ with tha 
atrangemeot of thsfarts oonstitating amoleoole. 
AH that the lotmai claims is that, when chemical 
action takes place, it takes place between certain 
minute particles called atoms; that when an act 
oi ohemical combination occnrs two or more 
atoms combine. The hypothesis of Arogadro goes 
one stop farther. According to it the particles 
formed by the combination of atoms,«.«. the mole- 
coles, bear snch relations to one another that they 
always require the same space lor the same num¬ 
ber, no matter what their composition may be. 

As a result of the study of the ohemical 
changes of compounds, howerer, chemists have 
come to hold certain views in regard to the 
relations of the parts, or atoms, which enter 
into tha eomposition (rf molecules. Formuln 
which express these views are called in general 
rational formula, or constUutioml or structural 
fornttHa. Bational formula hare been in use 
in chemistry for a long time. Lavol8ie!'’B studies 
on oxygen and the phenomena of combustion led 
him to ascribe to that element adegree of supreme 
importance. According to him the oxygon was 
the chief constitnent of every componnd. It was 
oxygen which made acids what they are, and 
oxygen which made bases what they are. When 
a salt is formed the acid and base unite, and the 
salt consists of the two parts in combination. 
Thus potassium nitrate is EO.NO,, sodium sul¬ 
phate NaO.SOi, <ko. These formula not only ex¬ 
press the composition of the compounds which 
they represent, they express the view that the 
salts consist of two parts, each of which contains 
oxygen. The same view was extended to other 
compounds, and the attempt was made to ex¬ 
press the oonstitntion of every compound in a 
similar way. The constitutional formula thus 
introduced were based upon the hj^othesis of 
dualism. They were called dualistic formula. 
The dualistio view found support in a study of 
tha aotianof the electric onrrent on ohemical 
compounds. As compounds are decomposed by 
the electric onrrent into two parts, one going to 
the positive, the other to the negative, pole, the 
view that every compound consists of two parts 
was &08 plainly strengthened. The introduc¬ 
tion of the edeotro-chemioal theory by Berzelius 
led to the ^eral nse of dualistio formula. 
These tormiua were intended to represent the 
electro-negative and the electro positive con¬ 
stituent of each compound. For a long time 
these formula tvere used exclusively, and in 
some books even at the present day they are 
found, t^ngh many facts have been discovered 
which sbmw that the dlectro-chemical theory is 
nnteiuble—at least, in the form in which it was 
put forward by Berzelius («. Duxusu), 

Owing to the complexity of the compound 
of carbon, and the fact that they readily undergo 
changes, the chief studiesevhich have led to the 
views at present held have been made with regard 
to these compounds. At one time what was called 
the thmry of radialss playeAan important paxt, 
and at this time every formula expressed the 
views of chcnusts‘'rMardingtheparticn]arradiele 
or radicles containedf in a oompr^d. These radi- 
elck were graa]M of atoms winch could be trans¬ 
ferred from one compound to another without 
undergoing change of oonvositioa. Aeoording 
to tlM ^ cor^ufolt ctmjgmidi {ThtorU 


dot gepaarfeov rsr^indiiMgen),: •TM!]r.»qoai&l 
compound is mode up of some simple cbinpoond 
conjugated with a complex group. ThnsanilinE 
was regarded as made up of ammonia conjugated 
with a group 0,H„ as represented in the formula 
C,H,.NH,. The sulphonio acids were in the some 
way regarded as made up of sulphuric acid con- 
jugated with vatious groups of carbon and hydro¬ 
gen. Next came tthe theory of types, whidi 
regards all compounds as built according to a 
few plans. The general plans of all compounds 
were found in simple compounds like hydro¬ 
chloric acid, water, ammonia, and marsh gas. 
In saying that ^cohol, for example, belongs to 
the water type it was meant that it may be 
regarded as derived from water by the substitu¬ 
tion of the group 6 A ier a part of the hydrogen 
in water. The relation between the two was 


represented bytheformulagjoandJ0. 

So, too, aniline was regarded as belonging to the 
ammonia type, and the relation between them 

was represented by the formula HjN and 
H' 

C,H,, 

HIN. It will be seen that this method of das- 
H* 

sification or of expressing constitution involves 
the conception of substitution and,t080meeztent, 
the conception of radicles t.e. of complex groups 
playing the part of single atoms. The object of 
a typical formula was to show to which of the 
types a compound was related, and in what way 
it was regarded as derived from the type. It was 
found necessary to refer many compounds to 
more than one type, and this led tb what was 
called the theory of mixed types. The compound 
methylamine may serve to illustrate this. It 
may be regarded as derived from ammonia, in 
which case it must be represented by the formula 
OH,, 

H [ N, or it may with equal right be regarded 

hI 

as derived from marsh gas, and it must then be 
NH,1 


represented by the formula 


H 

H. 


0. Both these 


views may, however, be hsimoni^ and the 
compound represented oa belonging to both 


NlH 

h1„ 

HI®" 

h) 

It is thus seen tliat chemists for more than 
a century have attempted by means of formula 
to express their views in te^d to the constitu¬ 
tion of ohemi^ compounds in terms of prevail¬ 
ing hypatbe8& But the formula thus framed 
were m most esses mote than mere expressions 
oi theory. They attempted to express certain 
facts that were Imown. In the duaUstic formnin 
tha fact was expressed that compounds see 
formed by the won of two parts, la the 
eleotro-dhemloal tonnola the fact was exprssaed 
that eompounds bnai down into two parts 
under ths indasnee of an electric current, la 
the taeaaim rqsssnting eoajugste compound^ 
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aqmaof the aompoQsds thas rapre* 
•antad hAT« prapertica hi^hlf Buggostive of the 
fondamental aobstanoe supposed to be oontained 
In them was recognised •» and in the typical 
formula the fact that the general conduct of the 
oompound represented is like that of the type to 
which it is regarded as belonging is intended to 
be expressed. When alcohol ia represented as 
heloD^ing to the water type, for example, the 
chemical conduct of the two substances is the 
justification for the view expressed. All the 
constitutional formula, then, are intended to 
express facta established by study of the com¬ 
pounds. Everything learned in regard to a 
compound must be in accordance with the 
formula, and must, if possible, find an interpre¬ 
tation in the formula. It weuld be absurd, for 
example, to represent s marked acid as belong¬ 
ing to the ammonia type, unless it could be 
shown that, together with its acid properties, 
the oomponnd ^so has certain properties which 
suggest those of ammonia. 

Let us now consider the constitutional for* 
mule used by most chemists of the present day. 
These, like adl preceding constitntioualformulse, 
are intended to express the facts in terms of the 
previuling hypotheses. The type theory gave 
way to the valency hypothesis which was first 
suggested by Franldand and afterwards elaborated 
by EekuU, Couper, Eolbe and others. According 
to this the cause of the types is to be looked for 
in the atoms of which the typical compounds 
are made up. Atoms difi^er from one another in 
the number of other atoms which they can hold 
in combination at the same time. The so-called 
types are simply representative compounds, il¬ 
lustrating -the forms of compounds possible in 
the case of monovalent, divalent, trivalent, and 
tetravalent, elements. Just as the atom of hy¬ 
drogen is in combination with chlorine in hydro¬ 
chloric acid, so each atom of hydrogen is in com¬ 
bination with oxygen in water, with nitrogen in 
ammonia, and with carbon in marsh gas. This 
view involves the conception of the linlionc of 
aUma» instead of conceiving each molecule of 
water, of ammonia, and of marsh gas, as made 
up of a certain number of atoms all in direct 
combination, we now conceive that in these mole- 
oules there are direct connexions between some 
of the atoms and not between others. While in 
the molecules named the hydrogen is in direct 
combination with oxygen, with nitrogen, and 
with ^bon, it is not believed to be in direct 
combination with hydrogen. These viewaareex- 
pwiaed by the following formula:— ^ ^ 

II_0_H or g} 0 or ttOa 

vH fH* M 

S^oiN-^BotNH 

\h Ih -H 

\h Lh 

Si<di of the formula for water egresses exactly 
the nwi ie view, and so do the diserent formula 
for fmmtwfia. mid toi moi^ gas. The facts 
which lead to the acceptance of the valency 
hypothesis have been eoniidsred pretty fo^ in 
the article EQ9ivij4SKai (g. v*) and they need not 


be repeated here. Sofilce it t8 say tiiai thf 
evidence in favour of th&vicw ^at ^'ereare 
definite lines of connexion between the different 
parts of molecules is extremely strong, and that 
without this view it appears to be impossible to 
explain the many oases of isomerism which 
present themselves in the field of oiganio 
chemistry. In ou^ oonstitutional formuhe at 
present we endeavour to state what lines of con¬ 
nexion exist in the moleoulM. These formula 
are based upon the molecular and atomio theory, 
the hypothesis of the linkage of atoms, and to 
some extent upon the valency hypothesis. 

The dlilerence between a typical formula 
and a linkagefonnula is very slight in simple 
compounds, an^when the linkage-formula if 
written without tne use of lines or points to indi* 
oate the connexions between the atoms, it is iden¬ 
tical in appearance with the typical formula. 
It is nevertheless intended to express something 
which the typical formula did not express. We 
may write methyl alcohol:— 

fOH vO-H 

0 or CH,-0-H or ol g or d<g 

LH \h 


Each formula is intended to express exactly the 
same thing, and that is, that of the four hydrogen 
atoms contained in the molecule of me^yl 
alcohol, three are in direct combination with 
carbon alone, and one with oxygen; while the 
oxygen is in direct combination with carbon as 
well as with hydrogen. The formule also ex¬ 
press the relation between water and methyl alco¬ 
hol, but that fact is not regarded as the principal 
one, as it was when the theory of types wasdhe 
controlling idea. While it is not cUffioult to see 
how by means of such formulas it is possible to 
express the constitution of compounds, it ^ not 
so easy to see how, when more than one formula 
if possible for the same compound, the selection 
is made. It is thought by some that, in order to 
express the constitution of a compound, it ia 
only necessary to know the v^enoies of the atoms 
which form the molecule of tne compound, and to 
arrange these atoms in such a way as to satisfy all 
thehypothetioalaOinitiesorbonds. Thusthe con¬ 
stitution of sulphuric acidis written 


by some, because sulpbor and oxygen are divalent 
and hydrogen is monovalent. In this case to be 
sure there are two other ways in which the oon¬ 
stitutional formula may be written on the above 
assumptions. TheyareH—0—8—0—0—0—H 
and H—S—0—0—0—0—H. Sooh formulie, 


however, are oonventional methods of enreising 
certain matters which call for evidence. They ore 
limply the results of the application of the nypo- 
thesis of valency and expraw so m ethi ng in t^iard 
lb which we know nothing until the snbjeet hM 
been investigated, for example, oMi tsU 

without investigatioa whether in sulphuiib n<fid 
iKith hydrogen atoms are in oombiufioii with 
oxygen, or whether one is in Kanhlfiation witih 

diygenandtheotherwithsol^nrT Ont^ewia* 

just as probable a priori as tne other, an%thece 
Is nothing in the hypothesis whidh will |aaable. 
BS to decide between them. And so ii^ SMrt 
other oases. The hypothesis of tiia BbIm at, 
atoms afford us a ready method of eXpasilng; 
Uets which on known to us, but It dossu^ fllip*. 
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Blib Dsvith ih( taoti. Whst kinds oi tuti than 
oan be expressed by means ol the hypothesis, 
and how oan we be<xnne aoqoainted with these 
{acts? 

Answers to these qaestions will best be given 
by means o( examples. There are two oom- 
ponnds known which by the nsoal methods oan 
easily be shown to have the molecular formula 
O^N, Without further information, any attempt 
to express views in regard to the structure of 
these substances would be mere speculation. 
By studying the chemical conduct of both we 
soon reoogmse marked differences between them. 
One of them shows a tendency to decompose in 
such a way that the nitrogen is given off in the 
form of ammonia, while the tsvo carbon atoms 
remain. Thus, under proper conditions this de- 
eomposition takes place: 

+ 2H,0 - CiH.O, + NH,. 

The other compound breaks down in an entirely 
different way, the nitrogen remaining intsombina- 
tion with one of the carbon atoms, and the other 
carbon atom being given off thus: 

CAN+2H,0=CH.N+H,CO,. 

These facts suggest that the carbon and nitrogen 
in these two compounds are held together in 
different ways. In the first it appears probable 
that the connexion is as represented in the for¬ 
mula 0—C—N; while in the second it appears 
that the connexion is this, C—N—C. As regards 
the way in which the hydrogen atoms are held 
in combination, it can be shown that the com¬ 
pounds formed by decomposition of the two bodies 
under eonsideration contain the methyl group 
CH,, which, from its formation from marsh gas, 
is wsily shown to have the constitution repre- 
H 

■anted by the formula H—il—H; or, to be 
more strictly accurate, the formation from marsh 
gas shows that if marsh gas has the formula 
H H 

H-i-i 
i 


-H, methyl is As the ts- 


IsBoy ol Ihs carbon atom is neyer greater than 
four, M hur M is known, it appears that the 
first of the two compounds has the constitution 
H,C—C-N, and the other the constitution 
HaO->N'»0. These formula are in accordance 
with the decompositions above mentioned, and 
they surest tae conduct of the substances. 
Agi^t we methods of formation of the sub¬ 
stances Confirm the oonclusions already drawn 
in regard to their constitution. Both are formed 
when a salt of hvdrocyamo acid is treated with 
a mono-halogen aerivative of marsh gas such as 
meUiyHodideO^L According to the prevailing 
notiona, for whiw there is abundant evident^, 
methyl io^de it marsh gat in which one atom of 
hydrogen has been repla^ by one atom of iodine. 
Ito comtation is therefore represented thus : 

H • 

H-i-L 


k 


Wlufii tfaia ii tra«tad with •Qver 


eyisidt the iilvw ud iadbM units ud the 
r^du* of nutnh gu, ij. methyl, OH,i unites 
witti dieeyutogeD. Tbni ■ oempo^ it formed 


udtieh is npresentsd ^ the fonnnlA &0((ai), 
And, just u the tQver sslt is called atlTei 
cyanide, eo this oomponud would naturally bo 
called methyl cyanide. But, as already stated, 
there are two oompoands formed. One is called 
methyl oyanide, and the oihetmtlhylisocyatudt. 
While the method of formation plainly indioates 
the presenoe of methyl in both oompoands, it 
does not give any clue to the way in which the 
carbon and nitrogen of the cyanogen are united 
with the methyl. According to all wo know con- 
aoraing carbon and nitrogen, either may act as 
a linking element, so that the two possibilities 
suggest themselves which are represented by 
these formula, H,0—0—N and H,0—N—0. 
We do not know whether silver oyanide has the 
structure Ag-O-'N orAg—N—C; as both the 
methyl compounds mentioned are formed by 
treating silver oyanide with methyl iodide, it 
seems not improbable that the salt contains 
both vatielies. However this may be, it is clear 
that the method of formation oi the methyl oom- 
ponnds does not afford us any olue to the 
struotnre of the cyanogen group. Our informa¬ 
tion in regard to this is obb^ed solely by a 
study of the decompositions of the compound. 

For the two formula under disoussion we have 
experimental evidence, and the formula express 
the results of experiments. These results are 
interpreted in terms of the linkage-hypothesis. 
So far these formula are praotically independent 
of the hypothesis of valency. The conception 
that the molecule of marsh gas consists of one 
carbon atom in combination with four hydrogen 
atoms is a necessary consequence of the view 
that the molecule is symmetrical, and this view 
is entirely in accordance with ail facts known 
regarding the compound. This oonoeption is not 
perhaps so much a result of the application oi 
the hypothesis of valency, as of our knowledge 
of the conduct of marsh gas. On now examining 
the tormoiiB for methyl cyanide and methyl iso¬ 
cyanide in the light ol the hypothesis of vsJenoy, 
we see that in that ol methyloyanide, H,0—C—N, 
one carbon atom is represented as tetravalsnt, 
the other as divalent, and the nitrogen as mono¬ 
valent. In the formula ol the isooyanide, 
H,C—N—0, one carbon atom appears to be tetra- 
valent, onemonovalent, and the nitrogen divalent. 
But, as in most compounds carbon is letravalent 
and nitrogen either trivalentorpentavalent,it is 
generally held that in these compounds they also 
act in this way, and the formnlis are written so as 
to indicate this. Methyl oyanide is represented 
^us H,0—C@f, and me isooyanide thus 
^0—NgO, the nitrogen being trivalent in the 
former and pentavalent in the latter. It will 
be seen that the obief reason for writing the 
formnhe in this way ii to account lot the dis- 
tribntion of the hypothetioal bonds or affinities. 
Mo experimental evidence has been fumidied 
in favour of '.hess formols, and, so far as out 
knowledge of foots is oonoemed, tbs simpler 
formulas represent just as mneh as the mors 
oompUx ones. 

The two axamples disonssed will give a fall 
ides of tba methods in use for determining fba 
stmetora or eonstitation of eomponnds and ol 
expressiiig the resnits by means of formula. 
The results reached by a study of tha reaotioos 
of a eomponnd ai« axpreiied by meant of • 
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ttacHon-fortMtla, Those reached by a study of 
the method of synthesis of a compound are ex* 
pressed by means of a synthesis-formula. As it 
18 found that in most oases the reaction-formula 
is identical with the synthesis-formula, the ex¬ 
pression is called a structural or constitutional 
formula. The structure or constitution may be 
expressed by means of a simple linkage-formula 
•in which the connexions between the atoms as 
determined by experiments are pointed out: or 
a vaUncy-fomtula in which an attempt is made 
to express different kinds of connexions between 
atoms. The linkage-formula is based upon ex¬ 
periments; the valency-formula, so far as it 
expresses more than the linkage-formula, is 
almost wholly an expression of an hypothesis. 

The constitutional formulie of all the great 
groups of chemical compounds have been deter¬ 
mined^ by exi^riments, and they are of great 
value in enabling chemists to express very con¬ 
cisely in intelligible language the results of ex¬ 
periments. As it is found that a certain kind of 
constitution carries with it a certain set of pro¬ 
perties, the formula conveys to the mind at once 
a clear impression in regard to the general pro¬ 
perties of the compound represented. It has 
been shown by experiment that in every alcohol 
hydrogen is linked to oxygen, and the group 
thus formed, which is called hydroxyl, is in turn 
linked to a hydrocarbon residue. Methyl alco¬ 
hol, for example, is represented thusHjO—0—H. 
Now, whenever we see an expression of this kind 
R—0—H, in whichR is any hydrocarbon residue, 
we may expect that the substance thus repre¬ 
sented has certain general properties which are 
oharaoteristio of all alcohols. The analogy be¬ 
tween these substances and water and the me¬ 
tallic bases is also clearly indicated by their 
formulas. Thus we have this series 
H—0—H water, 

S—0—H potassium hydroxide, 

Na—0—H sodium hydroxide, 

M—0—H any hydroxide of a monovalent 
metal, 

H,0—0—H methyl ^oohol, 

HaC,—0—H ethyl alcohol, 

R—0—H any alcohol containing a mono¬ 
valent residue of a hydrocarbon. 
A very interesting piece of evidence in favour of 
the linking represented in these formula is fur¬ 
nished by the action of a reagent which has the 
power of removing oxygen and putting chlorine 
in its place. Such a reagent is pentachloride 
of phosphorus, PCI,. When it is brought in 
contact with a substance containing oxygen this 
element is abstracted and two chlorine*atoftis 


from the pentachloride take the place of each 
atom of oxygen- If the oxygen serves the pur¬ 
pose of a linking element, as it does in the com- 
pounds above represented, the compound breaks 
down in such a way that the parts linked to¬ 
gether by the oxygen appear in Separate mole¬ 
cules. Thus, replacing the oxygen in the above 
compounds by chlorine, we should have this 
series:- H-Cl 01-H 
K-01 Cl-H 
Na-Ol Ol-H 
M-CI Cl-H 
H,0-Cl Cl-H 
H,0,-01 01-H 
B-Cl Cl-B 


In each case decomposition takes place, and two 
molecules are formed from one. The general re¬ 
action in the case of metallic hydroxides is: 
M-0-H-fPCl,-POCl,-i-MOUHCi; and in 
the case of alcohols it is: 

R-O-HPCI, = pool,-I- RCI HOL 
«It is evident that oxygen has some power which 
chlorine does not possess. It can link together 
hydrogen and another element, while in the 
cases mentioned chlorine cannot. In a 
way an elaborate study of acids has shown 
that in most of them the hydrogen which is 
replaceable by metallic elements is in combina¬ 
tion in the form of hydroxyl, but the hydmxyl 
instead of being in direct combination with 
a metal, as in^the hydroxides above referred 
to, is generally in combination with somo 
element which is in turn in combination with 
oxygen. The constitution of nitric acid, for 
example, has been found to be probably re- 
presentsd thus O^N—0—H; sulphuric acid 

thus permanganic acid thus 

OjMn—0—H; ohromio mid thus 0,Cr<^®, 

(&c., (ko- So too the carbonates are found to 
be derived from an acid which probably has 
the structure represented by the formula 

OC<^q®. On studying the acids of carbon, or 

the so-called organic acids, most of them are 
found to contain hydroxyl in combination with 
carbonyl, forming together the group known as 
carboxyl which has the structure 00—0—H. 
The greater number of the monobasio carbon 

acids may be represented thus or 

B.CO.OH. These formula show the relations 
which exist between the acids in question and 
carbonic acid. If in the latter we suppose a 
hydroxyl group replaced by a residue like 
methyl, ethyl, &c., the result is a carbon acid or 

an organic acid. Acetic acid is OO^g*; pro¬ 
pionic acid is ; or these formula 

may also be written CH,.CO.OH and C,H,.CO.OH 
respectively. These are linkage-formula based 
upon experiments. If we write them thus 
0 0 

B I! 

H,0-C-0-H and H,0,-0-0~H, we then 
have to deal with valenoj-formula, and they, as 
already remarked, convey no more information 
than the linkage-formula, unless by further ex¬ 
periments we become* acquainted with facts 
which justify us in expressing the relation be¬ 
tween the hydroxylic oxygen and carbon in a dif¬ 
ferent way from that in which we express the 
telation between the carbonylio oxvgen and car¬ 
bon. In this case are certainly justified in 
making the distinction. It is found that when 
the oxygen of the hydroxyl is replaced by 
chlorine, one chlorine atom takes the place m 
the hydrogen and oxygen of the hydroxyl, and* 
the o&er p^ses off in combidation with hydro¬ 
gen as hydrochloric acid. It appears thtt^ore 
that but one chlorine atom can enter in tha 
place formerly occupied by the hydroxylic oxj- 
gen. This is represented by toe singla line 
H. On the other hand, under a (ffiaoga 
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of oonditions, xl u found possible to replace the 
carbonylic oxygen by chlorine* and in this case 
two chlorine atoms enter into the molecule in 
place of the oxygen. This we may represent by 
two lines thus, C«*0. In this case then the for- 
0 
H 

mula —C—0—H is more thj^u a mere applica¬ 
tion of the valency-hypothesis, it is the expres¬ 
sion in a particular language of a number of 
facts, among which are some which justify the 
use of the doable line, if that is used simply as 
an expression of the facts. 

It is not the purpose of this article to show 
how the structural formula of all the different 
classes of compounds are doduged from experi¬ 
mentally determined facts, but rather to illustrate 
the general principles which are made use of, and 
to show in what way the formula express the 
facts. The question of single and double union 
has just been touched upon in connexionSvith the 
relations existing between carbon and oxygen. 
The same question has frequently been discussed 
with special reference to the relations between 
carbon atoms. A concrete caseistbat of ethylene. 
As is well known, this hydrocarbon has the mole¬ 
cular formula It is obtained from ethane 

OjHg by the indirect abstraction of two atoms of 
hydrogen, or from alcohol —0—H by tlie 

abstraction of the elements of water. In ethane it 
is assumed that the linkages occur as represented 
H H 

by the formula H—C— (!)—H; and in alcohol as 

A i 

H H 

represented by the fotmala, H—C—C—0—H. 

kk 

Mow when hydrogen is abstracted from ethane, 
or water from alcohol, the action may plainly 
take place in two iways so as to form a com- 
H 

poond of the itmoture, H—C—0—H, or one of 

k 

H H 

the simotnre u. Bnt when ethylene ia 

I •! 

H H 

treated with chlorine a compound of the formula 
0 ^,01, is formed, and It has been shown that 
in this oomponnd each chlorine is in combina¬ 
tion with a diSerent atom, as represented in the 
H H ^ 

lormnla 01— i-i-ci. Ji appears from this 

kk 

that ethylene is, in all probability, made np as 
H H 

represented in the formula a So fat this 

a 

lormnla expresses all that we have learned, and 
it appears that, in ethylene, carbon if triTalent. 


Bnt ethylene has a power which ethane has not- 
It can take up two atoms of hydrogen, of ohlor- 
ine, bromine, &o. It is unsatnrated. We may 

H H 


represent this fact by the formula 


-LL 
kk 

which, if interpreted in terms of the hypothesis, 
of valency, means that two of the affinities of 
each carbon atom are employed in holding hy¬ 
drogen combination, one of each in holding 
the two carbon atoms together, and one of each 
is unemployed. There are several objections to 
this view. Iq the first place it implies that a 
part of an atom can be acting while another part 
is doing nothing, a state of things which it is 
impossible to conceive. In the next place if a 
compound with free affinities can exist, why 
should we not be able to isolate the hydrocarbon 

(in,? This compound cannot be isolated. It is 

necessary to have a molecule containing at least 
two carbon atoms before it is possible to get a 
compound of the ethylene series. This makes 
it appear probable that the kind of unsaturation 
found in ethylene is dependent upon some change 
in the relations of the carbon atoms. The differ¬ 
ence between the relation in ethane and in ethyl¬ 
ene may be represented by the signs C—C and 
C=G. The second, or ethylene sign, suggests at 
once the sign used to express the oarbonyl rela¬ 
tion between carbon and oxygen. On com¬ 
paring the reactions of ethylene compounds with 
those of oarbonyl compounds, we find indeed 
that they have certain features is common. 
This is seen in their conduct under the influence 
of nascent hydrogen. Ethylene is converted by 
this reagent into the saturated compound ethane, 
the action being represented in this way: 

H H H H 

i I II 

Cs=C + 2H » H—0—0—H. So too acetone, 

II IX 

H H H H 

which may be taken as a convenient example of 
oarbonyl compounds, takes up two atoms of 
hydrogen and is converted into the saturated 
compound, isopropyl alcohol, as represented in 
H 0 H 

the equation H— U-Lh + 2H 


H H H 

u-LLi 

kkk 


k k 


Bi., While then It i. impoi- 


k^ 


Bible st present to ea; what relation the oon- 
dition which we call eingle union bears to that 
wbioh we call double union, still we cannot avoid 
recognising that .here are at least two kinds of 
relations between atoms, and these two kinds 
may be conveniently expressed by the signs 
under disonseion. 

A similar stndy of acetylene, C^H,, and eer- 
tain cyanogen dsiivatiTM, shows that, II ws 
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fMOgnifie the dietinction between single and 
double union, we must also recognise a third 
kind of relation, which hj analogy we should 
call triple union. This condition is most dis¬ 
tinctly represented in acetylene. It carries with 
it the power to take up four monovalent atoms, 
just as the double union condition carries with 
it the power to take up two monovalent atoms. 
♦Acetylene becomes ethane under the influence of 
nascent hydrogen as expressed thus: G^Hj + dH 
» OjEg. The same power is seen in the cyanides. 
Thus, methyl cyanide, which, assuming )he con¬ 
dition of triple union between the carbon and 
nitrogen in the cyanogen group, is expressed 
thus, OH,—C^N, takes up four atoms of hydro¬ 
gen, and is converted into ethylamine; thus 
CH,—(^N-f-4H = CH,—CHj—NH,; a trans¬ 
formation which is plainly of the same kind as 
that which takes place when acetylene is trans¬ 
formed into ethane. It should be distinctly 
stated that the signs used to express double 
union and triple union are not intended to con¬ 
vey the idea that the condition of single union, 
whatever that may be, is repeated twice or three 
times. They simply express relations different 
from that of single union, relations which we 
recognise by means of definite reactions. The 
double line certainly does not mean that the 
union expressed by it is twice as strong as that 
expressed by the single line. Indeed it is clear, 
from a study of compounds in which the ethyl¬ 
ene condition exists, that the double union is 
less firm than the single, and the study of com¬ 
pounds of the acetylene order shows equally 
plainly that triple union is the least firm of the 
three. 

If we should examine all the linkage formula 
of complex compounds which have been deter¬ 
mined experimentally, we should find that, in 
general, the linking takes place in accordance 
with the laws of valency. In many cases, how¬ 
ever, the linkages are less in number than we | 
should be led to expect from our knowledge of j 
the valencies of the elementary atoms. In these j 
cases, it is generally found that the compounds j 
have the power of forming additive compounds 
in which each element acts with its maximum 
valency. . 

The methods for determining constitutional 
formulsB^hus far considered are purely chemical. 
They axe based upon a careful study of the de¬ 
compositions, syntheses, and transformations, 
of the compounds. The question will suggest 
itself, whether it is possible by a study of 
physical properties to throw any ligh^ up^n 
structure. Several attempts have been made m 
the direction indicated. The methods will not 
be considered here at all in detail, as they will 
form the subjeot of other articles. The proper¬ 
ties which have been most elaborately 8iu(Ued 
are $ specifio volume, molecular refraction, 
polarisation-phenomena, magnetic rotation, and 
thermal phenomena. 

The specific volume, or molecular volume, of 
a substance is represented by a figure obtained 
by dividing the molecular weight of the substance 
by its specific gravity in the liquid form. It has 
been shown that the specific vofumeof an element 
in combination can sometimes be determmed by 
studying a number of its oompounds, the general 
principle made uae of being this: the specifio 


volume of a certain compound is determined and 
then that of another compound differing from 
the first by 1 or 2 atoms of the element; the 
difference between the two specifio volumes is 
regarded as the specifio volume of 1 or 3 atoms 
of the element by which the two compounds differ. 
It sppeam from investigations thus far carried 
out that the specific volume of oxygen has two 
values according as it is in the hydroxylic or the 
carbonylio condition. Assuming this to be estab¬ 
lished, it is clear that, by determining the spe¬ 
cific gravity of a compound in liquid form, and 
without studying its chemical reactions, we might 
be able to decide whether an oxygen atom con¬ 
tained in it is in one or the other of the two 
conditions mentioned.' 

As regards molecular refraction, it has been 
shown that, in general, oompounds of the same 
composition have the same refraction-equivalent. 
The refraction equivalent is represented by the 

in which P is the mole¬ 
cular weight of the substance, n theindex of refrac¬ 
tion, and (2 theielative density ofthesubstance. A 
more elaborate study of this subjeot has shown 
that the molecular refraction of a substance is in¬ 
fluenced by the presence of the condition of double 
or triple union. The occurrence in a compound of 
one double linkage causes a definite increase in 
the molecular refraction. So, also, the presence 
of carbonyl, CO, causes an increase in the mole¬ 
cular refraction above that found when the oxy¬ 
gen is present in the singly linked condition, as 
in hy&oiyl C—0—II. If these rules can be 
proved to be well founded we have a method 
which will enable us to determine whether double 
linkage between carbon atoms, or between car¬ 
bon and oxygen, exists in oompounds under ex¬ 
amination. The method does not, however, help 
us at present to understand what double link¬ 
age is. It merely puts us in a position to say 
that, it this condition is assumed in certain 
compounds, it must be assumed in certain other 
compounds which oonduct^thomselves in the 
same way.‘ 

Eecently some facts have been observed in 
studying the magnetic rotary power of substances 
whioh may be utilised in determining constitu¬ 
tion. It has been shown that the addition of 
CH] to a compound increases the molecular 
magnetic rotation by a definite quantity. So 
also a definite effect was shown to be produced 
by the introduction of methyl.* Other results of 
the same general oharaoter were obtained. It is 
not improbable that a further study of the mag- 
netio rotary power of ofiemical compounds may 
put us in possession of a method of consider¬ 
able value. Up to the present the method as 
thus far developed has not come into general 
‘ use. The method based upon a study of the 
magnetic rotary power, like those based upon a 
study of specific volumes and molecular refrac¬ 
tion, does not give any information in regard to 
4 he various conditions whioh it is its object to ^ 
detect It merely attempts ^ tell us is which 
oompounds certain conditions eiist, without 
saying anything in regard to the satura of tbeso 

* Tbs oonnszioni between ipedflo volnae tnd eonetito- 

tion, end between reflation uidooiiatltntlon, are^werer, 

not yet uythtng Ukw oleariy elaborated (e. PHTSicait 
MiTBona).—M- iLp.M. 
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conditions. It is, however, quite within the 
range of probability that continued study of all 
the physical properties of compounds may lead 
to a mtisfactory hypothesis in regard to the 
nature of those conditions of which we now 
simply recognise the existence. Thus, if it is 
found that, whenever double linkage occurs in 
a compound, certain pbysicaf properties always 
appear, it may be possible to frame a satisfac* 
tory hypothesis in regard to the nature of the 
condition which we call double linkage. If then 
we could express this hypothesis in our formula, 
these would be, more strictly than those now in 
use, constitutional formulcB. 

The chemical methods-and the physical 
methods thus far discussed Inve nothing di¬ 
rectly to do with the relations which atoms bear 
to one another in space. The formula deter¬ 
mined by means of them do not attempt to 
express space-relations, unless the fact that 
two atomsare represented as being in dif^ct com¬ 
bination with each other implies that they are 
nearer each other than two atoms in the same 
molecule which are not in direct combination with 
each other. The formula simply represent con¬ 
nexions believed to exist between the different 
parts of molecules. We know nothing in regard 
to the forms of molecules, and the arrangement 
of atoms in space. Nevertheless, some ingenious 
speoulationa have been indulged in with refer¬ 
ence to these space-relations. One which has 
received much attention, and which is certainly 
worthy of serious study, was suggested by obser¬ 
vations of the effects produced by certain sub¬ 
stances on polarised light. There are three 
varieties of tartaric acid; one of these turns the 
plane of polarisation of a ray of light to the 
right, a second turns it to the left, while the 
third is optically inactive. The third is formed 
by the nnion of the first and second, and is, 
therefore, probably to be regarded as differing 
from the active varieties in having a greater 
molecnlar weight. 

The difference between the first and second 
tartaric acids cannot be expressed by means 
of our ordinary linkage-formulse. Both are 
repreeented probably by the same formula, 
CH(OH).CO.OH 

I , which is in accordance with 

CH(OH).CO.OH 

the chemical reactions, decompositions, and 
syntheses, of both. Nevertheless the two com¬ 
pounds differ, beveral other cases of the same 
kind are known. This kind of isomerism, 
which shows itself in differences in the physi¬ 
cal properties, and nothin the chemical conduct, 
is called physical isomerism. To account for 
the particular kind of physical isomerism 
here referred to, Le Bel and Van’t Hoff have 
m^e ^e suggestion that it may be due co 
a different arrangement r in space of certain 
parts of the molecules. If the four affinities 
of a car^n atom be supposed to be exerted 
in the direction of the angbs of a tetrahedron, 
the carbon atom being at the centre of tne 
tetrahedron, there are two ways in which four 
different atoms or groups can be conceived 
to be combined wi£ the carbon. Arranging 
these atoms or atomic groups in any way, the 
other possible arrangement is ' 
the 


These two kinds of arrangement in space are 
possible only in those compounds in which a 
carbon atom i& in combination with four differ¬ 
ent atoms or atomic groups. Such a carbon 
atom is called an asymmetric carbon atom. Now, 
it is a remarkable fact that optically active com¬ 
pounds always contain one or more asymmetrical 
carbon atoms. Some attempts have been made 
to express by means of formula the space-* 
relations suggested in the above hypothesis 
(v. especially Wislicenus, K, Sdchsischen Qcs. 
der Wis^&nschaftm^ 14,1). 

It has been pointed out byBriihl that the 
boUing-points, densities, and indices of refraction, 
of isomeric compounds vary in the same way; 
that for isomeric compounds the constants of that 
one are largest which consistsof an uninterrupted 
chain of hydrocarbon residues, and that the con¬ 
stants become smaller the more the structure of 
the molecule is branched, and deviates from 
one direction. The data thus far in our posses¬ 
sion seem also to show that the shorter the mole¬ 
cule of isomeric compounds, i.s. the more they 
approach the spherical form, the larger is the mo¬ 
lecular volume. The words'shorter,* ‘branched,’ 
<£o., used in these statements, have primarily, 
of course, reference to the appearance of the for¬ 
mula in common use, and which, as already 
explained, are not intended to represent the 
arrangement of atoms in space. But, assuming 
that they do in a rough way represent the shapes 
of the molecules, it appears that there probably 
exists a direct connexion between the variations 
in the physical constants of isomeric compounds 
and the shapes of their molecules. Thus, the 
specific gravity of compounds with long mole¬ 
cules would necessarily be greater than that of 
compounds with branched or spherical molecules, 
for the same reason that we can get more rods 
in a given space than spheres of the same weight. 
So also with reference to the boiling-points. The 
rod-shaped molecules offer the most points of 
contact, the spherical the fewest. The cohesion 
between molecules of the first kind will hence be 
the greatest, and the conversion of a substance 
made up of such molecules into vapour will re¬ 
quire more heat, or the boiling-point will be 
higher, than in the case of a substance made up 
of molecules of the branched or spherical kind. 
It will thus be seen that we have faint sugges¬ 
tions that our Unkage-fonnulffl have' some re¬ 
lation to the arrangement of atoms in space, 
though primarily they are not intended to ex¬ 
press facts of this order. I. B. 

rORMYI. The radicle CHO, the lower 
homologue of acetyl. The term was at one 
time applied to the radicle CH now called 
methenyl. The formyl derivatives of amines 
are described under the amines from which they 
are derived. 

FOBHYI-CAMPEOB 0i,H„0 

/CacOH 

Camphor aldehyde. 

Formed on treating camphor with formic ether: 

yCH, 

+COH.OEt 

>CH.00H 

+EtOH. 
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Separated by aolntioQ in alkalis, shaking with 
ether, acidifying with acetic Mid, shaking again 
with ether and evaporating (Bishop a. Claisen, 
B. 22,583). Grysts^ne. Its properties are like 
those of the ketonio aldehydes B.OO.OHB'.COH. 
It is a moderately strong acid, v. sol. caustic 
alkalis. FeCl| gives a dark violet solution. 

Salt.—A'jCu: bright green crystallinepp.; 
kl. sol. water; v. sol. organic solvents. 

Anilide 0 j,H, 40 .CH:N.Ph; [163®J; colour¬ 
less, crystallising well. 

FOEMYL-TBICABBOXTIIC ACID v. Ms- 

THANB'THICAKBOXTUO ACID. 

FOBUYL CYANDKAHIDE. Described 
under Cianio acid as a derivativb of oyanur- 
amide. 

FOBHYL.HELAHINE. Descriliod, as a deri- 
vative of cyanuraniide, under Cyanic acid. 

FOEMYL-PHENYL-ACETIC ACID 
HCO.CHPh.COaH. Ethyl etherEtM. (145°) 
at 16 mm. Formed by suspending dry NaOEt 
ill ether (3 pts.), adding a mixture of formic 
ether and phenyl-acetic ether, and keeping the 
whole for several days in a closed vessel. The 
product is shaken with water at 0 °, acidified, i 
and extracted with ether (Wislicenus, B. 20, 
2930). Oil. Decomposed by boiling with 
aqueous NaOH into formic and phenyl-acetic 
acids. The alcoholic solution gives a bluish- 
violet colouration with FeCl,. Phenyl-hydra- 

line tonne CO<pgp^>CH [196°]. Fornijl- 
phenyl-acetic ether changes spontaneously, es¬ 
pecially at 70°, into a crystalline isomeride [70°]; 
this isomeride is also split up by alkalis into 
formic and phenyl-acetic acids. 

DI-FOBVYLPHENYIENE-DIAMINE V. 

PflENTLENE-DIAMINR. 

F0BMYX.-PB0PI0BIC ACID 
HCO.CHMe.CO^H. (161°), Formed by the 
action of NaOEt on a mixture of formic and 
propionic ethers (Wislicenus, B. 20, 2930). Oil. 
Gives an intense reddish-violet colour with 
FeCl,. 

FOEKYL-DBEA v. Urea. 

FOBMYI-XYLIDINE v. Xtudine. 

FEAGABIANIN. Said to occur in the root of 
the strawberry {Fragaria vesca) (Phipson, C. N. 
38,135). V. si. sol. water, alcohol, and ether; 
potash-fusion forms from itprotocatechuic acid. 
Boiling aqueous HCl splits it up into glucose 
and an amorphous red substance, fragarin. 

FEANCEINS. A group of colouring matters 
obtained by the action of cone. H 3 S 04 upon the 
haloid derivatives of benzene. From the pent*- 
chloro-benzene C^HCl,, the franceine has the 
empirical formula CibHCIjOj (Istrati, C. B. 106, 
277; Bl. [2] 48,36). All the ftanceins are sol.cone. 
H-^SO,, some ore sol. water. Many of them dis¬ 
solve in alkalis forming very soluble neutral 
salts. They all dissolve in al(^hol forming 
highly-coloured dichroio solutions. They dye 
cotton, linen, and especially silk with shades 
varying from rose-colour to maroon. The depth 
of colour and the tinctorial power increases with 
the proportion of chlorine. Two franceins 
C,bHC 1 |Oj are obtained by boiling pentachloro- 
benzene (800 g.) with Nordhausen acid (2000 o.o.) 
for 8 hours a day during 16 days; HCl and SO^ 
are given off. At the end of 16 days the acid is 
^«anted, a fresh quantity added, and the heat¬ 


ing continued for another fortnight. During 
this process the franceins gradnally separate as 
a maroon-coloured substance. After washing 
with water, the francein formed in greater quan¬ 
tity is dissolved out in aqueous KOH, reppd. by 
HCl, and, when dried at 60°, exhibits a metallic 
^reen lustre. It dissolves in alcohol and in gly¬ 
cerine but not in \^ter. Its alcoholic solution 
is red by transmitted, but yellowish-green by 
reflected, light, and dyes silk a rose-colour. The 
K salt is deep-brown with metallic lustre, and 
is V. sol. water forming a deep-red non-dichroio 
solution which gives pps. with salts of Ba, Fe, 
Sn, Hg, AI, Mg, Cd, Ni, &c. The second fran- 
cei'n, formed at the same time in much smaller 
quantity from pcftta-cbloro-benzene, is sol. warm 
water but almost insol. EOHAq and is less 
sol. alcohol than its isomeride. It dyes silk a 
peach colour. When tetra-chloro-benzene (200 
c.o.) is foiled with cone. BL^SO, ( 1,200 c.c.) 
for 106 nours it is completely dissolved with 
evolution of water, HCl, and SO,. No sulpbonio 
acid is formed, but on treatment with water a 
reddish-brown solid is got. This solid dissolves 
easily in KOHAq and in alcohol; its alcoholic 
solution is pale brown by transmitted, and dull 
green, by reflected, light. According to Georgesco 
a. Mincou {Bl. [2] 60, 623), this francein is 
CibH^CIsOb, and forms an insoluble silver salt 

FEANQDUN C^HajO,? (Sohwabe, Ar. Ph. 
[3] 26, 560). [230°]. A yellow crystallisable 
colouring matter contained in the bark of the 
berry-bearing alder {Bliammis Frangula). It is 
accompanied by an amorphous yellow resin, and 
occurs most abundantly in the older branches, 
the younger branches containing more of ths 
resin (Casselraann, A. 104, 77). 

Preparation. —The bark is digested for three 
days with alcohol (90 p.c.) at 25° to 80°; the 
resulting tincture is concentrated by evaporation 
and freed from tannin <fec. by ppn. with lead 
acetate; lead subacetate is added to the filtrate, 
and the pp. is suspended in dlcohol and decom¬ 
posed by H.^S. The boiling liquid is filtered, 
and on cooling deposits crystals of frangulin 
(Faust, A. 165, 229; Z. [2] 6,17; Liebermann 
a. Waldstein, B. 9,1775). 

Projwjrtics.—Lemon-yellow crystalline moss 
with dull silky lustre. Insol. water; soluble in 
160 pts. of warm dilute (80 p.c.) alcohol, nearly 
insol. cold alcohol, si. sol. ether, sol. hot fixM 
oils, benzene, and oil of turpentine. May be 
partially sublimed as minute golden needles ( 0 .). 
In aqueous alkalis it fo^ms a deep cherry-red 
solution from which it is reppd. by acids but 
not by metallic salts. Cone. H 3 SO 4 forms a 
dark-red solution which becomes brown on heat- 
IbK i it is reppd. by water. Boiling cone. HNO| 
dissolves it without decomposition (C.). Fuming 
HNO, forms oxalic geid and so-called * nitro- 
frangulio acid ’ CjoHuNjO,, ? (Hesse, A. 117, 
849) which crystallises in orange-red needles 
(kom alcohol). Frlhgulin is split up by boiling 
dilute HCl into glucose and egiodin, a tri-oxy- 
methyl-anthraquinone (Sohwabe). 

FEAXIN C,BH.BO„iaq. Paviin. A sub¬ 
stance occurring in the bark of the common ash 
{Fraxinus excelsior), and also, together with 
ttsoalijQ, in the bark of the horse-chestnut 
i^8culiMSippoca$tatmn),mdi in various ^eoiet 
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of Pavia (Salm-Horstmar, P, 97,827, 687; 100, 
607; Eochleder, P. 107, 381; J, pr, 90, 433; 
Stokes, 0. J- 9, 17; Keller, Rep, Pharm. 44, 
438; ^bleder a. Schwan, A. 87,186; Sten* 
house, P. if. [4] 7,601). 

Preparation. — 1. A decoction of ash-bark 
(taken at the flowering-time) is ppd. by lead 
acetate; the filtrate is ppd.'by lead subaoetate, 
and the pp. suspended in water and decomposed 
by J^S (Salm-Horstmor).—2. The aqueous de¬ 
coction of horse-chestnut bark is mixed when 
cold with such a quantity of FeCl, that on add¬ 
ing ammonia the pp. immediately separates; 
one-fourth of the ammonlacal filtrate is ppd. by 
lead acetate, the pp.is redissolved in HOAc, the 
rest of the filtrate is then aridified by acetic 
acid, the two portions mixed together, and, after 
again adding ammonia, the resulting pp. dis¬ 
solved in acetic acid, freed from lead by H^S, and 
left to crystallise. 4 

Properties.—Tufts of colourless needles; it 
has a slightly bitter taste. SI. sol. cold, v. 
sol. hot, water; si. sol. cold, m. sol. hot alco¬ 
hol ; insol. ether (Salm-Horstmar). Stokes 
(C. J. 12,17) found it more soluble in ether than 
ttsculin. It gives off its water of crystallisation 
at 110 ° to 150°, and melts at a higher tempera¬ 
ture (820° according to Salm-Horstmar). The 
concentrated aqueous solution is yellow, and has 
an acid reaction; when largely diluted it ex¬ 
hibits strong bluish-green fluorescence ; this 
fluorescence is increased by the presence of a 
trace of alkali, but is destroyed by acids. The 
alcoholic solution is likewise fluorescent. FeCl, 
colonrs the aqueous solution green, and then 
yields a lemon-yellow pp. Lead acetate also 
gives a yellow pp. in its ammoniacal solution. 
Boiling dilute H,SO, splits fraxin up into glucose 
and fraxetin. 

Fraxetin S. (cold) *1; (hot) *33. 

Formed as above, and also by the action of HCl 
onalemon-yellowcry 8 tallmecompoundC 2 }H, 80 ,„ 
also occurring in horse-chestnut bark (Uochleder, 
C. C. 1864,416). JJeedles (from the dilute HjSO^ 
in which it is formed), or tables (from alcohol). 
Has a slightiy astringent taste. Y. si. sol. water, 
si. eoL alcohol and e^er. Melts at the melting- 
point of tin, without turning brown. Cone. 
HfSO. forms a bright-yellow solution, whence 
after dilution and addition of NH, it separates 
in crystals. HClAq dissolves it. Cone. HNO, 
is coloured by it^rk violet, changing to red and 
yellow. The aqueous solution is coloured yellow 
by KH,. FeCl, colours its aqueous solution 
greenish-blue. Acid ammonium sulphite dis¬ 
solves fraxetin, and on adding NH, the liquid 
becomes yellow, but does not turn red or blue 
on shaking with air (difference from eesculetin). 

FUCXrs AIBEHTBB C^H.O,. Fwmol (/^)- 
Ppromucic aldehyde. (172°). S.G. 1*160. 
S. 7 at 13°. A volatile oif, isomeric or possibly 
identical with furfurol, obtained by distilling 
sea-weeds {Vucue nodosus, F. veaiculosua, F. 
serratuSt &c.) with dilnte rolphnric acid {Ste.i- 
house, P. M. (82 18.122; 87, 226; 4. 86,801; 
74,278). It is washed free from accompanying 
acetone, distilled with steam, and dried over 
CaCly Colourless oil; turns bro^ on kwp- 
ing exposed to air. H 3 SO 4 colours it yellowish- 
brown; HClAq turns it green; when impure the 
•oloor in both cases is purple-red. KOHAq 


colours it yellow, the colour afterwards changing 
to dark-red. Fucusol turns the skin deep-fellow, 
the spots being turned rose-red by aniline (as 
with furfurol). When boiled with water and 
moist Ag,0 the silver salt of (i3)-pyromucic acid is 
formed 0,H,AgO,; (/3).pyromucio acid prepared 
from this salt crystallises in small rhomboidal 
plates [180°], whereas ordinary pyromucic acid 
forms fiat needles [133°] (Stenbouse, Pr. 20, BO)'. 
Ammonium sulphide converts fucusol into thio- 
fuousol O^HfSO, which resembles its isomeride 
thiofurfnrol. Moss (Sphagnum) and various 
species of lichen (Celraria islandicat Vsnea, and 
Ramalina) when distilled with dilute HjSO, 
yield an oil apparently identical with fucusol. 

Fucttsamide CyH„N,0,. S. *04 at 8°. This 
isomeride of furfuiamide is obtained by the ac¬ 
tion of ammonia on fucusol. It orystallises from 
hot alcohol in groups of long needles. Its re¬ 
actions are similar to those of furfurumide. 

Fucuslne C,5H,jN,0,. When fucusaraide is 
boiled for twenty minutes with moderately con¬ 
centrated aqueous EOH it melts, and is con¬ 
verted into an oil which solidifies on cooling to 
a yellowish resin. From this resin HNO, ex¬ 
tracts the base, and, on cooling, the nitrate 
crystallises out. If a slight excess of NH, be 
added to an aqueous solution of the nitrate 
fucusino slowly separates in stellate groups of 
small lamina;. 

Salts.—B'HNO,: stellate groups of long 
prisms (from water), or large trimetrio prisms 
(from alcohol). Decomposes at 100°. — 
B'JIjPtCl,: four-sided prisms (the correspond¬ 
ing salt of furfurine forms needles).—B'H^C^O,; 
small silky needles; m. sol. cold water. 

FULMINATES. Described un^er Gtamio 

ACID. 

FULMINUBIC ACID. Described under 
Ctanic acid. 

FtJMABAHIC ACID 9 . Amide of Fumaiuc 

ACID. 

FUHABANILIC ACID v. Anilide of Fouario 

ACID. 

FUMAEIC ACID C.H^O, i.e. 
CO,H.CH:CH.GO.,H. Allo-maleic add. Mol. w. 
116. S. -67 at 16*6° (Carius, A. 142,153); (cold 
70 p.c. alcohol) '48. H.G. 318,176 (Louguinine, 
C. R. lOG, 1290). Heat of solution —6901 (Gal 
a. Werner, Bl. [2] 47,169). Heat of 'neutralisa¬ 
tion (by NaOH) 26699 (G. a. W.). 

Occurrence.—In various plants and fungi: 
fumitory (Fumaria ojffidnalis), Corydalis buU 
bosa, Qlaucium ftavum, Iceland moss (Lichen 
idandicus), Boletus pseude-ignarius, and Aga- 
ricus piperalus (Winxler, Rep, Pharm. 39, 48, 
368; 48, 39.363; A. 4,230; Wioke, A. 87, 226; 
Probst, A. 31, 248; Pfafl, Schw. J. 47, 476; 
Dessaignes, J. Ph. [3] 82,48; A, 89,120; Bolley, 
A. 86, 44; Sohddler, A. 17, 148; Trommsdorfl, 
N. Tr. 26, 2468 ). 

Formation. —1. Together with maleic acid by 
the dehydration of malic acid by heat (Lassaigne 
[1819], A. Ch. [2] 11, 98; Pelouze, A. Gh. [2] 
66,429; A. 11, 266).—2. From maleic acid by 
heating with aqueous HI, HBr, or HGl (Dos- 
saignes, J. 1866, 463; KekuU, A. 180, 21; 
Suppl. 2, 86).—8. By treating calcium malate 
with PCI,, ana decomposing the resuHing chloride 
with water (Perkin a. Duppa A. 112, 24).— 
4. By fusing sulpho^sncoinic acid with potash 
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(Ueuel, A. 157» S0).—5. Bj beating bromo-suo- 1 
einio acid.—8. By the action of aqueons £1 and i 
copper upon di<bromO‘Buocinic acid and its iso-1 
meride (Swarts, Z, 1868, 259). Also from di- 
bromo-suocinic aoid and thio-urea (Nencki a. 
Sieber, J". pj 26, 72).—7. From di-bromo- 
Buooinio ether by treatment with finely divided 
eilver and saponi&^ation of the product (Goro- 
lietzky a. B. 21, 1802).—8. By heating 
Buccinimide with bromine at ISO*^ in sealed 
tubes (Kisielinaki, Sits, W. 74, 561).--9. By 
boiling silver malonate with di>chloro<aoetic acid 
and a little water (Eomnenos, A. 218, 169).— 

10. By treating asparagin or aspartic aoid with 
Mel and EOH (Kdrnor a. Menozzi^G. 13,352).— 

11. From ($)-bromo-pyromuQio aoid, bromine, and 
water (Hill a. Sanger, A, 232,' 63; of. Limpricht, 
A. 165, 289).—12. By treating ^-di^jhloro-pro- 
pionio ether with KCy, and decomposing the 
product by EOH (Werigo a. Tanatar, A. 174, 
368).—18. By boiling chloro<ethane-tricarboxylio 
ether (prepared by the action of Cl on ethane 
tricarboxylio ether (C0jH)CHj.CH(C0jH)4 with 
HCl (Bisohoff, B. 13, 2162).~14. According 
to Miihlhauser {A. 101, 171) fnmario acid is 
among the products of the action of aqua regia 
on proteid compounds.—15. By heating ethylene 
tetra-carbozylio aoid (Conrad a. Guthzeit, B. 16, 
2632). 

Pr^rafion.—Malic aoid is heated at 160®, | 
and finally to 180®, in a current of air as long as 
water and maleio acid distil out. The residue is 
washed with a little cold water and dried at 
100®. 250 g. malic acid treated in this way give 
160 g. fumario acid (Purdie, <7. 39, 346; c/. 

Baeyer, B. 18. 676). 

Prope^ios.Sm&ll prisms, needles, or plates. 
Sublimes at 200®, and when strongly heated it 
gives some maleio anhydride. It burns with a 
pale flame. The initial rate of etherification of 
fumario aoid (32*7) is less than that of maleio 
acid (61*5), but ultimately the same proportion 
of each (72*6 p.oj is etherified by isobutyl alcohol 
(Menschutkin, Jo. 14, 2630). 

Beacti<m8.—l. Reduced to suecinio acid^ by 
adding sodium-amalgam to its aqueous solution, 
or by heating with HIAq.— 2. Heated with 
HBrAq at 120® it is slowly transformed into 
bromo-succinic acid.—3. It combines very slowly 
with br^ine in the cold, but when heated with 
bromine and water at 100® di-bromo-succinic 
aoid is formed in a few minutes (Kekul6,4. Suppl. 
1,129; Petrie, A. 196, 66).—4. Zinc dissolves in 
aqueous fumario acid, forming zino-fumarate, and 
giving off hydrogen (Kekulfi, ^4. Supply, 108). 
When zinc and fumario aoid are placed together 
in cold water hydrogen is not evolved, but zino 
fumarate is formed, whil« sucoinio aoid remains 
in solution (Von Victor, Z. (2J 4, 464). When 
fumario acid is gently heated with zmo and 
excess of potash-solution it is reduced to sue- 
cinio aoid (K.).-6. Fumario acid is not oxidised 
by boiling HNO„ by water and PbO„ or by 
ILOr.O,. Aqueous KMnO^ oxidises it to race¬ 
mic acid.—6. Electrolysis of an aqueous solution 
of sodium fumarate gives acetylene, COj, and 
hydrogen (KekuU,il. 131.86).-7. Chlorms forms 
di-ohloro-suooinio and tri-ohloro-aoetio acids 

which yields inactive malic acid when reduced by 


sodium-amalgam (P.).—8, Aqueous NaOH at 
i00®Blowlyfonns inactive malic acid.—10. WaUr 
in large quantity at 160® also forms inactive 
malic acid (Jungfieiscb, B. 12,370; Pictet, B. 14, 
2648).—11. Boiling aqueous E2SO, forms potu- 
slum sulpho-succinate.—12. Acetyl chVynde^ in 
presence of HOAoat 100®, dissolves fumario acid 
in twenty.four hours, the product being maleio 
anhydride (Perkin, C. J. 39,660; 41,268), while, 
according to Anschutz {B. 10, 1881; 14, 2792), 
pure AoCl has no action on fumario acid. By 
heating fumario acid with pure AcCl at 140® 
Perkin {B. 16, 1073) obtained maleio anhydride 
and a little chloro-soccinio anhydride; the latter 
being probably an intermediate body in the 
formation of lyaleic anhydride (Anschfiiz a. 
Bennert, B. 15, 640).—13. Fumaric chloride 
alone, or dissolved in benzene, reacts with 
silver fumarate, forming maldo anhydride. 
Fumario chloride, dissolved in light petroleum, 
is coaferted by NsjCO, into maleio anhy¬ 
dride. It is evident, therefore, that there is 
but one anhydride for the two isomeric acids, 
fumario and maleic.—14. A dilute aqueous solu¬ 
tion containing fumaric acid and aniline in pro¬ 
portion to form the acid aniline salt gives, on 
heating, no anilide (difference from maleic acid) 
(Michael, Am. 9,180).—15. Excess of alcoholic 
ammonia at 160® for twenty hours forms inactive 
aspartic acid (Engel, 0. B. 104,1806). 

Salts.—None of the fomarates dissolve in 
alcohol. Solutions of the alkaline fumarates 
are not ppd. by salts of Zn, Al, or Cr.—(NH,)jA": 
V. sol. water, converted into the acid salt by 
evaporation.—(NHJHA**: monoclinio prisms 
(Delffs, P. 80, 435; Pasteur, A. Ch. [3] 31,91).— 
KjA"2aq: large transparent trimetrio tables and 
four-sided prisms or radiating groups of lamin£e. 
V. sol. water; from a concentrated solution 
acetic acid throws down the acid salt.—KHA": 
tufts of needles, si. sol. cold, v. sol. hot, water 
(Carius, B. 4, 929; A. 142, 163).—K^4A",: 
acioular prisms. S. 2*66 at 19*6®.—aq: 
crystalline powder; ppd. by adding alcohol to 
its aqueous solution.—NOjA" 3aq: needles and 
prisms. V. sol. cold water.—AgjA"; fine white 
powder, thrown down by adding AgNO, to a 
solution of (even 1 pt. in 200,000 of) fumario aoid. 
Deflagrates when heated. Insol. water, soL 
HNOjAq and NH,Aq*—aq (Carius): sol. 
hot water.—BaA". Obtained by dissolving 

fumario aoid in a hot solution of barium acetate 
(fumario acid does not ppt. baryta water). Crys¬ 
talline grains.—BaA" l^aq. From K^A" and 
BaClj. Small efflorescent prisms. S. (of BaA") 
♦966 at 17®.—BaA"8rf^: small white prisms. 
Converted by boiling with water into insolublo 
grains of BaA" (Anschutz, B. 12, 2282).— 
SrA" 3aq: from fumaric aoid and SrOjAc,. Crys- 
^talline powder, si. sol. water.—OaA" 8aq. OMurs 
in fumito]^. Fron^KjA'^ and CaOjAOji.^ Shiiung 
scales, si. sol. water, permanent in the air. Gives 
calcium succinate when exposed in contact with 
fermenting cheesy to the air.—CaA” IJaq (dried 
overHjSOJ.—MgA"4aq: white powder.—HgA'^ 
white crystalline pp. (EieoKher, A. 49, 81).— 
PbA''2aq. Formed byheatmg lead molate to 
200® (B.). Also from K4A" and aqueous PbOjAo, 
acidulated with HOAo. Tufts of shining needles. 
Nearly in8(^ cold, sol. hot, vrater; ins^ HOAo; 
sol. HNO^q.—PbA" 3aq (Pelouse).—A"(PbOH), 
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(at 100^). PpA by adding ammonio lumarate 
to boiling aqueoas lead subaoetate (Otto, A. 127, 
178).-(PbA"),PbO xaq (B.).~PbA"(PbO), ®aq 
OaA"Saq. Prom OuO^o* and fmnaric acid. 
Bluish-green oiystalline powder; si. sol. water, 
T. sol. HNO,Aq.—A"PeOH. Palo brownish-red 
pp. formed by adding PeClg to ammonium fuma> 
rate: insol. ezoeas of ammonium fumarate 
(difference from succinate); ^aol. NE^g, sol. 
mineral acids.—NiA" 4aq: pale-green powder, 
sol. water and ammonia solution.—CoA" Saq. 
Obtained by adding alcohol to a concentrated 
solution of fumario acid in aqueous CoOjAoj. 
Bose-coloured powder, t. sol. water and NH^Aq. 

MnA" 3aq. From fumaric acid and MnO^Acv 
White powder, si. sol. water.—^nA" 3aq: large 
prisma (from hot solutions), 7. sol. water.— 
ZnA" 4aq: efSorescent crystals (by spontaneous 
evaporation). 

Methyl ether Me^". (103®J. (192° i. V.). 

Formation,—!. By the action of HCl or 
EjSO^ on fumario acid in MeOH (Anschiitz, 
£. 12,2282; Ossipoff, /. B. 11, 288).—2. By the 
action of iodine on methyl maleate.—3. From 
methyl bromo-sucoinate by treatment with ECy 
in ether, or by subliming the same ether with 
NaOAo and CaCO, (Volhard, A, 242, 160).-4. 
By the action of NaOMe on a solution of fumaric 
ether in MeOH (Purdie, C. J. 51, 627).-5. By 
boiling methyl diazo-succinate with water or 
MeOH (Gurtius a. Koch, B. 18,1296). 

Properties. —Triclinic prisms (Bodewig, Z, K. 
5, 563). SI. sol. water, alcohol, ether, and CS^ 
in the cold. Combines with bromine forming 
methyl di-bromo-succinate [62°]. With an 
equivalent quantity of diazo-acetic methyl ether 
CO,Me.CH.Nv 

it forms | \CH.C 02 Me, an oil, 

C02Me.CH.N/ 

whence the corresponding acid [220°] may be 
obtained (Bnchner, B, 21, 2637). 

Mono-ethyl ether EtHA". Formed by 
heating fumaric acid (2 pts.) with alcohol (3 pts.) 
at 120° (Laubenheuper, A. 164, 297). Plates, 
si. sol. water, v. e. sol. alcohol and ether.— 
AgEtA". S. *3 at 12°. Crystalline pp. 

Di-ethyl ether EtjA". (215°micor.) (P.); 
(218° L V.) (A.). 8.G. 1Z1« 1-062 (A.); ii MOO 
(H.). VJD. 86'6 (calc. 86). M.M. 10'U9 (Perkin, 
O.J.Proc. 3,98). 

FormaUon, —1. By treating an alcoholic 
folutiOD of fumario or malic acid with HCl 
(Hagen, A. 38, 274^. Some chloro-succinic ether 
is fomied at the same time.—2. By boiling 
fumaric acid (149 g.*) with alcohol (450 g.) and 
HjSO^ (16 g.), ppg. by water, drying over CaClj, 
and distilling. The yield is good (123 g.) 
(Pordie, C. J. 89,840).—3. From malic ether 
and PCI, (Henry, A. 156, 177).-4. Prom EtI 
and silver fumarate (Anschutz, B. 11,1644; 12,^ 
2282).—5. By the action of finely divided silver 
on di-bromo-succinio ether {^r^etzky a. Hell, 
B. 21,1802). 

Beaettons,-—!. Combines bronze form- 

faig di-bromo-sacoinio ether [o^ (Ossipoff).—2.' 
Combines with KaO£t(b alooholio solution) 
forming CO^t.CH!Na.OH(OEt).C02Et. If the 
product Is boiled* with aqueous NaOH, neutral¬ 
ised with acetic acid and treated with Pb(OAc)„ 
lead fumarate is ppd. The filtrate is aoiaolat^ 
withHNOw neutralised with and treated 


with Pb(NO,) 2 , when a lead salt is ppd., whsnoe 
H^S liberates a crystalline acid 0,H„0| or 
C02H.CH,.CH(0Et)C02H, [86°] (o. Malio acid) 
(Purdie, C. J. 39,347). So^um fumarate differs 
^om^ethyWumMato in not combining with 

reacts in a similar way forming first methyl 
fumarate and then CO 3 Me.CH,..CH(OMe).CO,M 0 
or its sodium derivative (Purdie, C. J, 47, 855).« 
4. By heating with alooholio NH, in sealed 
tubes there is formed aspartic ether (152° at 
26 mm.) together with a compound OiH^NjO, 
[o. 260°], possibly an imide of aspartic acid 
(Korner a. Menozzi, 0. 17, 226). 

Iso-hutyji ether (170°) at 

160 mm. From silver fumarate and isobutyl 
iodide (Purdie, C. •J. 39, 853). Not obtain^ 
quite pure. Combines with sodio isobutylate in 
presence of isobutyl alcohol forming a product 
whence, on saponification, the isobutyl deriva¬ 
tive of malic acid {q. v.) is got. 

Phenyl ether (C^Hj)jA". [162°J. From 
fumaryl chloride and phenol. White needles, 
b1. sol, alcohol. On beating it evolves GO.;, 
yielding phenyl cinnaroate and finally stilbene 
C^H^.C 2 H...C„Hj (Anschutz a. Wirtz, B. 18,1948; 
C. J. 47, 808). 

p-Tolyl ether (C,HM": [1C2°]; v- si. sol. 
alcohol. On heating it gives s-di-toljl-ethylene 
C,H,.C.;H.;.C,H, [179°], and a substance crystal¬ 
lising in scales [79°] (A. a. W.). 

Ohloride C,H,(COCl). or 

Maleyl chloride. (160°). From malic acid and 
PClj (Perkin a. Duppa, A. 112, 26). Formed 
also by the action of PCI, on fumario acid or 
maleic anhydride (Kekul4, A. Suppl. 2, 86; 
Perkin, B. 14, 2548). Bromine at 150° combines 
with it, forming di-bromo-succinyl chloride. 

Mono-amide COjH.CH:CH.CONHj. Fu- 
moramic acid. Anhydro-aspartic acid. [217°]. 
Prepared by the action of methyl iodide and 
caustic potash on asparagine G,HaN20fi-4MeI 
-C,H,0,N+NMeJ+3HI (Griess.B. 12, 2117; 
Michael a. Wing, Am. 6, 420). Leaflets, sol. 
hot water and hot alcohol, almost insol. ether. 
Decomposed by alkalis or acids into NH| and 
fumario acid. Combines with bromine (I mol.). 
Balts. — BaA', Caq: plates, si. sol. water.— 
AgA': small needles or leaflets, sol. hot water. 
Methyl ether A'Me: [162°]; small colour¬ 
less tables; sublimable; si. sol. cold water, v. 
sol. alcohol. Formed by the action of cold, 
slightly acidulated, water on methyl diazo-suo- 
cinamato C02Me.CH2.CN2.C02Me (Curtius a. 
Ko6h, h. 19, 2461). 

Amide0^n^}HPti.e. CONHyCH:CH.CONH2. 
[232°]. From fumaric ether and cold aqueous 
ammonia (Hagen, A. 38, 275). Small white 
needles (Curtius a. Eocb, B. 18,1296). Insol. 
cold, sol. hot water, insol. alcohol. When heated 
for some time^th water it is converted into 
ammonium fumarate. HgO is converted by 
boiling with its aqueous solution into a white 
powder C4H,N,02£^0 (Dessaignes, A. 82, 283). 

CH.COv 

Imide ? C^NHiO, U. Formed 

by heating acid ammonium malate at 160° to 
200° (Dessaignes, 0. B. 80, 824; Wolff, A. 16, 
293). White powder; lol. hot cone. HCiAq asA 
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Mppd. by water. By heating for 6 hours with 
HClAq it is oonverted into aspartic acid. Aoid 
ammonium maleate and fumarate yield on heat* 
ing to 180^ substances resembling this so-called 
* ^^arimide ’ (Pasteur, A. Ch. [ 8 ] 34, 30). 

Di-ithyUamide C 3 H 2 (CO.NHEt)j. [183®]. 
White scales; may be sublimed (Wallach a. 
Kamenski, B. 14,170). 

. Mono^anilide CO^.CH:CH.CO.NHPh. 
Puntaranilic acid. [187®]. From the phenyl- 
imide of maleic acid by treatment with baryta- 
water at 86 ° (Anschiitza. Wirtz, Am. 9,.240; A. 
289,137). Formed also when maleic amiydride, 
dissolved in ether, is mixed with aniline (An- 
sehiitz.B. 20,3214). Prisms, si. scd. water. Con¬ 
verted by alcoholic KOH into potassium fuma¬ 
rate. • 

Di^anilids C 2 Hj(CO.NHPh) 2 . Formed by 
the action of aniline upon fumaryl chloride, both 
being in ethereal solution (Anschutz a. Wirtz, 
Am. 9, 236). Minute white needles, browning 
at 276°, V. si. sol. ether, si. sol. alcohol and glacial 
acetic acid. Heated at 100° with alcoholic KOH 
it gives aniline and fumaric acid. Takes*up Br 
(1 mol.), forming a white powder; not melted at 
100 °. 


Di-phenyl-amic acid 
CONPhrCH:CH.CO.;H. Di-.phenyUfumaramie 
acid. [120°]. Formed by heating fumaric or 
malic acid with di-phenyl-amine at 210 °; ex¬ 
tracting the product with ether, shaking the 
ethereal solution with dilute NHa, and ppg. by 
HCl (Piutti, 0. 16, 22, 133). Small needles; 
sol. alcohol and cono. H^SO^, the solution giving 
with nitrio aoid the blue reaction of diphenyl- 
amine. Decomposed by KOH into fumaric acid 
and diphenylamine. Unites with Br forming a i 
crystalline product. Its alkaline solution gives j 
a light green pp. with cupric salts. I 


CU.CO- 

Di-phenyl-imide^ li 




>0. [275°]. : 


OH.C(NPh,)/ 

Formed by heating fumaric or maleic acid with 
di-phenyl-amine at 226° as longas water is given 
off (Piutti). Glistening needles, sol. HOAc. 
With cone. HNOj it yields a nitro- compound 
giving a violet colouration with alcoholic KOH. 

Pkcnyhfnsthyl-amic acid 
CONMePh.CH:CH.COjH. [128°]. Formed by 
heating fhalio acid (1 mol.) witli methyl-aniline 
(not more than 2 mols.) at 150° (Piutti, Q. 16, 
24). It is also one of the products of the action 
of NH, on phthalyl-aspartio acid. Long tabular 
prisms (containing aq); melting at 100 ° w^n 
hydrated, and at 128° when anhydrous. In*I. 
water, sol. alcohol and ether. Its alkaline salts 
are very soluble; its silve; salt forms small glis* 
tening prisms. Its di-broino- derivative 
[178°) forms glistening prisms, partly decom¬ 
pose on recrystalUsation. 

Phenyl-mcthyl'imide^ 

Oa.00 s. Formed by heating 

CaC(NMePh)/ ^ . 

malic acid with methyl-anilme at 200 . It is 
also one of the products of the action of phenyl- 
methyl-amine on phthalyl-aspartio acid at 240 . 
OUsteDing prisms, sol. hot 
lonn. When heated with cone. HClAq at 180 
It yields fumaric acid and methyl-anilme. Br 


in chloroform forms a di-bromo- derivatiTi 
0,,H,^r2NA [ 0 . 207°]. 

Cons^tion.—Inasmuch as both fumaric 
and malefo acids are dibasic acids formed from 
malic acid by elimination of water, and capable 
of reduction to succinic acid, they ought both to 
he represented by the formula 0;^(GO,H),. One 
or both of them would then beOO^.OH;CH.C 02 H. 
The usual interpretation given to structural for* 
mulffi will not in this case account for the iso* 
merism, and it will be necessary, if we assign the 
formula C 02 H.CH:CE.C 02 H to both maleic and 
fumaric acid, to consider that the difference in 
structural formula is one that cannot be repm- 
sented on a plane surface but only in space. 
Various attorn;^ have been made to express a 
difference in structure upon paper. Thus while 
the formula C 02 H.CH:CH.C 02 H has commonly 
been assigned to fumaric acid, maleic acid has 
been represented by CO 3 H.CH 2 -C.CO 2 H (Fittig, 
A. 186^ 42; cf. Hiibner, B. 14, 210), by 
CH.0(0H)3v CH.C(0H)~—\ 

H \0, and by U yO yO 

CH.CO—/ CH.C(0H)-^ 

(Anschutz, A. 239, 161; Aw. 9, 253; W.Boser, 
A. 240,133). Erlenmeyer, on the contrary, sug¬ 
gests that maleic acid is COjH.CH:CH.CO|H, 
while fumaric acid may have the double formula 

CO.H.CH:CH.C(OHX^>C(OH).OH:CH.CO,H 


(B. 19, 1936), although Baoult’s method of 
determining molecular weights indicates that 
j this is not the case (Paternd, B. 21, 2168), 

1 Maleic acid is much more prone to react 
I with other bodies than fumaric acid, and 
I this would bo represented by the formula 
j CO. 2 H.CH 3 .C.CO 2 H, containing a divalent carbon 
i atom, and perhaps also by the anhydride formula 


CH.C{0H)3>. 

11 >0 of Anschutz. Thus maleic aoid 

CH.CO—/ 

combines at once with HBr and with bromine, 
whereas fumaric acid requires to be heated (in 
the case of Br the products are different). Again 
acid aniline maleate readily splits off water when 
its aqueous solution is left to stand for a few 
days, or when it is boiled, a crystalline pp. of the 
acid anilide C 02 H.C 3 H 3 .C 0 NHPh being formed; 
under these conditions the acid aniline fumarate 
is quite stable (Michael, B. 19,1372). The che¬ 
mical differences here noted between fumaric 
and maleic acids hold good also between citra- 
conic and mcsaconic acids, and between (a)-oou- 
maric and ( 8 )-coumaric acids. There is also but 
one anhydride to each of these pairs of acids. 
The fact that fumaric* acid, on oxidation by 
KMnO„ gives racemic acid, while maleic ^d 
gives inactive tartaric acid, has been explained 
by Le Bel by the aid of formulas represented in 
^ree dimensions {v. also Lossen, B. 20, 8810; 
Anschutz, B. 21, 618). According to Knojpa (A. 
248 176) the molecular refraction of furnano and 
maleic acids and their ethers indicates that both 
these acids contaig the group C;C. ^e tenn 
♦allo-isomerism’ has been applied tosueboases of* 
isomerism as that here described: fumario aoid 
may be called allo-malMO acid. , 

Be/erenc«.— Malbio Aon>, BEOMo-iuiuaio 
Aom. and Chlobo-tohamo , . , . ^ 

FUMABIHS. An alkaloid contained in fa* 
autory(F^manaq^nfliw)(Pesobier; Hannon, 
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J. Ckim. Mid. [8] 8,70i!; Preuss, Z. [2] 2,414; 
Bh £2J 7,458). The plant gathered in fdl flower 
may contain 5 p.e. ^ lomarine. The plant is 
eitraoted by difnte acetic acid at 100°, the ex¬ 
tract eyaporated, the sympy residue dissolved in 
^oohol, and deoolonrised by animal charcoal. 
Fonmrine acetate orystalHses from the alcoholic 
6(dntion in slender needles. iL^ueous KOH and 
Na,COa separate fnmarine from its salts as a 
cutdy pp. It orystallisea in six-sided irregular 
monocUnio prisms, si. soL water, insol. ether, 
sol. alcohol, chloroform, benzene, and CSg. Its 
solution has a bitter taste and alkaline reaction. 
Gone. HNO| does not colour it. Cone. HjS 04 
forms a dark-violet liquid. Its hydrochloride 
uod snlphate crystallise in prisms, sL sol. 
water; its platinoohloride and auroohlor- 
id9 crystallise in octahedra. 

FT/ICABTL CHIiOBISE v. Chloride of Foua- 
BIO ACm. 

nrspnucBoiElK v. FUBFUSTIi-^CBTLia 
ALDBBTDX. 

FtJBFTIEAOBTLIC ACID v, Fubfobyl-aobt- 

UO ACID. 

FDBFUEAL v. Fubturaldehydb. 

PUBPUKAI-compoufuis v. Fobtubyi-me- 
YHTZiSKB compounds. 

PTTBFtJBAL-ACSXOACETIC ETHEB. De¬ 
scribed nnder Aobto-acbtio aoud. 

PtlBFDBAL-ACETONE v. Fubfuryl-vimyl 
KXTHTL ketone. 

PirBPUBAL.B£NZTDn)£NE^C£TONS v. 

POBTUBTL-VINYL STYBYL KBTOKX. 

PirBPDBAI-CABBAXIC £TH££ v. Fobfu* 

BYlrlCBTHYLENE-DICABBAMIC ETHBB. 

PUBPDBAICOHOL v. Fubfubyl-cabbinol. 

PDBPUBALDEHYDE C^H^O^i.e. C^HjO.CHO. 
Pyromueic aldehyde. Furfural. Furfural. Fur- 
furane-carboxylic aldehyde {Furfur »bran). 
Mol. w. 96. (162°) (Bruhl, 235,7). V.D. 3*34 
(calc. S-82). 8.G. ^ 1*1^94 (B.). 8. 9 at 13° 
(Stenhouse); 8*8 at 15*6° (Fownes). md 1*5201 
(B.). S.V. 95*53 (R. Schifl, A. 220, 103); 103 
(Ramsay). HJP.p. 5085 (Ramsay, C. J. 35,703). 
IHspersion value: Bruhl, A. 236, 269. 

Occiirrence.—Has been observed in branOy 
(Morin, 0. R. 105,1019), and is a constant im¬ 
parity in isoamyl alcohol prepared from fusel 
oil(Udr&nsky,H. 13,248). 

Formation. —1. A general product of the de¬ 
structive distillation of the carbohydrates or of 
substances containing them, such as wood. 
Formed also in'the torrefaction of coffee and 
cocoa and occurs in tobacco smoke (Vdickel, A. 
85,65; Hill, Afn.d,36; H. Schiff. G. 17, 355; 
Gaos, Stone, a. ToUenB,*B. 21, 2148; V. Meyer, 
B. 11,1870; FSrster, B. 16,322; Jorisson, B. 16, 
574).—2. By distilling the following substances 
with dilate salphurio acid: bran, starch, oatmeaL 
sugar, madder, sawdust, linseed cake, cocoa-nut 
shells, m^ogany, and eveiir according to Udran- 
sky (E, 12, 377), of proteids (Doebereiner [1831] 
8chw- /. 68, 368; A. 8, 141; Stenhouse, P. M. 
[8] 18,122; 87,226; A. d6,<301; 74,278; 156. 
197; Fownes, 2V. 1845,258; A. 54,52; Ph. 8, 
118 ; Oahours, i. Oh. [8] 24, 277; Emmet, 
Am, 8. 82,140) Gadkoff,^^. 1870,862; Gnyard, 
BL [2] 41, 289).--3. By distilling sugar with 
MnO, and dilute sulphorio acid.<-4. By heating 
bran with a very strong solution of ZnOl, (Von 
Babo^ A, 85,100}.—5. By heating wood shavings 


with water for four hours at 200° (GreviUa 
WiUiams, 0. N. 26, 281, 293; H. Mfllier, 0. N., 
26,247).—-6. Formed in small quantity by boil¬ 
ing sugar with water; this accounts for its 
occurrence in brandy (Fdrster, B, 15,280,822). 

7. One of the products obtained by heating 
(a)-aoro 8 one to 140° (E. Fischer a. Tafel, B. 22, 
99). Obtained also by heating a dilute aqueous 
solution of gluooBone in a sealed tube at 140° (E.« 
Fibber, B. 22, 98).—8. By heating a 5 p.o. 
aqueous solution of mannite in a closed tube for 
4 hours pt 140° (E. Fischer a. Hkschberger, B. 
22,369). 

PreparaHon.-^X. By distilling sugar (1 pt.) 
with MnO) (3,.pts.), ^304 (3 pts.), and water 
(5 pts.); the distillate is neutralised by Na^CO,, 
redistiiled, and saturated with OaC^ (Doebe¬ 
reiner).—2. HgSO. (100 pts.), water (300 pts.), 
and bran (100 pts.) are distilled togetner. The 
product is neutralised by NajCO,, redisiiUed, 
saturated with NaCl and re-distilled (Sohwanert, 
A. 116,257). The yield is small (less than 3 pts.). 
The crude furfuraldehyde is treated with dilute 
E 2 S 04 and a little K^Cr^O, to remove 'meta¬ 
furfural,* dried over GaCl,, and reotifled.—3. An 
abundant source of furfuraldehyde is in the pre¬ 
paration of' garanoin' by boiling madder with 
dilute sulphuric acid. 

Imparity.—Cmde furfuraldehyde is liable to 
contain a readily oxidisable oil of higher boiling- 
point, which is for the most part resinified 
during the distillations. When this 'metafur- 
furol* is present the furfuraldehyde gives a 
purple colour when mixed with a few ^ops of 
cone. H 2 SO 4 , of HClAq, or of HNO,; in this 
case also the aldehyde, after boiling with 
aqueous KOH, turns red on acidification. 

Properties .—Colourless oil which, except 
when quite pure, slowly turns brown when ex¬ 
posed to light. Its odour resembles that of a 
mixture of the oils of cinnamon and of bitter 
almonds. It burns with a smoky flame. Fur- 
furaldehyde when present in a liquid imparts a 
rose-red colour to paper saturated with anilina 
acetate (Guyard, Bl. [2] 41, 289); but its pre¬ 
sence is best detected by a mixture of equal 
volumes of xylidine and glacial acetic acid to 
which a little alcohol is added when the intense 
red colour of C 4 H,O.CH(Cj,H 3 Ie,;NH 2)3 is pro¬ 
duced : this reaction is exhibited by the product 
of the distillation of *00005 g. sugar (H. Schiff, 
0. 17, 366; B. 20, 540). Furfuraldenyde may 
be substituted for sugar in Pettenkofer’s reaction; 
thus a drop of a solution of furfuraldehyde (1 pt.) 

water ( 20,000 pts.) ^ves a crimson colour on 
the addition of cholic acid and H,S 04 . The 
following substances also give the red colour 
with HjSO. and furfurald^yde: isobutyl alco¬ 
hol, allyl alcohol, tert-butyl alcohol, tert-&mjl 
alcohol, isoamyl ^cobol, oleic acid, petroleum, 
acetal, aldehyde, aceto-acetio ether, acetone, 
glycol, malic acid, alizarin, aniline, anthracene, 
anthraquinone, atropine, benzoic aldehyde, 
bomeol, pyrooateohin, brucine, quinio acid, 
cholesterin, cinchonine, codeine, ooniferin, 
coniine, ooumarin, oymene, dimtalin, di-methyl- 
aniline, di-phenyl-amine, gdlio acid, oretol, 
mesitylene, methyl alcohol, methyl-aniline, 
morpnine, naphthene, (a)-naphthol, oroin, 
par^n, phenanthrene, phenol, phenyl-hydra¬ 
zine, pUoroglooin, propionic aldehyde, proto* 



FURFURALDEHYDE. 


587 


Cftteohmo Mid, pyrogallol, resorcin, salicylic acid and anilme dissolved in cold ether or alco- 
acid, Boatole, stearic acid, strychnine, toluene, hoi forms the compound [185°] 

thymol, tyrosine, veiatrine, and xylene, and (to vfhioih cryslalliseB in needles, insol. water, ether, 
a slight extent) isopropyl alcohol. The follow* acids, and alkalis, el. sol. cold, m, eol, hot, 
ing do not give the red colour: alcohol, propyl alcohol; v. sol. HO Ac. This compound gives 
alcohol, acetic acid, isobutyrio acid, acroleiin, off aniline when warmed with acids or alkaiia 
benzene, acetamide, acetophenone, alloxan, 
aspartic acid, benzonitrile, benzoic acid, succinic 
Void, pyruvic acid, butyric acid, caffeine, quinine, 
quinoline, quinone, quinozaline, chloral hydrate, 
ohlorofomi, citric acid,crotonio acid,oyanamide, 
dextrin, dnlcite, fumaric acid, lactic add, gly* 
oerin, glycocoll, glycollic acid, uric acid, urea, 
hippuric acid, isatiu, malic acid, maltose, man- 
delio acid, mannite, methylamintf, oxalic acid, 
phenylene-m-diamine, phenyl-acetic acid, picric 
acid, piperidine, pyridine, h^droquinone, mucio 
aoid, starch, glucose, tannin, tartaric acid, and 
cinnamic acid (Mylius, H. 11, 492; Udr&nsky, 
n. 12, 856). 

Beactions. —1. When its aqueous solution 
is boiled with AgP silver is deposited, and silver 
pyromucate crystallises out of the cooled fil¬ 
trate.—2. Hot nilric acid forms oxalic acM.—3. 

Cold cone. H^SO^ dissolves it unaltered and 
without becoming coloured ; carbonisation sets 
in on heating.—4. Aqueous KOH, even in the 
cold, forms resinous products. Alcoholic KOH 
forma pyromucic acid and furfuryl-carbinol 
(Ulrich, C. K 3,116; Limpricht, Z. [2] 5, 599). 

5. Converted into furoin C^HhO^ by heating 
with aqueous KCy.~6. When mixed with ben- 
soic aldehyde (1 equivalent) and treated with 
KCy it gives benzfuroin C,H,(,0,. [139®] 

(Fischer, A. 211, 228).—7. With nitro-elhane 
and aqueous KOH it gives furfuryl-nitro-ethyl- 
ono C^H 30 .CH:CH.N 0 j [75®] which crystallises 
in long yellow prisms (Priebs, B. 18,1362).—8. 

ZnEt^ followed by water forms furfuryl-propyl 
alcohol 0,HACH(0H).C2H, (180®) (Pawlinoff 
a. Wagner, S. 17, 1968).—9. Condenses with 
acetone in presence of alkalis forming furfuryl- 
vinyl methyl ketone C 4 H 30 .CH:CH.C 0 .CH., and 
di-furfuryl-di-vinyl ketone (C 4 H 30 .CH:CH)^C 0 
(Claisen a. Ponder, A. 223, 145).—10. By add¬ 
ing aqueous NaOH to mixed aqueous solutions of 
furfuraldehyde and chloro-acctic-aUlehyde there 
is formed C^HjO.CH-.CCl.CHO which crystal¬ 
lises in broad yellow needles [79°J sol. hot water, 
ether, »id alcohol. This aldehyde forms a 
phenyl-hydrazido [157®] and an oxim [165®]; 
moist AgjO oxidises it to a-chloro-furfuryl- 
acrylic acid C*Hj 0 .CH:CCl.C 02 H which crystal¬ 
lises in tufts of white needles [142®]. The a- 
ohloro-furfuryl-acrolein is converted bykoiliaig 
with sodium acetate and silver oxide into 
C.H,O.CH:CCi.CH:CH.Cq.H which forms yel¬ 
low interlacing needles [168®] (Mehne, B. 21, 

423).—11. When furfuraldehyde is adminis¬ 
tered to dogs or rabbits in doses of 6g. daily 
little toxic effect is produced; th^urine is found 
to oontain pyromucic acid, pyromuouric acid 
(glycocoll pyromucate) C 3 H,N 04 [166®], and 
glycocoll furfuryl-aorylato OgHjNO^ [216 ]. 

Boiling baryta-water splits up the two last- 
named compounds into glycocoll and pyromnoio 
or furfuryl-acrylio acids respectively. Fowls are 
soon killed by taking 1 g. of furfnraldehyde per 
day; their excreta then contain pyromucorm- 
thario aoii 0.,H,.N,0, [186«] {J»ff4 ». Cohn, B. 
to, 2811; 21,8461).—12. A mixture of pyruvic 


(Doebner, A. 242, 284).—13. A mixture of pyru¬ 
vic acid and aniline in warm alcoholic solu¬ 
tion forms furfuryl-quinoline carboxylic acid 
04 Ha 0 .C,NH..C 03 H [210®-215°] (Doebner).— 

14. Furfuraldehyde may be substituted for mu-. 
zoic aldehyde in Perkin’s reaction. Thus with 
NaOAo and Ac^^O it gives furfuryl-acrylio acid.— 

15. Thioglycollic acid reacts with formation of 
C4H,0.CH(S.CH,.C0.^), [105®] (Bongartz, B. 
21, 478).—16. ^ueous ammonia in the cold 
converts furfuraldehyde in a few houra into 
* furfuramide * (C 4 HjO.CH),N 2 [117®] a crystal¬ 
line body analogous to hydrobenzamide. Boiling 
aqueous KOH converts furfuramide into a base, 
furfurine CuHi.N^O,.—17. Combines with se¬ 
condary and primary amines or with 1 mol. of 
each to form coloured compounds. Thus with 
mono-methyl-aniline it gives the compound 
CiH,0.^2CbHj.NHMe, whose hydrochloride 
(B'HCl) forms splendid violet crystals [94®] 
which dissolves to deep-red solutions. With 
anilme and mono-methyl-aniline it gives 

C 4 H 40 a N^e’ anilineand tolylene 

diamine it gives { 05 H 40 .j)a | • With 

aniline and benzidine it gives 

. The hydrochlorides 

of these bases crystallise in bronzy metallic 
crystals which dissolve in alcohol with violet 
colour. With aniline and amido-benzoic aoid or 
w'ith aniline and naphthylamine-sulphonic acid 
furfurol yields the compounds: 

P TT A / C^Hj.NHj 

PHo /C«U,NHa 

^‘“*^nC4oH,(NHa)SO,H 

nium salt of di-nitro-amido-phenol (picramio 
acid) it gives {CjHAHCaHiNOa)a(N^(0]^) 
whose ammonium salt crystidlises in glistening 
golden needles. Weak acids decompose it into its 
constituents (Sohiff, B. 19, 847 ; cf. Stenhouse, 
A. 166,199). Furfuraldehyde combines directly 
with one equivalent of m-amido-benzoic acid, of 
amido-salicylio acid, and of aAido-ouminic acid 
forming dichroio needles with neutral proper¬ 
ties (SchilT, A. 201, 365; (?. 10, 67). The com¬ 
pound of furfuraldehyde with TO-amido-benzoic 
acid may be represented on the rosaniline typo 
thus; C 4 H 40 .CH( 0 H).C.H,{C 03 H)NH,(Schiff, G. 
J.7,329).—18. An alcoholic solution of aniline (46 
pts.) and aniline hydrochloride (65 pts.) reacts 
upon furfurol (48 pt») forming the hydrochloride 
of ‘ furfuraniline * CjH 402 {NHjPh)jH 0 I (o. 
supra), which crystallises from alcohol in purple 
iieedles,insoLwater. The free ‘furfuraniline’^ 
is an unstable brown amorohons mass.—19* 
m-NitTO-anilins forms 08H4\KOg)NH|(0*H40^ 
ri00®>120®] which orystallises 4rom alcohol in 
iOTon - yellow emsts. Its hydrochloride 
0. jH^NjO^HCl forms oopper-oolonred plates and 
gives a crimson solution in alcohol.— 20. i>i- 
phsnylamine (2 moU) at 150° forma a com* 


and 


With the ammo- 
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potind whoM hjdioohloride Is copper^coloared 
and forms a orimaon solution in alcohol. Di* 
phenylamine hydrochloride gives the same body. 
21. p-Amido-phenol in dilate aqueous solution 
reaots with elimination of water, depositing 
after some time small yellow prisms of * oxyfur* 
furaniline»C^HjO.CHiN.CgH^OH [182®] which i^ 
sol. alcohol, and forms a hydrochloride that 
crystallises from alcohol containing NH^Cl in a 
form resemblingrosaniline hydrochloride (Schiff, 
0. 10, 60; A. 201, S68). — 22. Phenylene- 
o^diaynine hydrochloride solution forms 
(C,H,O.CH)jN,CjH^ [96®] (Ladenburg a. Engel- 
brecht, B. 11, 1653).—23. Tolylene-m-diaminc 
forms (CjH, 02 )j 0 ,H 3 Me(NH 2 )j a crystalline sub¬ 
stance, decomposed at 125® ifithout melting. 
Its hydrochloride forms an intense crimson 
solution in alcohol, but is much less stable 
than the corresponding compound with tolylene- 
o-diamine (Schiff; cf. Ladenburg, B. 11^ 695).— 
24. Betizidine in alcoholic solution forms yel¬ 
low needles of (C^H,0.CH:NH),C,.;H,; which 
gives a hydrochloride cr^taUising in copper* 
coloured scales, and a platinochloride separa¬ 
ting as a yellow crystalline powder.—26. When 
triturated with m-amido-henzoic acid it com¬ 
bines to form (C,H, 0 JC,H,(NH,).C 02 H which 
crystallises in small diohroio scales resembling 
a salt of rosaniline. Its hydrochloride forms 
red velvety crystals and gives crimson solutions ; 
in alcohol and HOAo. It dissolves in NajCO^^Aq ! 
without evolution of CO,.—26. A mixture of j 
aniline hydrochloride and methyl-aniline give a I 
ruby-red colouration turning green and ^ally | 
violet; the body formed in this reaction 
CjH,0,(NHjPh)(NHMePh)HCl is a crystaUine 
mass, V. sol. alcohol, insol. water. — 27. {&)-Naph- 
thylamine forms, with elimination of water, 
C4H|0.CH:N.C,*H, [85®]. It crystallises from 
alcohol in colourless scales. Its hydrochloride 
B'HGl forms yellow needles dissolving in alco¬ 
hol with a deep red colour (Schiff, Q. 17, 340).— 
28. Di-methyl-aniline and ZnClj heated with fur- 
furaldebyde form [83®] which crys¬ 

tallises from ligroin in needles. It forms a crys¬ 
talline platinochloride B^HoPtCls and picrate 
B"(C,Hj(NO,),OH)j (Fischer; if. 206, 141).—29. 
{Py,S)-Metkyl-yuinoli7ie heated with an equi* 
valent of furfuraldehyde at 100° together with 
a small quantity of ZnCl^ forms a base C,iH,,NO 
which crystallises from ligroin in needles or 
tables that turn black in daylight. Its salts 
B'HGl, B'HNO,, B'H,SO« aq, B'5H2PtCl,2aq, and 
B'C,H.^{NO,),OH are crystalline (Srpek, B. 20, 
2044).—80. Carbamic ether in presence of HOI 
forms C 4 H 30 .CH(NH.C 6 ^t )3 [169®] which may 
be sublimed as long thin needles, insol. water, 

V. e, soL alcohol and ether (Bisohoff, B. 7,1081). 
81. A solution of urea nitrate is coloured 
violet by furfuraldehyde and the solution gradu* 
^y deposits a black substance (Schiff, B. 10, 
778).—82. Ammoni/um sulphide forms thiofur- 
fur^dehyde C^HjO.CHS (Cahours, A. Ch, [.3] 
24, 281), which is a yellow orystalline powdei. 
When heated thiofnrforaldehyae gives off an un¬ 
pleasant odour and yields a sublimate of a poly- 
meride of furfuraldehyde [98*^ (Sohwanert, A. 
184, 61)<->88. With benzil and alcoholio NH, it 
forms two compounds of the formula 
[240®] and [above 800®] (Japp a. Hooker, C. /. 
46, ^).--84. With phenaBthraquinone and 


NH, it givea 0„H,<®>C.0,H,0 [231°] (Japp 
a. Wiloocfc, C. J, 39, 217). 

Combination. C*H,O.OH(OH).SO,Na. 
Formed by adding alcohol to a solution of fur¬ 
furaldehyde in cone. NaHSO,Aq. Wliite lamins, 
with fatty lustre. 

Oxim O^HjO.OHiNOH. (B9®]. (201®-208®)^ 
Formed by the action of hydroxylamine (basojT 
on furfuraldehyde (Odernheimer, B. 16, 2988). 
^ng thin white needles. By heating with HCl 
it is rekolved into its constituents. Salts.— 

1 CjHiO.NOH.HCl: white crystaUine powder, sol. 
w.ater and alcohol.—G 4 H^O.N(ONa) 3aq: white 
I scales. It gives characteristic pps. with the 
I salts of the heavy pietals. 

Ethyl ether CiH,O.N(OEt): colourless 
liquid, volatile with steam, lighter than water, in 
which it is slightly soluble. 

Phenyl hydraside 0 ,H 30 .CH:N,NHC„H 3 . 
[98®]. Formed by adding a solution of phenyl- 
hydrazine hydrochloride (g-. v.) and sodium acetate 
to an aqueous solution of furfuraldehyde; 1 pt. 
of furfuraldehyde in 10,000 pts. of water gives a 
distinct crystalline pp. (Fischer, B. 17, 674). 
Fine colourless plates. Insol. water, sol. ether, 

I from which solution it is ppd. in crystals by 
I adding ligroin. 

i Di-phenyl-hy dr aside C,HaO.CH(NPh) 2 . 

! [69®] (Cornelius a. Homolka, B, 19, 2240). 

I FUEFUBAMIBE i.e. 

I [117®]. Formed as a crystalline mass by allow¬ 
ing furfuraldehyde to stand for some hours with 
(5 times its volume of) cone. NHjAq (Fownes, 
Tr. 1845, 263; A. 54, 65; K. Schiff,/i. 10,1188). 
Tufts of needles (from alcohol). Insol. cold 
water, v. sol. alcohol and ether. When heated 
with water it is slowly resolved into ammonia 
and furfuraldehyde; this change is instantly 
produced by acids. H^iS yields thiofurfuralde- 
hyde (v. supra). Boiling dilute KOH converts 
furfuramide into the isomeric furfurino. When 
heated with an alcoholio solution of phenyl 
tbiocarbimide it forms a crystalline compound 
G-jHi^NgSO,, insol. water, si. sol. cold alcohol. 

FffBFBBANE C^H^O. Furane. Tetra- 
phenol. Tetrol. Tetrane. (31®). V.D. 2*4. 
S.G. 2 '964; - 944 . Formed by distilling 

barium pyromucate with soda-linie^. (Rohde, 

B. 3, 90; Limpricht, A. 165,281). Formed also 
by the action of PClj on itf. dihydride. The 
product is washed with KOHAq, dried by KaCO„ 
and rectified (Henninger, A. Ch. [ 6 ] 7,222). It 
i 8 ,a liquid, unacted upon by RHO, aniline, or 
hydroxylamine. Colours pine-wood moistened 
with HGl emerald green (Canzoneri a. Oliver!, 
<3. 16, 490). HCl converts it into a yellow- 
black compound. PCh forms with it a black 
compound. With Br, C^H,OBr, and C^HgOBr^ 
[ 6 ®] ( 66 ®) at ram. are formed. 

Furfurane dibydride C^HgO. (67®). S.G. 
s -967; *95. V.D. 2*36. 

Preparation.^k product of the action of 
formic acid on erythrito. Separated from the 
crotonio aldehyde, which is also formed, by frac¬ 
tional distillation (Henninger, A. Ch. [ 6 ] 7,218). 

Very stable liquid; does not 
blacken nor polymerise. Forms a dibromide 

C, H^r,0. [12®]. (95® at 80 mm.). Yields fur- 
furane (81®) when heated with PC1|« Cone* HI 
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lad jellow phosphorus giye sec-buijl iodide 

( 120 °). 

Dbrxvatitbb of fubfurane. — Furfurane 
(G^HJO is the oxjgen analogue of thiophene 
(O(Ht)S and pjrrole (C^H 4 )NH, and all three 
compounds are doubtless constituted in an ana* 
logons manner. Since in their reactions they 
resemble benzene and its derivatives rather than 
the fatty group, it is generally held that their 
molecules should be represented by ring formula. 
When pyromucio acid is distilled with lime and 
ammonia-zino chloride, it yields pyrrole^as well 
as furfurane. In this reaction we may suppose 
the 0 of the furfurane directly displaced by NH 
(Ganzoneri a. Oliver!, 0. 16,486). •When a mix¬ 
ture of pyromuoic acid, aniline, and ZnCl.^ is 
heated (a)-napbthylamine is produced. In this 
reaction the (nascent) furfurane acts (like an 
ulcoholf phenol, or glycide) as if it were the an¬ 
hydride of the alcohol CH{OH):CH.CH;CH(OH), 
the reaction being: 

GH:CH. CH.CH=CH 

I > 0+11 I 

CH:CH/ CH,C(NH,):CH 

CH;CH.C.CH-==-CH 

-I II I +il.0 

CH:CH.C.C(NHj):CH 

(C. a. 0.). Ab another instance of the analogy 
of furfurane witli thiophene an4 pyrrole, wo 
may take the condensation of acetophenonc- 
acetone Ph.CO.CHj.CH,.CO.Me or the alternative 
Ph.C(OH):CH.CH.C(OH).Me, which by treatment 
with PjO, loses HjO, giving phonyl-methyl- 
ClI-HO 

furfurane I I ■ In an analogous man- 
MeC—0-CPh 

ner, when-heated with PjS,, it gives phenyl- 
CH-HC 

methyl-thiophene I I ; and with alco- 
McO-S-CPh 

holic NH, it gives phenyl-mclhyl-pyrrole 
CH-UC 

I I (Paal, B. 18, 367). Just as 

McC-NH-CPh 

l’h.CO.CH,.CH..CO.Me yields a furfurane deriva¬ 
tive by condensation, so acetonyl-acetone 
MeCO.CIL.CHj.CO.Me, di-acetyl-suooinio ether 
Me.CO.CH(CO,Et).CH(CO,Et).CO.Me, aoetonyl- 
aceto-aoetio ether Me.C 0 .CH 2 .CH{C 0 -Et).C 0 ,Me, 
and di-t<jWI-ethyIene C,H,.CO.CH,.CH,.CO.C,H, 
yield corresponding derivatives of furfurane. 
Piketones of the form RCO.CR'(OH).CH,.CO.B" 
and B.CO.CR':CH.CO.R'' yield on reduction fur- 
CR'.CH 

furane derivatives / \ (Jappa.Klinge- 

RO-O-CR" ^ 

maun, B. 21,2932). 

Furfurane being analogous to benzene, the 
radicle 0,H,0 will resemble phenyl in its general 
character. Baayer proposed to call this radiolo 
‘ furfur ’; but it is called furfur^ in this Dio- 
tionary. 

Befermces.- Baszo-w- MKravL-M-rnarDiuMK 
nx-cuBoxviiJO acm, vol. i. p. 478; BaoMo-roa- 
icBiss, vol. i. p. 672; Di-«Eiim.-Ft;BroEAira, 
MaxHVii-irOBruaaNR ouiboxylic Acms, Di-PHaNYL- 
aoafUAAMB and ita oaaBozinic acu}, Pbbnyl- 
KaTYCYL.YuaYnBaas and ita caaBOXYXUo aom, 

PHailYI,-DX-MaYHYI»-FUBYnBaNB ni-OABBOXYMO 

sxaaa, yol, i. p. 496; Bt-ioLYL-irorDKaN*. and 
Pxaouuoio asm. 


FiraFTrBAlfE.CABBOXYIIC’AOID r. Pybo. 

uucic Acin. 

Furfurane di-carboxylio acid v. Dchydro- 
MtJCIC Aon>. 

FUBFITBAKOEIIC ACID v. FurfubtloAKOK- 

LIO ACID. 

, FTrEFUBBUTYLFNEu.FuRfuaiL-BOiYtENB. 

FUBFUB'CBOXpNIC ACID v. FobfobtIj-cbow 

TOMIO ACID. 

FUEFUE-CYANIDE v. Nitrile of Pybo- 

HDCIC ACID. 

FIIBFUEINE C„H„0,Nr [116°]. 8 . *76 at 

100 °; *021 at 8 °. 

Pr^para^iow.—Furfuraldehyde, obtained by 
distilling bran with dilute H-^SO^.is converted by 
strong NH, int) furfuramidc. Furfuramide is 
boiled with very dilute KOH for 10 minutes, on 
cooling furfurine separates as slender nee^es. 
These are boiled with excess of oxalic acid, the 
solution is decolourised by animal charcoal and 
allowed'to crystallise. The acid oxalate then 
separates. It is decomposed by NHt (Bahrmann, 

J. jyr. (2] 27. 311; cf. Fownes, Tr. 1846, 263; 
Stenhouse, A. 74, 289 ; Svanberg a. Bergstrand, 
J.pr. 66, 239; Bertagnini, A. 88,128). 

Properties. —Soft white silky needles. Per¬ 
manent in the air when dry, but turns brown 
when exposed to moist air. SI. sol. water, v. e. 
sol. alcohol and ether. Its solutions exhibit 
alkaline reaction. 

Reactiom.—l. Acetyl chloride added to an 
ethereal solution of furfurine appears to form a 
molecular compound, which, however, is decom. 
posed by alcohol into furfurine hydrochloride and 
acetyl furfurine, thus : 20,jH,jOgNj +AoCl 
= C„H„0,N5,HC1 + C„n„AcO,N^ — 2 . Beneoyl 
chloride appears also to form an unstable mole¬ 
cular compound, it is decomposed by warm alco¬ 
hol, and (he product may be C,.,H,,( 0 Et)B 20 ^j. 

3. Chlorofomiic ether, ClCO^Et, added to an 
ethereal solution of furfurine, forms furfurine 
carboxylic ether : C,i,H,,(C 0 ^t) 03 N, [124°] 
(Bahrmann, J. pr. [2] 27, 311).—4. ^r/Urine 
separates iodine from aqi^eous periodic aeid 
(Boflekor, A. 71, 64).~ 6 . A very dilute solution 
of KNO., added to one of furfurine sulphate, 
gives a pp. of the n i tro 8 am i u e G,.H,|(N0)N,0, 
wlncii separates from ether in golden triolinio 
crystals [ 112 °] insol. water, m. sol. alcohol and 
other (R. SchilT, B. 11,1250). But if the solution 
of furfurine sulphate be not very dilute, a com¬ 
pound [95°] separates after^ some 

time. This is yellow and crystalline, and is also 
formed by saturating an alcoholic solution of 
furfurine sulphate with nitrous gas. It is insoL 
water and ether, v. sob alcohol, and forms • 
platinochloride (C,*H„N 40 , 5 ) 3 H.PtCl,. 

Salts.—Furfurine expels NH, from boiling 
aqueous NH 4 CI, but is itself ppd. by from 
fts salts in the cold. The salts of furfurine have 
an extremely bitter.taste. They are ppd. by 
HgCl, and by H,PtOl,.—B'HGlaq: tufts of silky 
needles, v. sol. water, m. sol. HOlAq. Neutru 
in reaction. Does^ot effloresce over HjSO*.— 
long light-yellow needles.—B'HIaq ) • 
slen(fer, oblique, four-sided prisms. S. 18 in thr 
cold.—B'HBraq; short prismatip needles. 8.8*9 
(Pavidson, Nd. N. Phil. J. [9] 9, 984).— 
B';H,Or..O,: orange-yellow powder, si tol. cold 
water (D.).—B'BNO,: trimeirio prisms (from 
aloobol).—B'HClO^aq: long thin kimetrid 
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FURFUBINE. 


priamB [160®-160°]. EfiQoresoea 60*. V. sol. 
water and alcohol (BOdeker, A, 71» 63 ; Danber, 
it. 71, 67).—B'HjSOi 3^aq: prisms, ▼. sol. water, 
m. sol. alcohol and ether, si. sol. dilute E^SO^. 
Efflorescent.—^B'H 3 pO«: four-sided trimetric la- 
mime. [200®-216"]. V. sol. hot water and alco¬ 
hol, insol. ether.—B'^HiFOf: glittering, oblique, 
four-sided prisms: v. sol. boiling water and al¬ 
cohol, nearly insol. ether. Neutr^ in reaction.— 
B'jHjPO,: long, oblique, four-aided prisms with¬ 
out lustre; permanent in the air; y. sol. water 
and alcohol, si. sol. ether. Has an alkaline re¬ 
action.—B' 4 H 4 paO,aq: glassy crystalline crust; 
y. sol. water and alcohol; neutral in reaction.— 
B^C,0«: thin tables, y. si. sol. cold water. 

.dcefpJderivafiueC,jH„i^NjOs. [c. 250*]. 
From furforine and AcjO by gently warming 
(R. Sohi£f,B. 10,1188). White flooculent micro- 
orystailine mass (from boiling alcohol). Insol. 
water, m. soL alcohol and ether. Not saponi6ed 
by boiling aqueous KOH. Docs not Combine 
with acids. With bromine in HOAo it forms a 
hexabromide C,jH„Br,AoNaO, which is ppd. 
on adding water. 

Ethyl-furforine 0,sH„EtN,0g. The hydriod- 
ide is formed by heating an alcoholic solution of 
furfnrinewithEtlat 100*(Davidson). Itseparates 
by evaporation of the cold alooholio solution in 
prisms. S. 2*8. M. sol. alcohol and other. Moist 
Ag,0 converts it into a syrupy alkaline hy¬ 
droxide which forms a platinochloride 
( 0 .gH„EtNA),H^tCl,. 

Itoamyl forfaiine C,gH„(CjH,,)NA* 
hydro-iodide prepared by heating furfurine with 
isoamyl iodide is a radio-crystalUne mass. The 
platinochloride ^ yellow pow¬ 

der, si. sol. water. 

FlTBFXrBO-BENZlBINE v. FuRrusALnsaTDE, 
Btaction 23. 

FUBFUBOL o. PoBFCiujj)SBTnii. 

Fl7BFUB0-i[B)-HAPETETLAMIKE v. Fob- 
VUBALDIHTDB, M^Uon 26. 

FUBFUBONITBIIE o. NUHU of Ptbokucio 


FTrErUSHrACKOlElN v. FOBFUBtL-ACBT- 
UO ALnBBTDK. 

FUBFUBYL-ACBTUC ACID C^HgO, ».«- 
G 4 H, 0 . 0 H:CH.C 0 ^. Furfuracrylic acid, 
[136®]. 8. *2 {in the cold). Formed, by Perkin’s 
reaction, by heating furfuraldehyde (1 pt.) with 
NaOA^ (2 pts.) and AOjO (2 pts.) at 250° for 11 
honrs; the solution solidifies on cooling, and 
after dissolving ai NajCOnAq, the acid is ppd. 
by HCl. The yield is 80 p.o. of the theoretical 
fflaeyer, B. 10, 365; Harckwald, B. 20, 2811). 
Formed also by oxidatidn of the corresponding 
aldehyde, forfuryl-acrylic aldehyde, by AgjO (J. G. 
Bchmidt, B. 13, 2344). Formed, together with 
glyoocoU, by the action of boiling baryta-water on 
furforvl-acrylorio add, which is in the orine o^ 
dogs that havetalcen forfursJdehyde {q.v.). Long 


The Ag salt if m. soL hot water. 

Beaetum*^!* Beduced todium^amalgam 
*to forfuryl-propionio add.—2. Bromine acting 
on farfuzyl-acryiio forms orystaliine 

0,HgBr,O|, which is decomposed by water into 
di-bromo-forforyl-eUiylene and 00^ (£UU, B. 20, 
$859}.—8. When farfnraorvlie aoia is heated 
with 96 p. 0 . dUohol (8*6 pts.) and saturated with 
HCa there is formed an ether C|BtO(OOtEt)t 


(286°), possibly (C 02 Et.CHi.CH,):CO (since it 
forms a phenyl hydrazide [115°J and an oxim 
fdS*]); it is a heavy oil, and the corresponding 
add forms thin prisms [138°], and has a crys¬ 
talline silver salt. The acid 0 gH 90 (G 02 H),doe 8 
not combine with Br, is not reduoed by sodium- 
amalgam, and yields suooinic acid when oxidised 
by HNOg (Marckwald, B. 20, 2811; 21,1398). 
The acid ether OjH,0(CO,H)(COjEt) [68°] forms# 
a crystalline oxim [112°]. 

EthyletherT^tA!. (229°). Oil. 

a-Chloro-furfUryl-aorylio acid 
C4H,O.OH:CC1.CO,H. [142°]. Prepared by di- 
gesting a-ohloro-furfuryl-aoroleln with Ag 20 . 

jyoperfies.—Rosettes of white crystals, sol. 
hot water, alcohol, ether, benzene, and chloro¬ 
form, insol. light petroleum. It agglomerates 
before melting. Ck>no. HjSO, gives a red colour 
dianging to yellow on dilution. 

Balts.—Ou salt is a greenish pp. dissolving 
in ammonia with blue colour.—Pb and Eg salts 
are white pps., sol. hot water.—Fe salt is a red- 
brown pp.—Zn salt a white gelatinous pp.—Al¬ 
kaline and alkaline earth salts are v. sol. water 
(P. Mehne, B. 21, 426). 

FUEFUBYIACEYHC ALDEHYDE C,HA 
i.e. C 4 H, 0 .CH:CH.CB 0 . [51°]. (above 200^). 
Prepared by the action of aldehyde or paralde¬ 
hyde and aqueous KOH on furfurol (Schmidt, 
B-13,2342). Very volatile with steam. Long 
colourless needles. V. sol. hot, si. sol. cold, water. 

Beactions.—yifith aniline dissolved in acetic 
acid it gives an intense green colouration. Re¬ 
duces AgjO forming furfuiylaorylio acid. 

a-ChloTO-furfhryl-acrylio aldehyde 
04 S, 0 .CH:CC 1 .CH 0 . [79°]. From furfuralde¬ 
hyde, chloro-acetio aldehyde, and aqueous NaOH 
(Mehne). Broad yellow needles, sol. hot water, 
ether, and alcohol. Forms a phenyl-hydrazide 
[157*^ and an oxim [166°]. 

FTJBFDBYLAMUrE u. Fubfubtl-cabbinyl 
iMnne. 

FUEFTTBYL-ANGBLIC ACID C,B„0, U, 
CAO.CBiOEt.COjH. [88°]. Formed by gradu¬ 
ally heating furfuraldehyde with 7i-butyric an¬ 
hydride and sodium n-butyrate in an open vessel 
to 180° (Baeyer, B. 10, 1364; Tonnies, B. 12, 
1200). Silky needles (from hot water). Re¬ 
duced by sodium-amalgam to furfurvl-valeno 
acid. 

FirBFUBYL-BDTYLBHBC4B,O.CH:C(CH,)2. 
(163°). V.D--4*27. S.O.i|«*9509. Prepared 
by cohobating a mixture of furfuraldehyde 
(3 ptsj, isobutyrio anhydride (7 pts.) and fused 
sodium acetate (4 pts.) for twelve hours. Sodium 
isobutyrate usea instead of acetato gives the 
same product. • 

AddiUon product vnth NjO,. — OjBioO^N, 
[94°]; large listening tables; easily soluble in 
ordinary solvents. It decomposes at 145°«150° 


ECl it gives a mixture of forfurylbutylene oxide 
04 H, 0 . 0 H: 0 ( 0 H,), (a Uquid (186°), sol. water 

V 

and volatile with steam) and amido-fuif urylbutvl- 
ene oii^ (q.u.) OtHaO.O{KH|):0(OH|)a (Tdnnles 

^ 0 ^ 


ft. Stftob, B. 17» 861; B. 11,1611), 


FUEFURTL-QUmOLINE. 


m 


fUBFtIBTL-CABBINOZ. 

O^HsO.OHiOH. Formed by reducing f urfuralde* 
hyde with sodium-amalgam {Beilstein a. Sohmelz, 
it. Suppl. 8,275). Formed also, together with 
pyromucic acid, by the action of alcoholic EOH 
on furfuraldehyde (Limprioht, 2. [ 2 } S, 899). 
Byrup drying up to an amorphous resin; cannot 
be distilled. HCLA.q colours it green. Gives 
#iiooinio acid, HOAo, formic acid, and GO, on 
fusion with EOH. Aniline added to iu aqueous 
solution gives a yellow flocciUent pp.of 0„H,,N0, 
Aniline hydrochloride added to its slooholio 
solution ppts. reddish-green scales of 
0,iH„NO,NH,PhHCl (H. Schiff, 3, 19, 2164). 

FirBF17BYL.CARBINYL-AKIKB 
C,H,O.CH,.NH,. (146®) (C. a.D.); (135®) (T.). 
V.D.»49*1 (obs.). Prepared by reduction of 
pyromuco-nitrile with zinc and dilute H 2 SO 4 . 
The product is distilled with steam, the distiU 
late acidified and evaporated to a small bulk; 
on adding solid EOH the base separates (Gia- 
mician a. Dennstedt, 3. 14, 1476; (?. 11, 332). 
Obtained al^o by reducing the phenyl-hydrazide 
of furfuraldehyde (45 g.) dissolved in alcohol' 
(600 g.) with 2^ p.o. sodium-amalgam (1850 g.) 
in the cold (below 8 ®) (Tafel, B. 20,398). Liquid. 
Miscible with water. Strong smell. Powerful 
base. Absorbs GO, from the air forming a crys¬ 
talline mass [76®]. 

Salts.—B'HCl: colourless soluble prisms or 
needles. (B'HGllgPtCl^: orange-yellow trimetrio 
plates, soluble in hot water, sparingly in cold.— 
B'HjCjO^^aq: narrow scales.—The sulphate 
forms minute needles.-The picrate forms 
golden prisms decomposing at 150® without 
fusion. 

FUEFl^BYL-CROTONIC ACID 0,H,0, m. 
0,H,0.CH:CMe.C0.,H. [107®]. Formed by oxi- 
dising the corresponding aldehyde with Ag,0 
(J. G. Schmidt, 3. 14, 676). Glittering plates 
(from hot water) or slender needles (by sublima¬ 
tion). Cone. H,SO, forms with it a red solution. 

FDBFUBYL-CBOTOKIC ALDEHYDE 
C,H,0, i.e. C,H,O.CH:OMe.CHO (?) (120® at 
110 mm.). Prepared by adding NaOH to an 
aqueous solution of propionic aldehyde and fur¬ 
furaldehyde (J. G. Schmidt, B. 14,574). Colour* 
less liquid. Volatile with steam. Gives a green 
colouration with aniline and acetic acid, and a 
yellow nassing into violet with magenta de¬ 
colourised with SO,. By Ag,0 it is oxidised to 
furfuryl-orotonio acid. 

FDBFDBYL-EXHYL-CABBINOL v, Fub- 


rUBYZi-PROPTL ALCOHOL. 

FDBFDBYL-EXHYL-PYBIDINB . 
Stvahydride 

(246®). From furfuryl-vinyl-pyridine and sodium 
in presence of alcohol (Merck, B. 21,2709).-— 
B'HCl: [ 146 ®- 148 ®].—B'HBr. [ 0 .136®].—Bto. 
[ 0 .121®]. 

FTTBFDBYLIDEKE-ACSXOH^. Fubtubtl- 


VINYL MBTHTL BETONB. 

FUBFTJBYL -MEIEYIENB -DI-OABBAKIO 
ETHEE 0,H,O.CH(NH.€W,Et)y [169®]. Sepa¬ 
rates immediately on adding a drop of HClAq to 
a mixture of furfuraldehyde and owbamio ether 
(Bisohoff, B. 7,1081). Silky needles (from aloo 
hoi); insoL water, v. sol. alcohol and ether. 

PDEFDBYL-METHYLBITE-IIALONIO ACID 
CAO.0H:0(00,H),. (187®]. From its ether, 
niimt (from autw, aloohol» «r HOAo); v. soL 


water, insol. benzene, light petroleum, and 
chloroform. Split up by heat into CO, and for- 
fnryl-aorylioaoid. Bednced by sodium-amalgam 
to furfuryl-isosuocinio acid. 

Mono-ethyl ether EtHA". [108^. 
Formed by gently heating the diethyl ether with 
potash. Trimetrio prisms (from benzene). V. 
si. soL cold, m. 8oI« hot, water, m. sol. benzene 
and chloroform, insol. light petroleum. Split 
up by distillation into CO, and furfuryl-aorylic 
acid. 

Di-ethyl ether Formed by heating 

a mixture of furfuraldehyde and malonic ether 
with AojO (Marckwald, B. 21,1080). Oil; mis¬ 
cible with mcohol. 

Amide C»H,O.CH:0(CONH,),. [ISO®]. 

Needles (from alcohol); m. sol. hot water, v. a. 
sol. HOAc, insol. ether. 

FDBFUBYL - DI -METHYL - PYBIDIKB-DI- 
HYDRIDE DI-CABBOXYLIO ETHER 
OH, 

0 

EtO,C-/ \H-CO.Bt 
OH,-C CH-0,H,0 


by beating a mixture of furfuraldehyde and 
aceto-acetic ether with alcoholic Golour- 
lees crystals. On oxidation it gives fartnr,d-di- 
methyl-pyridiue di-oarboxylio acid (B. Schiff a. 
Puliti, B. 16,1608). 

FDEFDEYL.IJITEO.ETHTI.EME 
C.H,0,CH;OH(NO,J. [76°]. Formed by the action 
of furfuraldehyde upon an alhaline solution of 
nitromethane (Priebs, B. 18,1362). Long yellow 
prisms. Easily volatile with steam. Gives on 
nitration C,H,(NOJO.CH;OH(NOJ (144°1 which 
forms a crystalline dibromide [111°] and is oxi* 
dised by CrO, to nitro-pyromueio aoid. 

FUBFEBYt-PKOPIOlflC ACID 
0,H,O.OHMe.COiH. [61°]. From furfuryl- 
aorylio acid by sodium amalgam (Baeyer, B. 10, 
367). Sol. water and ether. Coloured yellow 
by HCl. Converted into furonio aoid 1^ sne- 
cessive treatment with Br and Ag^C. 

Amide C.H,C.CHMe.CCNH,. [98°]. (2TO°). 
Formed by heating the ammonium salt in a 
closed tube for some hours at 320° (Marokwald, 
B. 20,2811). Needles, sol. water, aloohol, ether, 
and benzene, si. sol. light petrclenm. 

FDEFDEYL-PEOPYl ALCOHOL 
0,H.O.OH(CH).O.H,. Furfuryl-etkyl-earbinol 
<180° at 760 mm.). 8.-G. S 1-066; V' 1'068* 
Formed by the action of sunc ethyl on furfur- 
aldehyde and treatment of the product with 
water. Thick liquid (Pawlinoft a. Wagner, B. 
■h, 1968). 

IPy. 8 )-F 0 EFDB;i-(»OIHOLnre 
0,B^a,a,0. [92°]. (above 300°). Formed bjr 
heating its oarboxylio aoid above its melting- 

g oint (Ddbner, A.,243, 287). Long needles. 

asol. cold, V. si. soL hot, water, T. s. soL other 
ordinary solvents. * 

Salts.—(B'H01),Pt01,9aq: .small yeUovf 
needles; sL sol. oold, T. soL hot, water.— 
B'HOlAuOL^: lemon-yellow needles; ird. hot 
water.— B'H,Or,0,: orange-tsd needles; idLhot 
water.— Fioratc; [186°]; large yellow'platai. 



6t>? FURFUBYL-QUINOUNE CARK)XTLI(f ACID. ' 


IPy. 8 ).FlrtiFTrBYI,-(HriNOUHE (Py. 1)- 
OUaoXTUO ACID 0Jff.N(0,H,O)COjH. (Py. 
Z}-JS^rfwyMnchonic add. [o. 216®}. Form^ 
heating together furfaraldehyde, pyruvio 
acid, and aniline in alcoholic solution (Dobner, 
.i. 242, 285). Qreenish-yellow needles. SI. sol. 
cold, V. Bol. hot water, v. e. sol. alcohol, ether, 
and bensenc. Heated above its melting-point it 
yields {Py. 3)-furfuryl-qumolSne. 

Salts.—The Ag, Pb, and Gu salts are si. sol. 
water. The chloride, nitrate, and sul¬ 
phate, are v.sol. water.—(B'HCl) 2 PtCl 4 : orange- 
yellow needles; si. sol. cold, v. sol. hot, water.— 
uCl,: lemon-yellow needles. 
rTOFUBTL-ISOSirCCINIC ACID 
C 4 H,O.CHj.CH(CO^)*. [126®]. Formed by re- 
ducing furfuryl-methyleue-mafonio acid with 
sodium-amalgam (Marokwald, B. 21,1080). Long 
slender needles, v. sol. water, ether, HOAc, and 
alcohol; almost insol. light petroleum. Split up 
by distillation into GO. and furfuryl-propionic 
acid. 

PUBFUBYL-VALEBIC ACID C,H„0, i.e. 
C^HjO.GHyCHEt.COjH. Formed by reducing 
forf^l-angelic acid by sodium-amalgam (Baeyer 
a. Tdnnies, B. 10. 18W; 12, 1200). Oil. By 
successive treatment with Br and Ag.p it is con¬ 
verted into ‘ butyro-furonic acid ’ C^Hi^Oj. 
DI-FDBFDBYl-DI-VINYL KETONE 


(C 4 H, 0 .GH:CH) 5 G 0 . Di-furfural-aceUme. [61®]. 
t^om forfuraldehyde (20 g.), acetone {^6 g.), water 
(400 g.), alcohol (300 c.c.), and NaOH (3 g.) dis- 
solved m water (27 g.). Flatlemon-yellowprisms, 
turning brown in air. V. sol. alcohol, ether, 
and chloroform, less sol. light petroleum. With 
oonc. H,S 04 , AcCl, or fuming HCl it gives dark- 
red solutions (Glaisen a. Fonder, A. 223,146). 

FUBFDBYL-VINYL METHYL KETONE 
04 H,O.CH:OH.CO.Me. Furfural-acetone. [40®]. 
a35®-187®) at 84 mm.; (229®) at 760 mm. From 
fuifuraldehyde (20 g.), acetone (30 g.), water 
(1000 g.), and dilute (10 p.c.) NaOH (30 g.) left 
24 hours in the cold, then extracted with ether 
and distilled. Yellow oil, smelling of cinnamon 
and of forfuraldehyde, but soon solidifies to thick 
prisms. V. sol. alcohol, ether, and chloroform, 
less sol. petroleum. In H 2 SO 4 it forms a brown¬ 
ish-yellow colour turning wine-red on heating. 
AcCl forms an orange liquid turning emerald- 
green (Glaisen a. Ponder, B. 14, 2468; A. 223, 
145; i. G. Schmidt, B. 14,1459). 

FDBFUBYL-(Pj^. 3 )-VINYL.FYBIDINE 
04 H, 0 .CH:GH.CjP 4 N. [61®-53®]. From furfur- 
ald^yde and ^)-methyl-pyridine at 165® in 
presence of a little ZnGl^ (Merck, £. 21, 2709). 
Needles (from water) ;«blacken 8 in air; v. sol. 
alcohol and ether. — BHHgGl,aq [133®].— 
B'.H^Cl,2aq. [166®].-B'C,H4(NOj),OH. [185®- 
190®]; yellow needles. 

FUBFDBYL-VINYL 8 TTEYL KETONE 


C 4 H,O.CH:GH.GO.CH:CH.Ph. Furfural-benzyl- 
idem-acetone. [ 66 ®]. Froih benzylidene-acetone 
(10 g.) and forfuraldehyde (7g.), or from fur- 
furu-acetone (10 g.) and benzoic aldehyde ( 8 g.) 
• in presence of water( 200 g.),*alcohol (130 g.), and 
dilote (10 p.o.) N^OH (10 g.). 

Property-—Straw-yellow plates (from boil- 
ing petrbleum). Y. sof. alcohol, ether, 
benzene, and chloroform, less soL petroleum. 
Gone. forms a dark red, AoOl an orange 
•olotioa (Glaisen a* Ponder, A, 228,147), 


FDBIL U 0^0.00.00.0^,0. 

[162®]. Prepared by passing a stream of air 
through a solution of furoin in alcoholic NaOli 
(E. Fischer, B. 18,1387; A. 211,221). Yellow 
needles. Insol. water, si. sol. alcohol and ether, 
v. sol. chloroform. By sodium-amalgam it is re¬ 
duced to furoin. By aqueous KOH(l:2) it is con¬ 
verted into furilio acid. According to Jourdain 
{B. 16, 659) alcohol containing a little KCy gives 
furfuraldehyde and pyromuoio ether. * 

Furil-octo-bromide 0 n,H 404 Br,. [186®]. Crys¬ 
talline. SI. sol. alcohol, m. sol. chloroform. Pre¬ 
pared try the action of an excess of bromine on 
furil. On fusion it evolves Br and HBr, forming 
dibromo-furil and a small quantity of bromo- 
furil. 

Bromo-furU 0 ^ 4 H,Br 04 . [110®]? Yellow 

plates. 

Di-bromo-furU C„H 4 Br, 04 , [184®]. SubU- 
mable. Golden yellow plates. 

Benz-furil v. vol. i. p. 462. 

FDBILIC ACID (C4H,O),C(OH).0O,H. 
Formed by robbing furil with warm EOHAq, 
adding dilute H,S 04 , filtering from a separated 
! resin, and extracting the filtrate with ether 
(E. Fischer, A. 211, 220). Unstable needles; de¬ 
composed at 100 ®; m. sol. cold water, v. sol. al¬ 
cohol and ether. A resin slowly separates from 
the aqueous solution. 

Di-bromo-furilio acid OioHjBr.O,. Formed 
by the action of baryta-water on di-bromo-furil. 
Its alcoholic solution is turned red by warming 
after addition of some dilute E.^S 04 .—BaA',: 
slender needles. 

FDEOlN C,,H, 04 . [135®]. Prepared by 

boiling furfuraldehyde (40 g.), alcohol (30 g.), 
water (80 g.), and potassium cyanide (4g.) for 
half an hour in a flask with inverted condenser. 
Crystallised from toluene or alcohol (E. Fischer, 

A. 211,218; B. 13,1834). Prisms. Distils uu- 
obangod. 81. sol. hot water, alcohol, and ether. 
Cone. H,S 04 forms a bluish-green colour. Weak 
acid. Gives an absorption spectrum. The solu¬ 
tion in alcoholic NaOH is bluish-green, and is 
oxidised by the air to furiL 

Acetyl derivative O^^jkcO^. [76®]. 
Needles. 

FDEONIC ACID C,HA. [180®]. Formed 
by adding bromine (1 mol.) to an aqueous solu¬ 
tion of furfuryl-propionio acid (1 mol.), and 
treating the pr^uct with AgjO (6 mols.^ (Baeyer, 

B. 10, 696,1358). Colourless needles (from hot 
water). 81. sol. cold water and ether. Cone. 
H 2 SO 4 forms a reddish-yellow solution. HClAq 
is not coloured by it. Hydriodio acid and red 
phosphorus at 200 ® reduce it to n-pimelio acid 
CO,H.CH 3 .CH,.CH,.CH,.CH,.COjH? Sodium- 
amalgam gives hydrofuronic acid 0,H„Og.— 
Ag,A". 

Hydrofuronic acid 0,H„0,. [112®]. Formed 
as above. Needles.—Ag,A"; m. sol. hot water. 

FVSCO-SCLEBOTIC ACID C, 4 H, 40 ,. An acid 
extracted by Dragendorff (C. 0. 1878,125,141) 
from ergot by ether, the ergot having previousW 
been treated with a solution of tartaric acid. It 
may he separated from 'picrosolerotio acid* by 
HjSO*, in which it is soluble (Blumberg, Ph. [iq 
9, 28). Its alkaline salts are soluble. 

FUBXL OIL. A yolatUe liquid present in tha 
product of the idaohoUo fermentation of the 
saooharine liquids derived from potatoes, whft|> 
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&Q., and o! the Joioe ot grapes, beet, &q. It 
passes over in the latter portion ot the distillate 
when these liquids are rectified. Fusel oil always 
contains amyl and ethyl aloohols, usually iso- 
butyl and n-propyl alcohols, some tatty acids, 
and some ethers. 

Fusel oil from potatoes consists chiefly of 
isoamyl alcohol (q. v.) ; it often contains iso* 
butyl alcohol and decoio acid (Dumas, A, 18, 
80; Wurtz, C. £t. 85, 310; A. 85,197; Johnson, 
J. pr, 67, 262). Boibstein (0. R. 87, 601) found 
the following compounds in a litre of potato fusel 
oil: 276 c.c. isoamyl alcohol; 170 o.c. of pro¬ 
ducts boiling above 132'^ and still containing 
amyl alcohol; 150 o.c. isoproi)yl elcohol; 126 
OU5. water; 76 c.c. of a mixture ot aldehyde, ethyl 
alcohol, and ethyl acetate; 66 c.c. w-butyl alco¬ 
hol ; 60 c.c. s<3c-amyl alcohol; 60 c.c. isobutyl 
alcohol; and 30 o.c. n-propyl alcohol. 

Fusel oil from molasses contains isoamyl and 
isobutyl alcohols (Wurtz, A. 93, 107), together 
with palmitic (?) and heptoio acids and heptoic 
ether (Mulder, J. 1858, 302). Kownoy (C. J. 4, 
372) found isoarayl decoate as well as iseamyl 
alcohol, water, and EtOII in the fusel oil from 
the Scotch whisky distilleries. 


In fusel oil obtained in preparing alcohol, 
partly from wh^at, partly from maue, Wetherill 
(Chem. Gaz. 1863, 281) found acetic and octoio 
acids, isoamyl alcohol, bnt no butyl alcohol. 

In the fusel oil from beetroot molasses Feh- 
ling {J. Ph. [3] 26, 74) found octoic and docoio 
aeids and an ether of decoio acid. In a fusel 
oil from the same source Perrot (C. R. 46, 309; 
A. 106, 64} found ethyl, butyl, and isoamyl al¬ 
cohols, compound etners of the above alcohols 
with caproio, heptoio, octoic, and ennoic acids 
(c/. MuUer, J. pr. 66, 103). Schrbtter (B. 12, 
1431) found in this fusel oil a liquid base C^H^Oi 
(180°-230°) which forms a crystalline sulphate 
He also observed another bass 

FUSIBLE METAL. An aUoy of Bi, Pb, and 
Sn, which melts at 93‘7'’ {v. vol. i. p. 611). 

FUSTIC. Two yellow dyes are known by 
this name, viz. old fustic obtained from Moms 
tinctorvf and young fustic from Rhus calamus. 
The latter contains a glucoside ‘ fustin ’ 
crystallising from water in needles 
[219°], and split up by dilute 11,304 
a sugar and Fisetim (q»v.) (Schmid, B. 19, 
1735). 


G 


GALACTIH. This name was given by Morin 
to a nitrogenous body resembling gelatin, said 
to occur in*milk, blood, Ac. {J. Ph. [3j 25, 423; 
[4] 14,11). Wynter Blyth (C. J. 35, 631), after 
freeing milk from casein and albumen, and 
adding mercuric nitrate, obtained a pp. whence, 
after removal of mercury as sulphide, and ppg. 
a second time by lead acetate, a compound 
(PbO)„C, 4 H„N 40 „ ? was formed. After remov- 
ing the lead an amorphous alkaloid was left, called 
by Blyth galaetin. More recently the same name 
has been given by Muntz (C. R. 04,453; A, Oh. 
[6] 26.121; Bl. [2] 37,409) to a non-nitrogenous 
carbohydrate CJI.jOj occurring in the seeds of 
leguminous plants. Mnntz obtained it by ex¬ 
hausting nowdered lucerne seeds, 
with wawr containing a little Pb(OAo) 2 ; ppg. 
excess of lead by oxalic acid; diluting with al¬ 
cohol (li vols.) and purifying the pp. by redis-, 
solving in water and reppg. with alcohol. When 
dried in the air it forms transparent nojulcs, 
which swell up in water and dissolve slowly lilce 
gum arable, forming a sticky solution which is 
ppd. by basic, but not by oorraal, lead acetate, 
and behaves generally towards ruotallio salts like 
a solution of gum arabic. It is dextrorotatory, 
[ajo “ 84-6®. HNO, oxidises it muoic acid. 
Very dilute mineral acids at 100 give galac¬ 
tose and a non-crystalline sugar. Galactin is 
not inverted by saliva or pancreatic juice. A 
substance resembling this galactin occurs in 

agar-agar (Bauer, tT.pr. [2] 30,381). 

Paragalootia. This name is given by Schulze 
a. Steiger {B. 20. 290) to the (impure) substance 
left after exhausting finely-powdered lupin seeds 
{bupinw lut&us) by ether, followed by veij di¬ 
lute cold potash. It constitutes 26 p.o. of the 
Voj.. U. 


seed, is somewhat gelatinous, and is converted 
into galactose by boiling dilute acids. After 
treatment with hot 10 p.c. aqueous KOH alcohol 
give.s a gelatinous pp. whence an acetyl deriva¬ 
tive C HjAc^O, can be obtained. 

GALACTONIC ACID C^II.^O,. Lactonic aetd. 
Small colourless delique.scent needles. 

FoTTmtion. — By oxidation of milk-sugar 
(Barth a. Hlasiwetz, A. 122, 96; 168, 259), ara- 
binose, or galactose (Kiliani, B. 13, 2307, 14, 
651, 2529; 18,1552) with bromine. 

Preparation.—k solution of 100 grms. of 
milk-sugar in 400 c.c. of 5 p.c. sulphuric acid is 
boiled for 4 hours and freed from HjSO, by 
Ba(OH).,. The filtrate concentrated to 300 o.o. 
and coofed to about 35° is oxidised by treatment 
with 200 grms. of bromine; the yield is 70 p.o. 
of the theoretical. 

Reactions.—By heating to 190° it is converted 
into its lactone by loss of H^O. It is 

reduced by HI to the 'actone of 
acid. HNO, oxidises it to mucio acid. Potash- 
fusion gives oxalic and acetic acid. Galaotonio 
acid is slightly l/evorotatory. It does not reduce 
Fehling's solution. 

• Salts.-A'Na 2 aq.-A'(NH 4 ).—A',Ca 6aq.— 
A'jCd aq: monooUqjo needles (B. a. BL). — 


A',Cd4aq. 

GALACTOSE v. Sugars. 

GALANGIN [216°]. Occurs, to- 

gither with campnoride and upinin, in the • 
galanga-root (Jahns, B. 14,2807). Sublimes in 
part. Light-yellow tables or Apt prisms (con¬ 
taining 4C,HjOH); needles (containing H,0). 
Sol. ^er; S. (90 p.c. alcohol) 1‘6; nearly insol 
water. Dissolves m alkalis forming a yellow so¬ 
lution. Bruces (dkaline silver sad oop^r solu* 
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tions. On oxidation with HNO, it gives benzoio 
and oxalio acids. — CaHgOjPb : amorphous 
orange pp. 

Tri-aeeiyl derivative 0)(H,0,(OAo),: 
[U2°]; colourless needles* Sol. alcohol, insol. 
water. 

Oi-hromo. derivative OuH*BrjOj. Yellovf 
needles. * 

OALBAITUM. A gum resin supposed to bo 
the produce o! Bobim Qalhanum or Ferula eru- 
bescens, and imported from Africa and Persia. 
Yellowish mass with bitter taste and strong 
smell. It gives a yellowish-red or violet colour 
with hydrochlorio acid, and an orange colour 
with a solution of bleaching powder (Hiischsohn, 
0. C. 1877, 182). Yields on distillation with 
water a small quantity (7 p.o.) o! terpene, S.G. 2 
•814, (160®), [o] = --18 (Mdssmer, A. 119, 257). 
According toWallach (A.238,81) oil of galbanum 
contains a sesquiterpene C,jHj 4 whose hydro¬ 
chloride melts at 118®. Potash- 

fusion forms resorcin. Contains about 66 p e. 
resin, sol. alcohol, ether, and ligroin, and 25 p.c. 
gum, sol. water. The resin contains 72 to 74 p.o. 
carbon, and 8 to 8*5 p.c. hydrogen, and is sol. 
lime-water. Alcoholic HCl acting on the resin 
at 100® forms nmbclliforon; this body is also ' 
formed by the dry distillation of galbanum and 
other resins formed by umbelliferous plants 
(Sommer, Ar. Ph. [2] 98,1). The oily distillate 
from galbanum, when freed from umbelliferon 
by dilute EOHAq, has a splendid blue colour 
(289°); it is sol. alcohol, insol. aqueous alkalis, 
coloured green by alcoholic PeClj, resinified by 
Br, and colonred yellowish-red by HNO,. This 
blue oil appears to be identical with oil of cha¬ 
momile {q. V.) (Eachler, B. 4,36). 

QALIPEI5E C^.NOj. [116®]. An alka¬ 
loid present in the Angustura bark. On evapora¬ 
tion of the mother liquor from the oxalate or 
sulphate of cusparine the salts of galipcine sepa¬ 
rate out. White prisms, soluble in potroleurn, 
ether, and alcohol. Its salts are more soluble 
than those of cusplrine; their solutions arc of 
a greenish-yellow colour resembling uranium 
salts. — B'J^S 04 7aq: [60®]; greenish-yellow 
prisms.—Hydrochloride; prisms with tri¬ 
angular base.—B';HjPtCl,: bright yellow pp. 
(Kdmer a. B5bringer, 0. 13, 865). 

GAIITANKIC ACID A variety 

of tannin said to ocour in Oalium verum and 
Q» Aparine (Schwarz, A. 83, 67). 

OALLACETONIHB v. Pibcoalloi*. 

aAII.A0£T0PH£K0irB v. Tbz-oxy-aceto. 
VHBMOKI. * 


6AILACTZC ACID Formed by 

boiling milk-sugar (200 g.) with cupric sulphate 
(1,200 g.) and NaO^q (Besdeker a. Struokmaniy 
A. 100,267). Yellow syrup, miscible with water 
and ideohoi, insol. ether. «Ppd. by lime-water 
and by Pb(OAc)y—Ca^'’ 3aq: fiocculent pp— 
HgjA”3aq: amorphous pp.—Pb,A*'6aq; powder. 

, OAIXElir O^H,A i.e. • 


gaUol-phthalHii, 

iV4mara<ion.>~Byheatingphtbalio anhydride 
(IpU wiUi pyrogaUol (apts.) at 190®~200S the 
nnd if dJasolvad in sdoohol, filtered, and 


w»ter added to ppt the galleln; it is best puri¬ 


fied by means of the aoetyl-derivative (Baeyer. 
B. 4, 467, 566,663; Buchka, A. 209, 249). 

Pfoper^tes.—Brownish-red powder or glisten, 
ing, minute crystals with green refiex; si. sol. 
hot, insol. cold, water, sol. alcohol, si. sol. ether, 
insol. benzene. It dissolves in cone, sulphuric 
acid with dark-red oolouration. Its solution in 
NHjAq and in lime- and baryta-water is violet. 
Byes fabrics mordanted with iron or alumina a 
bluer shade than logwood. 

Reactions,—X. With alkalis it forms salts, 
which separate in motollio glistening green crys¬ 
tals ; with excess of alkali a blue or blue-violet 
colouration is produced; but acids reppt. un¬ 
altered gallein from this solution.—2. On reduo- 
tion with potash and gine-dust it yields at first 
bydrogalleln, and then gtJUn.—3. On reduction 
in acid solution gallol O^oHijO, is formed.— 
4. Fused with potash anhydro-pyrogallolketone 

produced.—6. With cort- 

centrat^ sulphuric acid at 190® it yields cceru- 
lein (q.v.).—6. HNO, oxidises it to phthalio acid. 

Tetra-chloro-gaUein C 2 oH„Cl 40 ,2aq (at 100®). 
Formed by heating tctra-chloro-phthalio anhy¬ 
dride with pyrogallol at 196° (Graebe, A. 238, 
337). Violet powder. 

Di-bromo-galleia C,oHgBr,0,. Formed by 
adding Br to a solution of gallein in HOAo. 
Golden crystals with metallic lustre, v. sol. 
alcohol, sl.sol. benzene. Its solution in NaOHAq 
is brilliant blue. 

Constitution of Oallein. The formula 
CO<°;^‘>C[C,H,(OH) J,0 was at firat assigned 

to gallein from its analogy in its method of pre¬ 
paration to phenol-phtbalein, and the formation 
of a tetracetyl derivative. But its behaviour 
with reducing agents is not thus explained; in 
contact with potash and zinc-dust it takes up 
two atoms of hydrogen, and the product should, 
were the above formula correct, be analogous 
to phenol-phthalin and possess acid properties. 
But the bydrogallein shows no acid properties, 
though on further reduction it yields au acid 
substance, converted by sulphuric acid into oceru< 
lin, the analogue of phonol-phthalidin. Galleui 
is thus possibly a peroxide, a view confirmed bj 
the fact that the tetracetyl derivatives of gallein 
and bydrogallein are identical (Buohkq, A, 209, 
249). 

Hydrogallein C2oH„0, i.e. 

C0<®A>C<™H)p>0(,). Ko„„edb3 

reduction of gallein (v. supra). Crystalline pov 
der, sol. alcohol and IlOAo, si. sol. water, insol 
bonaene. It dissolves in alkalis with bla( 
colouration; the solution bocomea rod througl 
oxidation if boiled for a long time. 

Tetra-aietyl derivativa C„H,Ao,0, 
[248'^. Formed by boiling hydrogallein witf 
AOjO, or by beating gallein with NaOAo am 
Ao,0. Small rhombobedra (from benzene), aol 
alcohol and HOAo, insol. ether. Gives with Bi 
in HOAo a di-bromo- derivative Oj,H^r^o,0, 
[284°]. 

Tetra-banioyl darivativt 
[231']. Formed % boiling gallein with BzOl 
Slender needlea (from aeetone); mL alcohol »a< 
binxeoe. 
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OalUa 0»H„0, 

OO^O.H..OH<°.hJo^^O(?). Formed by 
reduction o( gallein {q.v.). SmaU colourless 
needles, turning red on erposure, sol. alcohol 
and acetone, si. sol. water. Decomposes car- 
bonates; converted by cone, sulphuric acid into 
eeruiein. 

C»H,.Ao,0,: 

[220 ]; colourlosa leaflets (Buehka, A. 209 268) 

Gallein and gallin dyemordanted fabrics like 
oarwooa and logwood. * 

[6;4:3:1]. Mol. w. 170. [220‘’-240“J. S. 1 (in 
the Mid); 33 at lOOO; S. (ether) 2-5 at 16“; 
S. (^oohol) 28 at 15°. 8.G. i i-694 (Schrader). 

Occurrence. —In gall-nuts, in sumach, in 
hellebore root, in dividivi, in the acorns of 
^rcus Algilops, in green and black tea, in 
loaves of Arctostaphyloa uva-urai, in sandal, 
wood, in oolchioum, in strychnos bark, walnuts, 
and in most astringent parts of plants (Scheelc; 
Stenhouse, A. 45,9; Kawalier, Sitz. W. 9 290 • 
Hlasiwetz a. Malin, Z. 1867, 271; Phipson! 
C. N. 20,116; Bolley a. Bahr, Z. [2] 4, 601). 

Formation, —1. By exposing powdered gall- 
nuts to the air for a month at 20® to 25®; the 
powder, which must be kept moist, becomes 
covered with mould, which must be constantly 
removed, and the product, as soon as the aqueous 
extract ceases to ppt. a solution of gelatin, is ex¬ 
hausted with water (Scheele ; Steer, Sitz. W. 22 
249; Wittstein, Ph. 12, 444 ; cf. Tieghem, C. R 
65,1091; Weber, Ph. [3] 10, 754).-2. A solu- 
tion of tannin is ppd. by cone. H;jS 04 and the 
pp. added tef boiling dilute H^SO^; after a few 
minutes gallic acid is deposited in crystals 
(Liebig).—3. By the action of hot cone. KOHAq 
on di-iodo-salicylic acid ; a considerable portion 
of the gallic acid being, however, converted into 
pyrogallol (Lautemann, A. 120, 317). Demolo 
(B. 7, 1441) could not obtain gallic acid in 
this way.—4. By the action of aqueous KOH on ; 
bromo-veratrio acid (Matsmoto, B. 11, 139 ). i 

The acid so prepared melted at 197®. 200°. i 

6. By potash-fusion from di-iodo-p-oxy-benzoio, i 
brorao-protocatechuio, and bromo*«-di-oxy- ' 
benzoic acids (Barth a. Senhofer, B. 8, 754,1477; < 
A. 142,24 T; 164,118).—6. By heating gum kino ■’ 
with cone. jHClAq at 120 (Etti, B. 11,1882). i 
Separation from tannin. —An infusion of a ] 
plant which contains tannin and gallic acid is ( 
ppd. by gelatin; the filtrate is evaporated to J 
dryness and exhausted with alcohol; the qjeo- 1 
holic extract is evaporated and the residue* ( 
crystallised from water, being, if necessary, \ 
treated with animal charcoak J 

Properties, —Long silky needles or tricUnic i 
prisms (oontaming aq). Astringent taste bnt a 
no smell. Its solution is 8trongli| acid. At c 
100®-120® it givesofl its water of crystallisation; h 
at 215® it begins to decompose into CO, and p 
pyrogallol; but if rapidly heated to 250® there o 
is formed, instead of pyrogallol, a black lustrous a 
insoluble mass, soluble in alkalis (so-called S 
'Ketagallioaoid*). An aqueous solution of gallio a 
acid does not change if excluded from the air, G 
but in the preseoue of oxygen CO, is evolved and n 
* substance is deposited. This decom- gi 
position is hastened by the presence of alkalis, a 
poitipg with excess ol SQH gives ft blftok wjb- ei 


stance, the so^alled ‘ tauromelanic acid.' Di- 
Jwtealoohoho KOH gives‘galloflavin.’ A solu- 
tion of ammonium piorate gives a red colour 
JB changing to a beautiful green (Dudley. Am. 2, 

t>l 48 ). Gallic acid reduces Fehling’s solution and 

r- ammoniacal AgNO,. Ferric chloride gives a 
bo bluish-blwk pp. (Chevreul, P. 17, 170); the pp. 
disBolveB in excess of FeCl, giving a green solu. 

, . tion(Wackenroder,i4.31.78; Etti. B. 11 , 1882 ): 
). on heating CO, is evolved, the liquid becomes 
:e colourless and contains fonous salt. Pure for- 
rous sulphate gives no colour at first, but the 
[) liqmd presently becomes blue. With a mixture" 
n of PeCl, and KaFeCy^ gallic acid, like other re* 

; duemg agents, ppts. Prussian blue. Pure galUo 
. acid does not ppt. gelatin nor alkalis; but when 
Q mixed with gum it gives a pp. with gelatin. It 
f gjves no pps. with albumen, gelatinised starch or 
1 alkaloids, but tartar emetic and NH^Cl give a 

• heavy whfte pp. (Meissner, Ph. 1889, 026). A 
solution of gallic acid containing CaCO. dis- 

; solved in CO, becomes blue when exposed to the 
; air. A solution of barium gallate gives with 
, excess of AgNO, a black pp. of silver, and the 
filtrate contains an acid resembling quercitannic 
■ acid (Lowe, J.pr. 102, 111; Barfoed, J. pr. 102, 

> 314). 1( a solution ot barium gallate BaA' be 
} treated with excess of baryta-water a white pp, 

' IS formed which quickly turns blue in Mntaot 
I With the air; but if the ppn. and washing be 

• done with dc-aoratod water in an atmosphere 
, of hydrogen, the pp. quickly dried in vacuo ex- 
, Inbita the composition BaC,HjOj 5aq (Hlasiwetz, 

/.pr. 101, 113). An aqueous or alcoholic solu¬ 
tion of gallio acid, containing Na.SO,, is Mioured 
by iodine a transient purple-red (Nasse, B. 17, 
1106). KCy colours an aqueous solution of 
gallio acid red (difference from tannin); the 
colour disappears on standing but reappears 
again on shaking with air (Young, Fr. 23, 227). 

Beactiona. —1. The crystallised acid ie un* 
acted on by cold acetic anhydride and even 
at 100° 2 g. require 2 hours f»r complete solu¬ 
tion. The anhydrous acid behaves similarlv 
towards cold anhydride, but the same quantity 
only requires J-hour lor solution at 100°. 
The products are in the first case almost 
entirely the triecetyl derivative of gallio acid, 
whereas in the second case there ie formed in ' 
addition to this a body [161°] having the pro- 
pertiee of the pentacety! derivative of tannin 
(Bdttinger, A. 246, 125).—2. Aqueous KMnO, is 
quickly decolourised by gallio acid, so that it may 
, be estimated volumetrically in the same way as 
oxalic acid (Morin, C. It. 46,677). When tubbed 
with dry KMnO, it even takes fire (B&ttger, 

P. Jubelband, 166). Dilate HjSO, and KMnO, 
in^he cold give C,,H|,0, ‘ hydrornffgallio acid ’ 
a golden orystalline compound which gives a 
otimson colour with gie alkalis and their car¬ 
bonates (Oser a. Kalmann, M. 2,60).—3. Clom- 
pletaly oxidised to CO and CO, by electrolytic 
oxjgen (Bourgoin, J. Ph. [4] 13,876). Chramie 
aevi mixture acts in like manner (Bemsen, i4m. 

S. re] 6, 364).—4. An aqueous erffution ol KOlO, 
and HOI gives ieo-trichloro-glyoerio acid 
0,H,01,O, (Schreder, A. 177, 982). If the 
mother-liquor from which the ieo-trichloro- 
glyoeric acid has eryetallised be boiled with tin 
and Hca, tha tin ppd. by H,S, and the liquid 
•Xtawtod by ether, prisms of OfijOlfl, are got 
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It torms the salts: OaH^^i: minute needles; 
BsA"aq; and BaHjA'iUaq.—6. By heating 
with 6rcWne at 100*^ it is oonyerted into tri« 
bromo-pyrogallol (Stenhonae, i. 177, 189).— 6. 
Soda^fusion gives pyipgallol, hexa*oxy-dipbenyl, 
and some pUori^lucin (Barth a. Sohreder, B. 
12,1269; if. 3,649),—7. Hot H^SO, converts it 
into rnfigaliio acid Oi^HgOS (v. Hexa-oxy-an- 
THRAQcnfONE).—8. KjSgO, acting upon a solution 
of gallic acid in concentrated aqueous KOH forms 
C^ 3 ( 0 H).^{ 0 .S 0 i. 0 K)(C 03 K) which crystallises 
in slender needles (Baumann, B. 11, 1916). A 
mixture of gallic and benzoic acids is converted 
by HjSO, into anthragallol C,^H .,05 (Seuberlich, 
B. 10, 38),t>. Tat-oxY-ANTHBAQUiNONE.—9. Gallic 
acid is converted by warming Ifith phosphorus 
oxychloride for some hours into digallic acid 
C„H,(OH),.CO.O.CeH 3 (OH) 2 CO,H which is pro- 
bably identical with tannin (Schill, .4.170,49).— 
10. Oallio acid (12 pts.) is converted by heating 
with cinnamic acid (10 pts.) and H-BO, (160 pts.) 
at 50'^ into styrogallol C,sH,oO. (E. Jacobsen a. 
Julius, B. 20, 2588).—11. By heating with am¬ 
monium carbonate in a sealed tube an acid 
CgHjO, is formed.—12. Formic aldehyde forms 
C|gH,. 30 ,„ and C,JI, 40 ,, (Baeyer, B. 6,1096).— 
13. By heating with arsenic acid to 120® ellagic 
acid C^HtfOg is formed (Lowe, Z. [2] 4, 603). If 
the pr<^uot insoluble in water and consisting 
chiefly of ellagic acid be treated witli sodium- 
amalgam, acidified, and shaken with ether, several 
substances are extracted, viz.: two crystalline 
substances and Gi^HigOg, both si. sol. 

water, and a more soluble crystalline body (item- 
bold, A. 166,116). 

Salts. — NH,A'aq : slender needles (from 
water). Obtained by passing NH, into an alco¬ 
holic solution of gallic acid.—K.HA'jaq: pre¬ 
pared bv adding an alcoholic solution of KOH 
gradually to an alcoholic solution of gallic acid 
until the pp. begins to be permanent; tiie liquid 
is then shaken, when a flaky pp. separates. The 
pp. is washed with alcohol, dissolved in water, 
concentrated, and ]^pd. by alcohol in colourless 
needles (Bttchner, A. 63, 187). — NaA'3aq : 
slender needles ; prepared as the K salt.— 
BaA',3aq: prepared by neutralising a boiling 
Bolntion of gallic acid with BaCO^, filtering, and 
rapidly concentrating. Small plates; si. sol. 
water, insol. alcohol.—BajOjHjO^fiaq: v.sujyra.-^ 
SrA'sdaq: small needles ; prepared like the Ba 
salts; si.sol. water, insol.alcohol.—CaA',2aq: 
crusts of adherent needles; prepared like the 
Ba salt.—MgC,H,Oj2aq: obtained by boiling 
magnesium acetate wi^th excess of gallic acid, 
evaporating to dryness, and treating with alco¬ 
hol to remove free gallio acid. Light white 
powder; si. sol. water.—Mg 3 ( 0 ,H 30 j)j 6 aq.— 
Ai,(C,H-0,),4aq? FJocculent pp. 8 . 2 02 qt 
20®; -84 at 100® (Lidoff, J. R. 1882.195 ; C. J. 
42,849).—ZnC^H.OjZnO j'depositGd as a bulky 
white pp. when gallic acid is added to a solution of 
sine acetate.—CoC^H.OjSaq; crimson powder.— 
MnC;H 40 ,aq; crystalline fowder, turns brown 
in air.—PbC^H^^iJafl ; obtained as a white pp. 
whi<^ becomes crystalline bv adding lead acetate 
to an excess o< a boiling solution of gallic acid 
(Liebig, A, 26, : yellow 

crystalline salt; formed by boiling the preced¬ 
ing pp. in its mother liquor.—SnO.H 4048 nO: 
oryitaiiiae powder, obtained by adding 


gallic acid to a solution of 8 nOl 4 previously 
neutralised by NH,. 

Acetyl derivative 04 Hj{OAo)j.C 03 H. 
[166®]. Formed by boiling gallio acid with AcCl 
or AOjO (Naohbaur, J. nr. 72, 431; Schiff, A. 
163,209; BSttiuger, A. 246,126). Prisms (from 
water); si. sol. hot water, v. sol. alcohol and ether. 
Gives no colour with PoClj. 

Bromo-aceiyl derivative * 

C„H._,( 0 n) 2 ( 0 .CjHjBr 0 ).C 03 H. From gallio acid 
and bromo-acetyl bromide (Priwoznik, B. 3,644), 
Amorphous. 

Benzoyl derivative C 4 H,(OBz),COjH. 
Amorphous‘...Boitens at 85® (SchilT). 

Methyl ether C,H,.(On),.CO,Me. [192®]. 
V. sol. water and alcohol (Will, B. 21, 2020). 

Tri-methyl derivative 
C 4 H.( 0 Me),.C 03 H. [167®]. Needles (from ether 
or water) (W.). 

Methyl ether of the trimethyl de¬ 
rivative C 4 H .(OMe),.C 03 Me. [81®]. (275®). (W,). 

Ethyl ether C 4 H 3 ( 0 H) 3 .C 02 l^t. [141°] 
(EuCB. 11, 1882); [150®] (E. a. Z.); [158®] 
(G.). Formed by passing HCl into a solution 
of gallic acid (1 pt.) in alcohol (4 pts. of 80 p.c.), 
evaporating at 70° until tho liquid gets thick, 
adding BaCOj, and extracting the solid mass 
with ether (Grimaux, Bl. [2] 2,94 ; SchiiT, A. 163, 
217). Prisms (containing 2'taq) or anhydrous 
crystals (from chloroform) (Ernst a. Zwenger, 
A. 159, 28). [90®] when hydrated; [140®-168®] 
when anhydrous. SI. sol. cold, v. sol. hot,water; 
V. sol. alcohol and ether; v. si. sol. CHCl,. Gives 
a blue pp. with FeCl,. Reduces ammoniacal 
AgNO, and AuCI,. Split up by dry^distillatlon 
into alcohol, CO„ and pyrogallol. An aqueous 
solution ^turated by NallCO, gives small 
crystals of C,H,NaEtOj,C,H,EtOj. SI. sol. cold 
watf-r; on heating with water sodium ellagate 
CnHjNaO* separates. Gallic ether gives a pp. 
with aqueous Pb(OAc)j, which when dried at 
100 ® has tho composition Pbj(C,H 2 Et 04 ),. 

Tri-acetyl derivative of the ethyl 
ether C 4 H 3 (OAo)jCOjEt. Oil, slowly becoming 
crystalline. Forms no pp. with lead salts. 

Isoamyl efkfir 04 H 3 {OII),.CO, 04 H,i. [139®]. 
Slender glittering needles; si. sol. cold water, 
V. sol. alcohol and ether. 

Tri-ethyl-gallic acid C,Hj(OEt),.CO^, 
[112®], Colourless crystals. Sol. hot, si. sol. 
cold, alcohol. Formed by boiling its ethyl-ether 
with alcoholio KOH. Salts.—A'Ag: [c.200®]; 
orystilline solid; si. sol. cold water.—A',Ba: 
very soluble crystals. Ethyl ether 
C 4 H 3 (OEt),COjFit; [61®]; glistening needles; v. 
sol. alcohol, ether, Und benzene. Formed by 
heating the ethyl-ether of gallic acid with ethyl 
iodide and alcoholio KOH (Will a. Albrecht, B. 
17,2099). 0 

Amide C 4 H,(OH),CONHy [248®]. Formed 
by the action of ammonia and ammonium sul¬ 
phite on a moderately concentrated alcoholic solu¬ 
tion of tannin, the erode product being fraction¬ 
ally crystallised from hydrochlorio acid (A. a. W. 
Enop, «r. pr. 66, 829; H. SohiS a. Poni, G. 15, 
177; B.18,487). Large plates (containing l^aq); 
si. sol. cold water. Completely decomposed a4 
245®. Does not combine with HCl. Decomposed 
by> boiliag with acids or oUMtUf into gallic ao|d 
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ft&d NH|. The lead compound u & heaTy white 
powder, the copper compound 

C,H,(0H)(0,Cu).C0NHj 

is an azure*blue powder. The acetyl derivative 
C 5 H.;(OAo),.CONHj forms aggregates of colour¬ 
less oryetals, [o. IdO'^] sol. water, alcohol, HOAo, 
and benzene. 

Bromo-gallic acid CgHBr(OH),CO^H. [above 
• 200®]. Formed, together with the di-bromo- acid, 
by rubbing gallic acid with bromine (Grlmauz, 
Bl. [2] 7, 479 ; Hlasiwetz, A. 142, 250). Mono- 
clinic plates or needles (from water); sl.^ol. cold 
water. Coloured by lime or baryta-water suc¬ 
cessively red, greenish, and orange. FeClaColoui s 
it blue-black ; alkalis give an •orange-yellow 
colour. 

Di-bromo-galUc acid 0„Bi»„(0H)3C02H. [140°] 
(G.); [160®] (Etti). Formed as above, using 
excess of Br. Long brittle needles or plates 
(containing aq at 100®). SI. sol. cold water; 
coloured successively rose, light green, and dark 
red by lime or baryta-water. Its ethereal solu¬ 
tion is turned indigo-blue by baryta-water. Al¬ 
kalis form an orange solution, turned rose^red on 
dilution. FeCl, gives a blue-black solution. With 
AgP it gives CO, and pyrogallol (Priwoznik, B. 
8, 644). AcCl gives a tetra (? tri-) acetyl deri¬ 
vative crystallising in needles [91®J (P.). 

0AILIN V . Gallein. 

GALLISIN [a]i-77-3-82-7. The 

cupric reducing power of 10 98 grams = that of 
6 grams of glucose. Occurs in commercial 
glucose (starch sugar), from the unfermentable 
residue of which it is obtained by evaporating | 
to a syrup and repeatedly treating with absolute ^ 
alcohol, a^jd linally with a mixture of alcohol 
and ether, till all the water has been removed, 
leaving the substance as a fine powder. White 
amorphous powder. Very deliquescent. Not fer¬ 
mentable by yeast. Slightly sweet insipid taste. 
It is insoluble in ether, very slightly in absolute 
alcohol, more easily in methyl alcohol and acetic 
acid. It gives no pps. with Pb(OAc)j, HgClj, 
Fe,Clg, or BaCl,. It reduces AgNO, and Feh-; 
ling’s solution. By heating with acids it is con¬ 
verted into glucose. 

Salts.—C„Hy^aO,„Saq: white pp. formed 
by adding baryta to gallisin in aqueous alcoholio 
solution.—C,,.11,3X0,0: hygroscopic powder.— 
0,*HjjPliO,oPbO: easily soluble white iwwder. 

Hexa-acetyl derivative C,.H,s 04 (OAc)a: 
colourless glassy mass, insol. water, e. sol. alco¬ 
hol, ether, benzene, CSj, Ac. (Schmitt a. Cobenzl, 
B. 17,1000, 2466). 

GALLIFMGa. At. w. 69*9. Mol. w. anlno>»n 
as V.D. of element has not been determined. 
[90T6®]. S.G. ^ 6*96 solid; 6-07 liquid. 8.H. 
*079 solid; *0802 liquid. Latent heat of fusion 
= 1911 gram-units. Melted Ga remains liquid 
at temperatures considerably undef the M.P., but 
solidifies by contact with a trace of solid Ga; 
other metals do not cause solidification. The 
metal crystallises in quadratic ootahedra. Cha- 
raoteristio lines in the emission-spectrum are 
4170 and 4031 *, both lines have been reversed 
by Liveing and Dewar (Pr. 28, 471). 

Gallium was discovered by Lecocq de Boxs- 
baudran in August 1876 in nnc-blende from 
Pierrefitte (Hautes-Pyr^^es); the observation 
of two violet linei fa the ipark-apectrum of this 


blende led to the discovery of the new element, 
The properties of Ga were found to be those of 
the element as predicted by Men- 

delejefi {v. Chemical relations of QalUum)* 

Beferences. —The memoirs of Lecocq de Bow- 
baudran are contained in C. P. 81, 493,1100; 
^2,108,1036,1098; 83.611,636,6C3,824,104*; 
86, 756, 941,124(^; 93, 294, 329, 816; 94, 695, 
1164, 1227, 1439, 1025; 95, 18, 167, 410, 603, 
703,1192, 1332; and with Jungfieisch in C. P. 
80, 475, 677. There are also memoirs by Ber- 
thelot in C. P. 86, 780; Dupr6, C. P. 86, V20, 
Mendelojell, C. P. 81,909; Nilson a. Pettersson, 

C. P. 91, 232. A general account of gallium is 
given by de Boisbaudran in Fremy’s Kncyclo- 
l>Hie Chhniqm, tome iii. cahier 5, pp. 202 $t 
scq. [1881]. 

Occurrence. —In very small quantities in va¬ 
rious zinc-blendes, and in many specimens of 
commercial zinc. The best source of the metal 
is the Iflende from Bensberg on the Rhine; de 
Boisbaudran and Jungfieisch obtained 62 grams 
of pure gallium from 4300 kilos, of this blende. 

Testing blendes for gallium.—T \\q blende is 
treated with oqMa regia, the solution is heated 
to remove nitric acid; when cold, zinc (free from 
Ga) is added; various metals ai*e thus ppd.; 
while H is still being evolved the liquid is poured 
through a filter; large e.\ce.s8 of Zu is added, and 
the li<iuid is boiled until a white pp. forms; this 
pp. is collected, washed, and dissolved in HClAq; 
the solution is concentrated to a small volume, 
and examined by causing a small induction- 
spark to play over the surface of the liquid, and 
passing the light through a spectroscope. ^ 10 
grams of agalliuin-contatning blende is BuUicient 
to give the chief spectral lines of Ga. 

Preparation.— The powdered blende ia 
I treated with agna regia, excess of blende being 
' always presi'Jit in order to saturate the nitric 
I acid; to the filtered liquid, when cold, Zn (free 
from Ga) is added; Sb, As, Bi, Cd, Cu, Au, In, 
Pb, Hg, Ag, Tl, Sn, and Se if present, are thus 
ppd.; while 11 is still confing off, the liquid ia 
filtered; the filtrate is boiled with a large excess 
of Zn until a white pp. appears; this pp. con¬ 
tains all the Ga as hydrated oxide (or as a basic 
salt) mixed with Al^O,, basic salts of Fe, Zn, Or, 
Co, and some SiOj. The pp. is dissolved in 
HClAq, and H^S is passed into the liquid; the 
pp. ia removed by filtration; NH^C^HjOjAq or 
NaCjHjOjAq, and acetic acid are added to the 
filtrate, which is then ppd. by H^S; it is advi¬ 
sable to ppt. fractionally and to continue until 
the filtered liquid ceases to show Ga lines in the 
spectroscope; if the filfrate from the last batch 
of pp. shows the lines of Ga, a zinc salt must be 
added and the process of ppn. repeated. The 
np. by H,S, which contains all the Ga, is well 
washed and then dissolved in HClAq; the Gaia 
then ppd. by one ofethe followkig methods: (1) 
the solution is boiled with as small an excess o( 
Zn as suffices to ppt. the Ga; (2) the solution ia 
boiled till H^S is *11 off, and then fractionallv 
ppd. by NHgAq or NaOHAq; (31 H,8 is removed/ 
and Ga oxide is ppd. by addUion of BaOO, or 
CaCO,. The crude Ga oxide obtained by one of 
these methods is washed and dissolved in HClAq; 
some NajSO, is added (to reduce FeCl, to FeCl,), 
and the uquid is boiled for some time; excess of 
CaCOi is then added, and the liquid is filtered at 
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onoe, as far a^pouibU oat o! contact witb air; 
this treatment is repeated twice; the greater 
part of the imparities is thbs removed. The 
ppd. Oa oxide mixed with OaCO, is dissolved in 
HClAq; NH^q is added in excess, and the liquid 
is boiled ontU it shows an acid reaction, water 
being added from time to time; the pp. is dis¬ 
solved in HjSOiAq, and the liquid is evaporated 
until white fumes come off^ the last traces of 
eblorides are thus removed. To the sulphate is 
added considerable excess of pure EOH (free 
from chloride). After gentle warming the liquid 
is filtered (oxides of Fe and In are thus removed), 
and the strongly alkaline liquid is electrolysed, 
Pt electrodes are used, and the positive plate 
should be 6 to 10 times larger than the negative. 
The Ga is removed by the fin|er from the Pt 
plate under warm water, and allowed to stand for 
an hour or two in water acidulated with pure 
HCl, and then in dilute pure potash solution for 
a little at 60°-60°; it is then washed with water. 
2. Iron may be used in place of zinc to effect the 
reduction of the solution of the blende; only a 
little Cd, Pb, are thus ppd., so that the first 
filtration is omitted. The liquid containing Fe 
is boiled till a white pp. forms, CaCO, in slight 
excess is added, and the liquid is filtered at once. 
The pp. is dissolved in HClAq, and the liquid is 
reppd. by CaCO„ NajSO, being added to prevent 
oxidation of ferrous iron. Finally the pp. is dis¬ 
solved in HClAq, and oxides of Cr and Al are 
removed by one of the following methods: 
(1) tartaric acid and a Mn salt are added, and 
then excess of NE^q; addition of NH^ sulphide 
then ppts. MnS, and with it aU the Ga; this 
treatment is repeated two or three times; the 
pp. is then dissolved in HClAq, digested when 
cold with CaCOj, and the ppd. Ga oxide mixed 
with CaCO, is heated as directed in 1; (2) K,FeCy, 
is added to the solution in HCl; the pp. is 
washed with water containing ^ to ^ its weight 
cone. HClAq; the ferrocyanide pp. is then dried 
and fused with KHSO«, and the fused mass is 
treated with watei^; to the solution excess of 
KH,Aq is added, and it is then boiled for some 
time; the pp. is washed and dissolved in HClAq, 
and this liquid is treated with NajSO, and CaCO, 
as directed in 1. 

Properfiss.—A grey metal, with greenish-blue 
reflection; fairly hard; crystallises in quadratic 
ootah&ira; brittle, but may be hammered into 
thin plates, which can be bent without breaking. 
When melted, is a silver-white liquid with 
faint reddish reflection. It melts at 30'16‘’ and 
remains liquid nearly to 2°; if a small piece of 
solid Ga is placed in the liquid metal below 
S0’15^ the wnole solidifies; metals other than 
Ga fail to produce solidifioation. According to 
J. Begnanla, liquid Ga is electronegative to solid 
Ga (C. B. 86,1467). Ga is unchanged in air * 
boiling water. Heated in air to full redness it 
does not volatilise, and is tlxidised only super¬ 
ficially. It is superficially oxidised when heated 
to redness in dry 0. The atomic weight of Qa 
has been determined (1) by Converting a knowa 
mass of the metal into oxide (De Boisbaudran, 
0. B. 86, 941); (2) by strongly heating gallium- 
ammonium ahffar B., fxJ; (^ from determi¬ 
nations of the V.JD. of Ga(S,, GaCl, (Nilson a. 
Pettersson, 0. /. Trans* 1888.822); (4) by deter- 
BUfting BM* of Ga; (6) by cstablishiag (bat 


Ga-NH^ sulphate Is isomorphoas with alma, 
and hence assigning a formula to the Ga com- 
pound (v. also Chmicai relations of Gallium). 
As the eblorides GsOl, and GsOl, have botn 
been gasified (NUson a. Pettersson, 0. J* Trans. 
1888. 822) the atom of Ga appears to be both 
divalent and trivalent in gaseous molecules. 

Beactions. —1. Heated to full redness in air, 
or oxyg&n, Ga is superfloially oxidised.~2. Does 
not decompose water at 100^.—3. Dissolved* 
slowly by hydrochloric acid with evolution of H. 
4. Warm nitric add dissolves Ga, forming 
nitrate.**—6. Slowly dissolved by potash solution, 
also by ammonia.—6. Combines rapidly with 
chlorine at ordinary temperature, more slowly 
with bromine, and with iodine only when heated. 
7. Alloys very easily with afttminmw; the alloys 
decompose cold water rapidly. 

Separation and Estimation of Gallium ; v. 
De Boisbaudran, C. R. 93, 816; 94,1154,1227, 
1430,1025; 96,157, 410, 603, 703,1192,1332. 

Chemical relations of Gallium.—QaWmm is 
the fourth member of Group III., in the group¬ 
ing of the elements according to the periodic 
law. When Mendelejef! published his first ex¬ 
tensive memoir on the poriodio law, he was 
obliged to leave the positions 111.-4 and 111.-5 un¬ 
filled; none of the known elements could be 
placed in either of these places. Mondelejeff, 
however, predicted the properties of the elements 
which would be discovered to fill the vacancies. 
One of the two unknown elements was assigned 
a place in series 6. Now the differences between 
the values of the atomic weights of the elements 
in series 3 and 5, beginning with Group I. (and 
omitting Group HI. as the unknown element we 
are considering is placed in that group) are, 40 
in Group I., 41 in Group II., 44 in Group IV., 
44 in Group V., 47 in Group VI., and 44’6 in 
Group VU. Hence, it was argued, the differ¬ 
ence will be about 42 in Group III.; but the 
element in in.-3 is Al with at. w. 27; hence the 
unknown element in 111.-5 will have an at. w. of 
about 27 + 42 » 69. By tabulating the differences 
between the atomic weights of elements in series 
4 and 6, of course omitting Group HI., the 
following numbore are obtained; 24, 26, —, 24, 
24, 27, 26. Hence in Group III. the difference 
will be about 26; but there was a gap in series 
4 Group III., hence it was necessary first of ail 
to calculate a value for the at. w. of the jnknown 
element which ought to find a place in III.-4, 
and then to add 25 to this value. The result 
was that the element in I1I.-4 should have the 
at. w. 44; hence, 44 + 25 - 69. Having thus de- 
termfhed the at. w. of the element which would 
be placed in in.-6 when it was discovered, Men- 
delejeff proceeded to determine the properties of 
this element by studying (1) the properties of 
the members of Group HI., (2) the properties of 
the membersof series 6, (3) the relations between 
Group HI. as a whole and other groups, especi¬ 
ally considering the position of the group in the 
complete scheme of classification, and (^ the 
relations of series 6 to other series. Group III. is 
on the whole composed of metals; the only 
decided non-metal is B; but B is succeeded by 
the metal Al. As the unknown element would 
come next but one to Al, and would be followed 
by Y, La, In, Yb, Tl, it would certainly be a 
metal, and would rascmble Al generally. Then 
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•OQBideiing that the unknown element would l 
follow the metals Ou and Zn, is series 6, and 
would be followed by the element As which is 
both metaUio and non*metallio, As being sue- 
oeeded by the non-metals Se and Bit it might 
safely be asserted that the unknown element 
would be metallic, but probably less sietallio 
than Ou and Zn. The oomposition and proper* 

. ties of the compounds of the A1 group of ele* 
ments determined the general oomposition and 
properties of the compounds of the unknown 
metal; it would form an oxide MjO,, a chloride 
MjGl^ or MClt, it would form salts 
MBNO}, &e. Then, considering the position of 
the element as regards Al, it was argued that the 
relations of this body, when discovered, to Al 
would be somewhat simiIar«to those of Zn to Hg, 
or As to P, or Se to S. But as Zn is less like 
Hg than As is like P, and as As is less like P 
than Se is like S, it was concluded that the re¬ 
semblance between the new element and Al 
would be fairly close, although not qnite so , 
marked as that between As and P, or Se and S; i 
hence, it would probably form an alum. .Guided 
by such reasoning as this, MendelejeS was ahle 
to tabulate precisely the properties of the ele¬ 
ment which he plaoed in UI.-5, and to which he 
gave the name of eka-aluminium. The proper¬ 
ties of gallium were found to agree extremely 
closely with those of eka-aluminium [v. table in 
vol. i. p. 352). 

Lecocq de Boisbaudran calculated the at. w. 
of Ga by comparing its spectrum with those of 
analogous elements, and comparing this result 
with the spectral relations of similar elements, 
the at. ws. of all of which were known. The at. 
WB. of th^ three similar elements E, Bb, Cs, show 
the following relations 

At. w. Dlfferencsw 

E. . . 39*1 4A'26 

Rb . . 85*36 
Cs . . 133 47*64 

The increase in at. w. from Rb to Os increase 
from K to Rb X 1 + *02983. Then comparing the 
wave-lengths of the chief pairs of lines in the 
spectra of these three elements, we get this 
result:— 

Ware-lengths Keans Differenoes 

«»• -S} 599 

C. 6849 

The increase in wave-length from Hb 
■■increase from E to Rb x 1 + *3968. 

Turning now to the three elements of which 
Ga forms the middle meftiber, we have:— 

At. w. Cifferenoes 


1-38 


Al . . . 27'6-l 
Ga . . . t ^ 
In . . . llS-6 J 


.860 


And tabulating the wave-lengthe ot the principal 
pairs ot lines, we have 

Wave-leagtlw Mewia Pmorenow 

- mi} 

■m) 206 “ 


Oa. 


In. 


45Ui 

* ilOlj 


4806 


The increase in the wave-length from Oa b 
In «■ inorease from Al to Ga x 1 + *4014. Thei 
if it is assumed that the increase in wave-lengtl 
(\) is related to the increase in atomic weight (a 
similarly in both sets of elements, we have m 
statement:— 

\E to Cs : oE to Cs M XAI to In: oAl to In 
'8963 : ‘02983 - *4014 : x 

and X » *030214. 

Now, putting the difference of at. w. betweei 
Al and 6a as A, the difference between Ga ad( 
In as B, we find that B A(1 + *030214); and at 
Ax (2-h*030214) = 86, it follows that A-42*86 
and B=48*64 1 hence the at. w. of Gaisfounc 
to be (1) 27*5 +*42*36 - 69*86,and (2) 113*6-48*6^ 

=» 69*86. The observed at. w. is 69*9. 

For th^ properties of the elements of Group 
III., to which belongs, v. Eabtqs, uztalb oi 
TQB, ps 424. 

Gallium bromides. Ga and Br combine di¬ 
rectly to form a oolonrless crystalline mass, 
which is less volatile than GaCl,. Probably two 
bromides, GaBr* and GaBr,, are produced j but 
they require further investigation. 

Gallium chlorides. Two are known, GaClg 
and GaCl,. Both have been gasified. 

Gallium dichloridb GaClj. Mol. w. 140*64. 
V.D. at 1000°-1400° 60*6 (Nilson a. Pettersson, 
C. J. 63, 825). Prepared by heating Ga in Cl, 
keeping the metal in excess; or better, by heat¬ 
ing GaOljwith Ga for a long time, and then dis¬ 
tilling in dry CO.j (N. a. P., l.c.). Whito’transpa- 
rent crystals, melting at 164°, and boiling at o. 
635°. When melted it may be kept for a long 
time without solidifying. Vapour fumes in the 
air. Deliquesces in moist air to a clear liquid; 
addition of water causes ppn. of a grey solid 
(? oxychloride or suboxide, or GaCl v, N. a. P., 
t.c.), and evolution of H. Solution of GaCl, in 
HCIAq reduces EMnO^Aq. At a white heat 
GaCl.; appears to decompose into Cl and a lower 
chloride (N. a. P., ^.c.). * 

Gallium TRicnLoaiDB GaCl,. Mol. w. 176*01- 
V.D. 440° to 0 . 1000° 89; at 360° V.D. = 128 
(Nilson a. Pettersson, C. J- 63, 824). V-D. 237°- 
307° 161*6; at 377*6° V.D. = 113*2 (Friedel a. 
Crafts, C. R. 107, 306). These results point to 
the existence of Ga,Clg at c. 250°, and to the 
gradual dissociation of this molecule into QaCl,# 
S.G.^2*36. , 

GaCl, may be prepared by heating Ga in 
excess of Cl, and distilling the product in N, or 
by heating Ga in dry DCl gas free from air. It 
forma long white needles, which melt at 76*5* 
and boil at c. 216°-220°. When melted it re¬ 
mains liquid at temperatures below its in.p. 

' Molten GaCl, absorbs gases readily, 6.g. N 
and Cl, and gives'tiiem off again on crystallising. 
It is deliquescent in moist air; dissolves in 
water with production of much heat. When 
this solution is evaporated an amorphous mass 
»ia obtained, which absorbs moisture and becomes 

f elatinous. When this gelatkous substance was 
ept in closed tubes for several years small 
crystals were obtained having the oomposition 
G8,04aa,0..13H,0 {L, de B.j. At »tont U00» 
OaOl, begins to decompose into Gaul, and 01 
(N. a. P., U). 
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GALLIUM, 


OriUmn ferronyanid* is ppi as a white salt 
by ^ding K,FeOy^q to solution ol OaCl.. Com- 
position not determined. 

OftlUnm io^des. Two probably exist, cor¬ 
responding with the two oblorides; but they have 
not been thoroughly investigated. Ga and I 
combine when heated together. • 

Gailinm ozidM. Two probably exist. 

Gal^m uonoxxdb (? GaO) is probably formed 
by heating GcjO, to redness in a stream of H. 
The substance thus formed is a greyish-blue 
mass, which dissolves in HNO^Aq and in dilute 
HClAq; the solution in HClAq decolourises 
KMnO^q. 

GiLLiuK SEsgoioxniB GaaOaj^ White solid, 
formed by heating Ga3NO,. Dissolves in acids 
to form Ga salts. Does not melt at white heat. 
Beduced to Ga by H at a high temperature. 
fi.H. *1062. Hydrated gallium oxide (? GaOjHs) 
is ppd. from solutions of Ga salts by carbonates 
and bicarbonates of the alkalis. It is sol. in 
excess of the pptant., more sol. NH^Aq and 
(NHJ.CO^q, and v. sol. KOHAq. 

OaUium, salts of. Only a few salts have 
been prepared. The chief are Ga3NO, and 
Oa^SSOg (v. Nitrates and Sulpuates). They are 
obtained by dissolving Ga^O, in acids and evapo¬ 
rating. The sulphate forma an ammonia-alum : 
Ga,3S0^.(NH,)3S0*.2lH,0. 

Sulphydric acid does not ppt. Ga salts. If, 
however, the solution is alkaline, or is acidified 
by a weak acid, and a metal is present whose 
B^ts are ppd. by H.^S, e.g. Zn, then the Ga is also 
ppd. Potash ppts. Ga salts; the pp. is e. sol. 
in excessof the pptant. Potassium ferrocyanide 
gives a pp. with so little as part of a 
Ga salt in an HGl solution. Barium carhonate 
ppts. GajOj in the cold. Zinc does not ppt. Ga 
from acid solutions; but as soon as the acid has 
been neatraltaed by the Zn white docks of Ga.^0, 
ppt- 

Gallium sulphide. The white pp. obtained 
by passing HjS into a cone, solution of GaCl, in 
NH^q, to which NH, tartrate has been added, is 
probably a sulphide of Ga. M. M. P. M. 

GAIiLOCAItBOXTLIC ACID v. PrRooALi.oL- 

DX-OABBOXYLIC AGIO. 


GALLOCYAKIHE C,«n,jNjO|. Formed by 
heating gallic acid and the hydrochloride of 
nitroso-dimethyl-aniline in an alcoholic or HOAo 
solution {Nietzki u. Otto, B. 21,1740; c/. Pabst, 
Bl [2] 38,162; KOchlin, C. N. 47,170). Shiny 
green needles, almost insol. water, alcohol, and 
HOAc. Sol. alkalis with reddish colour. Cone, 
acids dissolve it with reddish-violet colour. The 
salts so formed are decomposed by water. Dyes 
wooh mordanted with chromium, bluish-violet. / 
Anilids Lustrous green 

needles. « 

Msthyl ether 0,jH„N,0jMe. •Prwte.* 
Formed by the action of nitroso-dimethyl- 
uiUne hydrochloride on the methyl ether of 
‘gallio acid. Is more basic than gallooyanine 
and forms a crystalline hydrochloride. Dyes 
cotton, mordanted with tannin, or wool or cotton 
znordimted with ebromiom, bluish-violet. 
Di-aeetyl dsrtoafios of the methyl ether 
Small greenish needles (from 


GAIXOFXiATiN 0„H,0,f Obtained by dis¬ 
solving gallio acid (60 g.) in alcohol (876 o.o.) 
and water (1000 o.o.), cooling to 0®, adding 185 o,o. 
of 2dp.o. aqueous EOH, and passing air through 
the solution (Bohn a. Graebe, B. 20, 2327). 
Greenish-yellow plates, ri. sol. water, alcohol, 
and ether. Dissolves in alkalis and their car¬ 
bonates forming yellow solutions. Dyes wool, 
mordanted with chromium,yellow.— 
greenish-yellow crystals, v. si. sol. cold water; 
boiling water liberates free gallofiavin. 

Aceiyl derivative CijHjAo^O^ [230®]. 
White needles, v. sol. HOAc. 

Chloro-acetyl derivative 
C,3H,(C.Cin,0),0,. [212®]. 

GALLOL t.c. 

0<^«y-j^2j'>®3.C,H,.CH,.0H. Formed by 
reducing gallein {q. v.) with zinc-dust and dilute 
H,SO, (Baeyer, B. 4, 666; Buchka, A. 209,264). 
Crystals, changing in the air to a reddish powder. 
SI. sol. cold water and ether, v. e. sol. alcohol. 

Penta-acetyl derivative C-rtH.^AOjO,. 
[230®].’ 

GAMBOGE. A gum-resin which appears to 
be produced from stalagmites cambogwides, a 
tree growing in Siam. It contains about 72p.c. 
resin and 20 p.c. gum. Its powder is yellow. 
It is a drastic purgative. It dissolves in alcohol 
and ammonia; the ammoniacal solution gives a 
red pp. with BaClj, and yellow ppa. with ZnSO,, 
with lead salts, and with AgNO,. Ether extracts 
a red resin which forms a yellow powder; it de¬ 
composes boiling alkaline carbonates forming 
red salts (Buchner, A. 45, 94 ; Chriatison, A. 76, 
344; Costelo, Ph. [3j 9, 1022). Potash-fusion 
gives phloroglucin, acetic acid, isouvitio acid 
GpHp 04 , and pyrotartaric acid (Hlasiwetz a. 
Barth, A. 138, 61). 

GABDENIN 0„H,A. [164®]. Extracted 
from ‘dekamali,’ a resin from Gardenia lucida. 
After removing tlie volatile oil by distilling with 
steam, the residue is extracted with weak spirit, 
from which gardonin crystallises on cooling. It 
may be purified by successive crystallisation 
from benzene and petroleum spirit (Stenhouse 
a. Groves, C. J. 31, 651; 36,6H9; cf. Fliickiger, 
Ph. [3] 7, 589). Deep yellow crystals. Almost 
insol. water, m. sol. alcohol. Insol. alkalis, sol. 
hot HClAq. Its solution in HOAo '\30 pts.) 
treated with HNO, (S.G. 1*45) gives gardenio 
acid. 

Gardenic acid Cj^HipOp? [o. 223®}. Deep 
crimsqn needles, insol. water, light petroleum, 
GSj, and almost insol. ether and benzene. Sol. 
alkalis. 

Acetyl derivative 0,pHgACs,Op. [244®]. 
Formed by the action of glacial acetio acid. 
Insol. water, light petroleum, and GS,. Almost 
insol. ether ai^d benzene. Sol. alkalis. 

Hydrogardenic acid OiqH^Op. [190®]. 
Formed by the action of H^SO, on gardenic acid. 
Flat nee<Be8. May be re-oxidised to gardenio 
acid. 

GABIIC OIL. Contains ally! sulphooyanide 
(Wertheim,A.61,289) and a sesquiterpene Ci^H., 
(264®) (Beckett a. Wright, 0. J. 29,1). 

OAHEYiyB. A substance crystallising in 
cubes and occurring in the leaves and roots of 
Oarrya PrmonH. It is sol. ^ter and alcohol ^ 
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ftfid pyes ft purple colour with H^SO. (Robs, PA ! 
[8: 8,489). i 

ftABSS, ABSORPTION OP. The more im* 
poitant chemical aspects of the absorption of 
gases are treated in the article Dissociation ; 
V. especially pp. 395-399. 

OASES, ANALYSIS OP, v. Analysis, vol. i. 
pp. 232 -247. 

, GASES, COMBINATION OP, BY VOLUME, 
V. Combination, chemical, laws of, pp. 236, 238 . 

OASES, DIFFUSION OF, v. Diffusion, 
p. 884; and also Physical methods. 

GASES, TRANSPIRATION OF. The rate of 
flow of gases through capillary tubes is generally 
called the transpiration of gases. Jdoasuremonts 
of transpiration-constants are more important in 
physical than in chemical iaquiries. 

OASIPElKE, a misprint tor Galipbine. 

GAULTHERIA OIL, or Oil of Wintergreen, is 
obtained from the leaves of Qaultheria procum- 
bens, growing in New Jersey, by steam distilla¬ 
tion. It consists of methyl salicylate (222°) 
mixed with a small quantity of a terpene C,oH„ 
(160°). V.D. 4-92 (Cahours, A. Ch. [3] 10, 327; 
Procter, J. Ph. [3] 3, 276; A. 48, CG; Dicd<ir- 
mann. B. 8, 1G77). 

GEISSOSPERMINE [1^0°]. 

Wd— — 93'4° in a 1*6 p.o. solution at 16°. An 
alkaloid occurring in the Pereira bark (Hesse, 
A. 202,143; B. 10, 2162). Small white prisms 
(containing aq), sol. dilute acids but reppd. on 
neutralisation. HI. sol. ether- Forms a purple 
solution in cone. HNO.,Aq. It does not reduce 
HjPtCU (Wulfshcrg, Ph. [3] 11, 269). It gives 
pp*a. with with KDrD,, with potassio- 

jnorcurio iodide, and with potassium picrate. 

Saltgi—B'..H,l’tCl,.: yellow flocculentpp.— 
Auroohloride: brown amorphous pp.— 
Oxalate: minute needles.—Sulphate: white 
needles. ’ 

GELATIN V . Pboteids, Appendix C. 

OELOSE CfiHiA* J’orms the essential con- 
stituent of Cliina moss or HaJ-Tliao (Payen, 
C.R. 49, 521; Morin, C. R. 90, 924). Used 
for finishing cotton goods (Heilniann, D. P. J. 
213, 622). When dissolved even in 500 
times its weight of water it forms a jelly on 
cooling. After drying it is in.sol. cold water, 
alcohol, ether, weak alkalis or acids, and 
Schweizer’s solution. Dilute HNO, oxidises it 
to mucic acid. It.s aqueous solution is ppd. by 
alcohol. Dilute HCl, acetic acid, and oxalic 
acid deprive it of its property of gelatinising; 
heating with water under 6 atmospheres’ pres¬ 
sure has a like ellect. A 10 p.c. aqueous solu¬ 
tion is IflBvorotatory, fa]= -4° 16’ ; but boilnig 
acidulated water slowly changes this to a nearly 
equal dextrorotation, the» resulting solution re¬ 
ducing Fehling’s solution, and being no longer 
ppd. by alcohol. By treating gelose with water 
at 100° Porumbaru (0. R. 90,1081) got a lajvo- 
rotatory sugar CjH, A 

GEL8EMINB C„Hs,NjO,. S. (ether) 4. May 
be extracted by alcohol from the root of 
OeUemium sempervirens (Wormley, Ph. [3] 13, 
106; Gerrard, Ph. [8] 18, 602,641; Robbins, B. 
9,1182; Thompson, Ph. [3] 17, 803). Amor- 
phous solid, melting below 100°. SI. sol. water, 
m. sol. alcohol, v. sol. ether and chloroform. 
Its solution has a bitter l^ste and is strongly 
alkaline. It ii fery poisonous, produoiog con* 


▼ulsiona. Its hydrochloride is ppd. by the usual 
reagents for alkaloids. Cone. H 2 SO 4 gives a 
greenish-yellow solution soon turning reddish- 
brown; on adding a cherry-red colour 

turning to bluish-green appears. HNO, turns it 
green. 

• Salts,—B'HCl: amorphous. — B',H,Pt01,: 
amorphous. Using the fonnula 
Thompson describes the salts 
B'(HAuCl,).„ and B'.,(H,,PtCU,. 

Gelsemmine. A resinous alkaloid which, 
according to Thompson, accompanies gelsemine. 

Gelsemio acid. An acid which, according to 
Wormley, occurs in Gelsemum sempervirens and 
may be extracted by ether from the acidulated 
root. It dissolves in 2,912 pts. of water and in 
330 pts. of ether. HNO, turns it yellow, the 
solution becoming deep red on addition of am¬ 
monia. Gelsemic acid forms fluorescent solu¬ 
tions and is perhaps identical with a3sculin. 

TRPGENIC ACID v. Ethylidene-biubet. 
GENTIANIN C.,H.A 

CA(GH).,.CO.CAMeO.^. Oentisin. Oentianic 
acid. The colouring matter of tlie root of 
Gentiana lutea growing in Switzerland and the 
Tyrol and used as a tonic (Henry a. Caventou, 
J. Ph. 7, 173; Baumert, A. 62, 106; Tromma- 
dorff, 21,134; Leconte, A. 25, 202; Hlasi- 
wetz a. Haborrnann, B. 7, 652; A. 175, 63; 180, 
818), Pale-yellow needles, v. si. sol. water, m. 
sol. ether, v. sol. boiling alcohol. Neutral to 
litmus. Alkalis dissolve it, yielding a deep 
golden solution. Between 300° and 340° it may 
be partially sublimed, but the greater part is 
carbonised. It is not attacked by dilute acids. 
Cone. forms a yellow solution. HNO, 

(S.G. 1*43) forms a green solution from which 
water throws down green 0 „H,(N 02 ) 20 ,aq. 
Fuming HNO, appears to form C,,H;(NO,)A* 
Potash-fusion splits up gentianin into phloro- 
glucin, gentisicacid, and acetic acid. Gentianin 
reducesAgNOj. Sodium-amalgam formsOjjH,A 
an amorphous red body. 

Salts.—KH A"aq.—KIi,A"j 2aq.— 
KJI,A",17aq.—NanA"2aq: golden needles.— 
Na,H,A",aq. — Na^HmA", 2aq. — BaA''aq. — 
PbA'Tb(OH),. 

j Acetyl derivative C,fB..,kcfiy [196°]. 

‘ Slender crystals (from alcohol). 

I GENTIANOSE [210°]. Prepared 

I from the juice of Gentian/i luka (taken in 
I September) by exhausting with alcohol (95 p,o.) 

I and fractionally ppg- with*ether (A. Meyer, 

! J/. 6 , 135). Colourless tables with sweet taste, 
i Sol. water. Its aqueous solution is fermented 
by yeast. It is charred by H,S 04 . It does not 
reduce Fehling’s solution. It is dextrorotatory. 

GENTIOPICRIN C,oH,oO, 2 . [121°-126°]. 
Occurs in the root of Genliana Intea (liromayer, 
*Ar. Ph. [2] 110, 27). Needles ; v. sol. 'water, si. 
sol. alcohol, insol. ftther; tastes bitter. Reduces 
hot ammoniacal AgNO,. Does not reduce Feh¬ 
ling’s solution. Split up by dilute acids into 
amorphous gentygenin G, 4 H,A ^ 
Rentable sugar. * 

«0£NTIS1C ACID v. Di-ox1^benzoxo acid. 

GENTISIC ALDEHYDE Di-oxt-benzoio 

ALDBBYDE. 

OENTISIN V. Gentianin. 

GEOLOGICAL CHEMISTRY. Sinoft geology 
at ft science whioh deals primarily with ue ton- 
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Btitatlon and history of the earth, it Is evident 
that there osust be many points at whioh 
it oomea into mlation, d^eotly or indirectly, 
mth chemistry. Much of geological science is 
devoted to the study of rocks, or those large 
masses of mineral matter which bnild up the 
erust of the earth. The phemist is of service t4 
the geologist not only in analysing these rocks, 
or the mineral species of which they are composed, 
bat in explaining some of the processes by 
which the rooks themselves may have been 
originally formed, and in tracing the nature of 
the alterations to which they have been subjected 
since their formation. Hence the geological 
chemist gives special attention to those natural 
processes of rock formation in ybich chemical 
reactions are involved, and be endeavours to 
imitate the operations of nature by experiment 
in the laboratory. The experimental method 
was first introduced into geology by Sir James 
Hall, of Dunglass, who, in order to exphin the 
origin of certain crystalline limestones, subjected 
pounded chalk to a high temperature in closed 
gnn-barrels, and obtained, under certain con¬ 
ditions, a crystalline mass of carbonate of cal¬ 
cium somewhat resembling a saccharoidal marble 
{T. E. 6 , 101,121). It must be remembered, 
however, that much of the experimental work 
recorded in the literature of chemical geology 
refers to the synthesis of minerals rather than 
of rocks. A rock may, it is true, be composed 
,of only a single mineral, but in most cases a 
rock is an aggregate of several distinct mineral 
species, and although the synthesis of each con¬ 
stituent may be successfully effected, it by no 
means follows that this work will throw light 
upon the origin of the composite rock. (For an 
excellent account of the present condition of 
mineral synthesis, see M. L. Bourgeois. Repro¬ 
duction ariificielle des mirUraux, in Fremy’s 
Ency. Ch- 1884 ; and Fonqud and Levy's Syn- 
thitc des Miniraux et des Roches, Paris, 1882.) 

Analysis of Bocks. — The simplest 
method is of course'to analyse the rook as a 
iHmle, and in the case of a very fine-grained rock 
in which it is Impossible to separate the mineral 
eoi^tuents individnally, this is the only avail- 
aide method. The interpretation of the results 
of such an analysis requires, however, consider¬ 
able sagacitv, more especially if the constitution 
of the rock be complex. Two rocks, distinct in 
oompoeition, sooh as a granite and a trachyte, 
mav give the satne bdk-analysia, while two 
rooks of siznilar niineral composition may yield 
diffenmt analyses. When the oxygen ratio, or 

S oantivalent ratio, of a */ock is known, as also 
lat of each of its mineral components, it may 
be possible to calculate the percentage of each 
mineral in the rock (o. 8. Haaghton, Quart.^ 
/oum. Qeolog. 8oc. 18, 418). 

Methods.^ fractional angsts have been in- 
^odaoed for the porpose of effecting a chemical 
separation of the constitaents of certain rooks. 
Omalin, in ^analyses of pho^lites, was perhaps 
the first to separate the part solnble in hydro-’' 
ehlorio aoid ft^ that which was insoluble, and 
to analyse eaoh^ separately. Grave objections 
may, however, be nrged against this method, and 
it is now rarely oseo. Mom tmstworthy results 
have been obtained by treating the rook, U com¬ 
posed oC TirioDS siUeates, with bydrofioorie acid, 


which attacks the several minerals in nneqaal 
degree. Such a method is sometimes useful in 
controlling a bulk-analysis. 

Of late years oonsiderable use has been made 
of certain dense liquids for the purpose of effect¬ 
ing the mechanical separation of the minerals 
which compose a rook, in order that each con¬ 
stituent may be isolated in a state of purity for 
separate analysis. The S.G. of the liquid is so 
adjusted that when the rook is coarsely powdered 
and thrown into the liquid certain of the minerals 
float while others sink. Several such liquids 
are now'in common use in the geological labora¬ 
tory (v. J. W. Judd, Proc. Geolog. Assoc. 8,278; 
and F. Butley, Rock-forming Minerals, London, 
1886). 

Sonstadt^s solution,recommended byCburoh, 
consists of a solution of Hgl 2 and KI; it may 
be obtained with S.G. 3-196 (0. N. 29, 127; 
Neues Jahrb. f. Min., Bcilage 1,179). It is also 
known as Thoulet’s solution. If a rook con¬ 
sisted of plagioclase with S.G. 2-7 and augite 
with S.G. 3‘1, and these minerals were set free 
by mechanical disintegration of the rock, a com¬ 
plete separation might readily be effected in 
Sonstadt’s solution with S.G. of about 3. The 
poisonous and corrosive character of the solu¬ 
tion, however, tends to limit its use. Klein’s 
solution is a boro-tungstate of cadmium, less 
dangerous than Sonstadt’s, and capable of at¬ 
taining to a higher S.G., the maximum being 
about 3*6. The solution has, however, the dis¬ 
advantage of being decomposed by carbonates, 
and therefore if these be present in the rock 
they should be removed before the solution is 
used {Bull. Soe. Min. France, 4, 149). Rohr- 
bach’s solution resembles Sonstadt’s,** but con¬ 
tains Bal, in place of KI; its maximum S.G. is 
3'58. It is unfortunately decomposed in the 
presence of water, so that all minerals used 
must be perfectly dried {Neues Jahrb. 11,180). 
Brauns has recommended the use of methyl 
iodide, which has S.G. 3-3.37 at 10 . Br4on ad¬ 
vocates the employment of fused PbCl^, either 
alone or mixed with ZnCl,; but though by 
properly adjusting the proportions of the con¬ 
stituents it may be prepared of high S.G., its 
use in a state of fusion is attended ^7ith much 
inoonveuienoe {Bull. Soc. Min. France, 8, 46). 

The S.G. of a heavy solution may be con¬ 
veniently determined by means of Weftphal’s 
hydro-balance {Neues Jahh. /. Min. 2, 87). 
The S.G. of very small fragments of minerals 
and rocks may thus be accurately taken: the 
fragments are placed in the dense solution, which 
is Vhen diluted antil they remain suspended in¬ 
differently in any part of the liquid (n. also 
W. J. SoUas, Proc.R. Dublin Soc., Jan. 19,1885). 
The separation of one mineral from another, 
when in small particles, is best effected in a 
special type separating funnel, devised by 
Harada and improved by BrOgger. (For the 
subject generally v. Bosenbascb, Mikroskop. 
Physiog. 2 Aufi. Bd. i. [Stuttgart], 1885, pp. 194, 
215; English translation by Iddings, 1888. p. 
91.) 

The meehanioal separation of the constituent 
minerals of a rook, prerioas to chemical analysis, 
is aided by the nse of a powerful magnet. With 
an electro-magnet of great power, silicates rich 
in iron, inch as hornblende, augite, and biotiUy 
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may be picked out of ibe polTerised rook (Fouqcd 
a. Ij6vy» Jfttt. Micrograph. (Paris, 18791, 115). 
^or a large ooUeotion of analyses of rooks con¬ 
sult J. Roth,J>ie Oesteim-Amlysen (Berlin, 18611, 
and his BeitrUge, 1873-84.) 

Micro • chemical examination of 
rotki .—The miorosoopio examination of thin 
sections of rocks, which forma an important' 
^ branch of modem petrography, has led to the 
introduction in recent years of certain micro- 
chemical tests for distinguishing one mineral 
species from another. The micro>ohemical me¬ 
thods do not aim at effecting a complete analysis 
of the microscopic constituents of a rock, but 
are used rather for the purpose of controlling 
optical determinations. * 

The rock may be coarsejy powdered in a steel 
mortar, and the particles t 9 be examined after 
separation of the fine powder by a sieve may bo 
picked out by aid of the forceps, or if too small 
may be removed on the point of a needle moistened 
with glycerine, from which the accumulated grains 
may be detached by dipping the needle into water. 
Any steel particles derived from the mortar may 
be separated by a magnet. In other cases the 
constituent minerals are so minute that it becomes 
necessary to prepare a thin section of the rock 
and subject it to examination under the micro¬ 
scope. By means of a needle, the grains to be 
examined may be picked out from the section. 
It is convenient for the operator to commence 
by detaching the fragments near the edge, and to 
work patiently thence towards the centre of the 
section. The section is, of course, not protected 
by a cover-glass; and the Canada balsam by 
which the slice is cemented to the glass is dis¬ 
solved o9 by treatment with alcohol. 

In some cases the particles to be examined 
cannot conveniently be separated, and it then 
becomes necessary to attack the mineral in the 
section itself. The particular mineral to be tested 
is brought into the field of the microscope, and 
a perforated cover-glass is then drawn over the 
seoiion in such a way that the mineral is just 
under the perforation. Through this aperture 
the balsam is dissolved, and the mineral exposed 
ready for attack by the reagent. If hydrofluoric 
acid is to be used the section is covered with a 
perforated slip of platinum foil instead of a cover- 
glass. By means of a pipette a drop of the solvent 
is lod^d on the slide, and the liquid may then be 
conducted to the mineral exposed at the aperture 
by the point of a platinum wire. 

The general method in these micro-chemical 
reactions is to produce certain compounds which 
present distinctive crystalline forms capabka of 
recognition under the microscope. In Borioky’s 
methodthemicroscopicmi*i®r®l3W®^ff^kedwith 
H,SiF,Aq, which forms a series of crystallised 
eilicofluoridos, many of which are sufficiently 
eharaoteristio in form to be re|4^y recognised. 
Uncertainty is, however, introduced by the fact 
that several of the silicofluorides are isomorphous. 
Behrens attacks the rook with HFAq, and treats 
the product with HjSO,Aq. In Streng’a pro-* 
cesses most of the salts orystalUseout as chlorides. 
For the special reactions, and for figures of the 
microscopic crystals produced by these reactions, 
reference may be made to Element a. Benard, 
BMctions AftcrocAtwiqww, Brussels, 1886; Haas- 
holer, Mikroakopische Beaciionen, Mumoh, 1885; 


Behrens, Mikrochcmische MethJSen turMinurai- 
analyse, Vers, en Med. d. k. Ak. Wetensoh., 
Amsterdam, 1882; and G. Borioky, Elemente 
einer neuenchem.>mik. Min.- u. Qesteinsanalyee 
Arch. d. naturw. Landesfor. t. Bdhmen, Prague, 
1877. 

The geological chemist is often called npon 
to decide the nature of a given felspar in a rook, 
and for this purfkjse the method introduced by 
Szab5 of Budapest is convenient. An extremely 
small particle of felspar is introduced into the 
flame of a Bunsen burner provided with a special 
chimney of sheet-iron. The proportion of soda 
or potash may be approximately determined by 
comparing the extent of the yellower red coloura¬ 
tion with the standard plates issued by Szab6. In 
experienced hinds this process yields remarkably 
precise results {v. Szab6, Ueber eine neue MetJwde, 
die Feldspathe in Oesteinen eu bestimmen, Buda¬ 
pest, 1876; aud F. Butley, Bock-forming Mineralst 
London, 1888, p. 9). 

Classification of Bocke *—Some rooks 
have evidently been formed as deposits in a 
watery medium, while others have existed at some 
period at a high temperature aud been more or 
less completely fused; hence arise two great 
groups of rocks: one of aqueous, the other of 
igneous, origin. Certain rocks, whether aqueous 
or igneous, have suffered such alteration since 
their formation that their original characters are 
no longer to be recognised by direct observation, 
and hence these are known as metamorphic 
rooks. Of the so-called aqueous rooks a few 
have been deposited directly from solution as 
chemical precipitates; but by far the larger num¬ 
ber have been thrown down as sediments from a 
state of mechanical suspension. The aqueous 
deposits are known as sedimentary or stratified 
rocks, while the igneous rocks are often de¬ 
scribed as unstratified or massive. In addition 
to these types there are a few rocks, like coal 
and certain limestones, which owe their origin, 
directly or indirectly, to organic agencies, and 
are hence termed organic rocks. But though 
the ultimate origin of su^ deposits is organic, 
the changes through which they have passed in 
reaching their present condition are essentially 
ohemic^. 

It usually happens that several modes of 
formation h&ve contributed to the production of 
a single rock. Thus, rooks formed as chemical 
precipitates, though practically homogeneous, 
may contain an admixture foreign matter re¬ 
presenting material that was mechanically thrown 
down during precipitation. On the other 
hand, a sedimentary nook frequently ^s its con¬ 
stituent grains bound together by mineral mat¬ 
ter which has been precipitated in association 
with, or subsequent to, the mechanical deposit, 
and has acted as a cementing medium; a sand¬ 
stone, lor examgle, may have its component 
grains united by mineral matter preoipitatedfrom 
solutions percolating through ^e original mass 
of sand. (On the origin and classification of 
rocks, consult A? Geikie, Text-book of Qeology^ 
2«d ed., 1886; A. H. Green, Physical Qeology, 
vol. i., 8rd ed., 1882; J. J. H. Teall, British 
Petrography, 1888; A. de La^lparent, Traiti d$ 
Qeologie, 2ad ed., Paris, 1885; and H. Oredner, 
Elemente de Qeologie, Leipzig, 8rd ed., 1876.) 

In dealing with igneous rooks it is alwa^ 
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desintble io ftscertain the proportion of silica in of their solubilit/. Snob a process of fractional 
the rock as a whole, since a comm n c!a 8 si£oa> crystallisation in nature is illustrated by the re* 
tion of such rocks is based upon this datum, markable salt-deposits at Stassfurt in Prussia. 
Bunsen, in studying the rooks of Iceland, sug- In the lowest beds the rock-salt is associated 
gested that all igneous rocks have been formed with gypsum, anhydrite, and carbonate of cal- 
by admixture of two magmas which he termed cium; but above the rock-salt there are deposits 
the normal trachytic Twrmal pyroxenic (P.> of deliquescent compounds, rich in potassium 
83, 197). Durooher afterwards developed a and magnesium, which remained in the mother- 
theory which derived the rocks from two mag* liquor after the NaCl had separated. The asso- 
mas situated at different subterranean depths, ciation of the rock-salt and anhydrite in alter- 
termed by him add and baste, and practically nate layers has led to the suggestion that they 
corresponding respectively with the trachytic represent seasonal deposits, the former having 
and pyrozenio magmas of Bunsen (Durochor, been deposited in the wanner, and the latter 
Essai de Pitrologie compare, Ann.de in the colder, parts of the year. Tlte soluble 

1857, pp. 917,676). At the present time most salts above tho main mass of rock-salt, known 
petrographers define the acid oi flight rocks as locally as Abraunisahe, consist chiefly of poly- 
those containing from 65 to 80 p.c. of silica, and halite (K 2 SO 4 .MgS 94 . 2 CaSO 4 . 2 H 2 O), kiesorito 
havingS.G.2‘3 to2*7; they usually contain a high (MgS 04 .H 20 ), and \:arnalHte (KCl.MgOl 2 . 6 H 2 O); 
proportion of alkalis, especially potash, and but v. Bischof, Die Steinsah bn Stassfurt, 2 Aufl. 
a small percentage of lime, magnesia, and oxides 1875; Oohsenius, Die BUdung der StcinsalZ’ 
of iron. On the other hand, the basic of* dense lagen, 1877; Precht, Die SaUindustrie von Stass- 
rocks contain only from 46 to 55 p.c. of silica, furt\ Bauerman, Proc. Civil Eng. 88 , 415; and 
but have S.G. rising from 2*5 to as high as 0. Napier Hake, S. C. I. 

8‘1; they are characterised by a low percentage Origin of Limestone.—One of the commonest 
of alkalis, with more soda than potash, and by examples of a chemically-furnicd rook is afforded 
a high percentage of lime, magnesia, and oxides by certain deposits of limestone which have been 
of iron (v. Teal), Brit. Pet., cap. ii.; and ppd. from calcareous waters. Such are the do- 
on the classification of igneous rocks, Bonney’s posits known as calcareous sinter or tufa, so' 
anniversary address, Geol. Soc., 41,1885). commonly formed by springs flowing through 

Chemically’formed Rocks. — The limestone districts, and forming in some cases 
chemical precipitates which are of interest to important rock-masses, like the travertine, or 
geologists, as having been formed on a large i * Tibur stone,’ of Tuscany. But while certain 
scale in nature, belong chiefly to the groups of limestones are tho result of direct ppn., it ap. 
carbonates, sulphates, and chlorides, represented pears that by far the greater number of sucli 
respectively by such rocks as limestone, gypsum, rocks owe their origin to organic agtuicies. Such, 
and rock-salt. Perhaps the simplest example for instance, is the chalk which is largely made 
is offered by rock-salt, since ^is has been up of the calcareous tests of foraminifOia; such, 
formed by the mere evaporation of a natural too, are the coral-limestones, which are formed 
brine. On the ooropositiou of sea-watersub- in large measure of the hard corallla of certain 
ject of mneh interest to the geological chemist— actinozoa. On the nature and origin of lime- 
V, Dittmar, Rep.^of Challenger, 1884; Porch- stones, v. H. C. Sorby’s Presidential Address to 
hammer, T. 155, 203; J. Both, Allgetneine u. the Geolog. Soc., 1879 {Quart, Journ. Geol. Soc. 
Chemische Qeolog., Bd. 1 [Berlin, 1870j; and 35, 66 , ‘ Proc.’); alsoF.Senft.'DioWanderun- 
Bischof, Chem. u. Phys. Geolog., 2ad ed., Bd. 1 genn.Wandelungend.Kohlena.Kaike 8 ’(^eifsc/t. 
(Bonn, 1863], p. 426. d. deutsch. Qeolog. Qes., 13,1801, 263). 

Bock-salt has nsually been formed in inland When CaCO, is deposited from thermal 
sheets of salt-water. These are either isolated springs, the pp. usually takes the form of am- 
portions of the sea or the relics of lakes which gonite, the orthorhombic species of CaGO„ 
were originally fresh but have acquired salinity harder and denser Ilian calcito. The ppn. of 
by the accumulation of salts introduced by aragonite is well illustrated by the SirriiifeUiein 
nrer-waters. The great Salt Lake of Utah, of Carlsbad. The water in which this is tormed 
situated in tan area of inland drainage, receives has a temperature of about 73*^0., and though 
streams which brng in salt; but, having no containing only 0'29 p.c. of CaCO„ it readily de- 
ontlet, the waters tend to become concentrated, posits this salt on cooling. The sprudelstein is 
In this arid region evaporation is rapid, and commonly oolitic or pisolitio, each little sphere 
along the shallow margiif of the lake vast quan- : being formed of a series of concentric layers de- 
titles of common salt spontaneously crystallise posited successively around a nucleus, and thus 
during the dry season; while in winter, whenever [ Imitating the oolitic stpucturo familiar to geolo- 
the temperature falls below ~6'5° Na .^804 is | gists in various limestones. The experiments of 
pl^., the quantity of this salt formed in a single , G. Bose tended to show that when a solution of 
season amounting to thousands of tons. Many ' carbonate of cf'cium is warm or concentrated it 
ancient lakes have in the course of time com- deposits aragonite, while if cold or very dilute it 
pletcly disappeared by desiccation, and their throws down calcite. It has been shown by 
position is now marked by ei^ensive saline de- Credner that the deposition of aragonite is 
pewits. For the chemical history of a fossil lake, favoured by the presence of gypsum, strontiahlte, 
lee 8 .0. Bussell's *'L^e Lahontan' in MoHo- and certain other foreign bodies in the solution 
jraphs of U. 8. Qeolog. Surv. 1885. from which ppn. proceeds. 

On toe evaporation of a salt-lake, or saline Oalcareous matter deposited on a large scale 

^ 1 , the least soluble salts will tend to crys- is usually more or less impure, and hence lime- 
first, the order in which the salts are sue- I stones become argillaceous, bituminous, &o. On 
WMlvely deposited being inversely as the order | the solution of a limestone by natural solvents, 
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a variaUe amount of insoluble matter is left, 
and where the aotion has extended over long 
periods the residual impurities, by their acoui 
tuulatioD, may acquire considerable importance: 
such, for instance, is the origin of the deposits 
on the chalk in this country known as ‘ clay*with‘ 
flints; and the reddish earth so common in 
limestone caverns and known as ‘ cave-earth.’ 
•On the solution of limestones in nature, v. T. 
Mellard Reade, Chemical Denudation in relation 
to Geological Time [tjondon,1879i. 

Origin of Dolomite. —The origin of magnesian 
limestone, or dolomite, has long been a cnemical 
enigma, yinco dolomite frequently occurs in as¬ 
sociation with rock-salt, it has been suggested 
that it must bo of lacustrine origin. Bischof, 
however, showed long ago thts dimculty of simul- 
taneously ppg. CaCO, and M^CO, from a solu- 
tion containing these salts. At the beginning of 
the evaporation CaCO, alone falls; towards the 
close of the process MgCOj alone; and it is only 
at intermediate stages that the mixed carbonates 
are thrown down. It might, therefore, be ex- 
jiected that the geologist would find pure lime¬ 
stone below, succeeded by a deposit of dolomite, 
and followed above by pure magnesite—a se¬ 
quence, however, which is not observed in na¬ 
ture. Indeed, dolomite seems to have been 
formed not so much by direct ppn. on the eva¬ 
poration of waters in which the two carbonates 
co-existed as by certain chemical reactions. 

Sterry Hunt has pointed out that the inter¬ 
action between carbonate of sodium and the 
chlorides of magnesium and calcium in sea-water 
would give rise to dolomite, with simultaneous 
production of chloride of sodium, thus explain¬ 
ing the dbmmon association of dolomite with 
rock-salt. There seems no dilTicuIty in providing 
the necessary quantity of Na^CO,, inasmuch as 
various soda-bearing silicates, notably the soda- 
felspars, arc commonly suffering decomposition 
in nature by the action of carbonated waters, 
with consequent formation of NEjCO, and sepa¬ 
ration of silica. Another reaction suggested by 
yterry Hunt is that which may occur between 
CaCO, and MgSO,; the resulting MgCO, may, 
under certain conditions, become associated with 
fresh CaCO„ so as to form dolomite, which will 
then be accompanied by a precipitate of CaSO,. 
As a i^atter of fact, nothing is more common 
than to find dolomite naturally associated with 
gypsum (Ghem. and Qeol. Essays, 1875, 90). 

Hoppe-Seylcr oblninod dolomite by beating 
carbonate of calcium in a solution of bicarbonate 
of magnesium in a sealed tube at 100°C^{Z^ts, 
deutsch. geol. Ges. 27, 509). Possibly in some 
cases dolomite has been formed under abnormal 
conditions of temperaturS. The crystalline dolo¬ 
mites, enormously developed in the triassio 
series of the Eastern Alps, are believed to be 
metamorphio rocks, or ordinary litiestones which 
have become dolomitised (v. infra). 

Weathering of Bocks. —Most rooks on or 
near the surface of the earth have suffered more or 
less chemioal change by the natural action of air 
and water. This weathering usually takes the 
form of oxidation and hydration ; thus, rooks 
suoh as basalt, which contain minerals rich in 
iron, exhibit along their joint-planes a rusty ap- 
Maranoe, dne to &e formation of ferrio hydrate. 
Pepositi ol brown iron-ore of great xnaf^tode 


may result from the alteration of masses of 
iron-pyrites.^ Such, too, is the origin of the 
gossan,^ or impure brown iron-ore commonly 
found in the upper part of mineral veins where 
anogemc action has been rife, and known to 
Continental miners as the Chapeau de fer or 
Eiserne Hut. Many clays and other rooks pre¬ 
sent in their unaltered condition a bluish or grey 
colour, due to the presence of finely-disseminated 
iron-pyrites, which in like manner decomposes 
on exposure, yielding ferrous sulphate, and finally 
ferric hydrate, and the rook thus assuming brown 
and yellow tints. (On the colour of certain 
oolitic rocks v. A. H. Church, C. /. 121 2. 
379.) ' 

On the othqr hand, a process of deoxidation 
may frequently be traced in tlie natural altera¬ 
tion of rocks aud minerals, the principal re¬ 
ducing agent being organic matter. Sulphates 
may thus be reduced to sulphides; whence in 
many feses the origin of iron-pyrites—a mineral 
commonly found in association with coal, fossil 
wood, shells and other organic remains (iJ.Pepys, 
Trans. Qeol. Soc. 1, 399). In like manner 
gypsum may be reduced to the condition of sul- 
phide of calcium; and this, if dissolved in water 
containing carbonic acid, will yield carbonate of 
calcium and sulphuretted hydrogen, the latter 
readily depositing free sulphur on exposure to 
the air. Hence probably the origin of the asso¬ 
ciated deposits of gypsum, sulphur, and lime¬ 
stone, so familiar to the geologist in Sicily and 
other sulphur-bearing localities. The removal 
of crystals of selenite from clays and other rocks 
may be due to similar reactions and not to mere 
solution (Duncan, Q. J. Oeol. Soc. 22,12) 

It has long been known that the organio 
acids resulting from the decomposition of vege¬ 
table matter may exert a bleaching action upon 
red and brown rocks, by reducing the ferrio oxide 
to a lower state of oxidation. *It has been sug- - 
gested that some of the finest white glass-making 
sands may have been derived from sands origin¬ 
ally yellow or brown, but^decolourised in this 
way. At_ the same time such reducing action 
appears incompetent to explain the local de¬ 
colouration observed in many variegated rocks 
(v. an important paper by G. Maw in Q. J, Gait, 
Soc. 24, 351). 

Hydration, though usually accompanying 
oxidation, may occur in nature without any 
other chemical change. A common illustration 
of such action is seen in the eonversion of anhy¬ 
drite into gypsum, by absorption of two mole¬ 
cules of water. This change is accompanied by 
a marked increase in bulk, 1 vol. of GaSO^ be¬ 
coming 1*6 vol. of CaS 04 . 2 H 20 . The galleries 
ol deserted mines in which anhydrite has been 
worked have become closed by the swelling of 
the walls, consequent on hydration of the 
mineral. Geologifts believe that a similar in¬ 
crement of bulk, occurring on a large scale in 
deep-seated deposits, mny account for certain 
minor movements of the Earth's ernst. 

Origin of Kamin. —It is commonly said th«| 
oifb of the most striking examples of weathering 
is afforded by the decomposition of the felspar 
in granitic and other rocks. Meteoric waters, 
containing carbonic and organic acids, readily 
attack felspathio minerals, removing tiie ttlkaiia 
in a solable form, while the silicate of alaaihiQi)a« 
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iB a hjdrated OQodiiioD, nmiinB behind as cias. 
Kaclin, or ohma>c}ay, the purest form of argil* 
laoeoni matter, may thus be deriyed from fel* 
spar •bearing rooks, especially granites. It was 
serioual^ h^d that the neat heat experienced 
in workmg the Comstock lode was due to the 
ksolinisation of the felspars in the surrounding' 
rocks—a suggestion, however, entirely disproved 
by exmriment. In Cornwall it is not uncommon 
to find granite in which the orthoclase, or pot- 
ash-fdspar, is more or less decomposed, while 
the associated silicates remain almost unaltered: 
such a rook is known as china-stone oi petunzite ; 
while a rock in whieh the felspar is entirely 
kaolinised is termed china’Clay rock or carclazite. 
It is fr^uently held that the simple action of 
meteoric waters, charged with carbonic and 
organic acids, is snfficient to explain the origin 
of kaolin; but though kaolinisation may un¬ 
doubtedly result from mere weathering, i^ seems 
that superficial action is incompetent to explain 
all observed phenomena. The change ap¬ 
pears rather to have been effected by means of 
solutions derived from deep-seated sources, cir¬ 
culating in the joints of the granite. It has 
often been pointed out that the decomposed 
granite is associated with minerals oontaining 
fluorine (like lepidolite) or fluorine and boron 
(like schorl). Von Bach in 1824, and Danbrde 
in 1841, suggested that the change has been due 
to hydrofluoric acid or other fluorides, which, 
acting upon the granite at an elevated tempera¬ 
ture, would decompose the felspar, removing its 
alkali as a fluoride. Cassiterite (SnOJ is a 
common associate of the kaolinised granite, and 
there is reason to. believe that this mineral has 
been produced by the agency of fluorine. 
Danbr^e succeeded in producing crystals of SnO, 
by passing the vapour of stannic chloride with 
steam through a heated porcelain-tube, the 
ehlorido having been used in place of the fluoride 
merely for convenience (v. Paubr^e's ttxtdes 
zynthit/iquu de Qiologie expirimentalet Paris, 
1879, where his rese'archea are presented in a 
collected form. For Cornish kaolin v, J. H. 
Collins, The Bensbarrow Oranite, Truro, 1878; 
and Mineralog. Mag. 7,205). 

Metamorphism.—k rock, whether of 
aqueous or of igneous origin, is said to be 
vutanufrphic when it has been altered not by 
aimospberio agencies but by some profounder 
influence which has so affected its structure 
and composition tb*atits original character is no 
longer to be recognised by direct observation. 
Thus the intrusion of igneous rock azqong 
sedimentary strata may give rise to changes 
known as contact metamorphism,. By such so- 
tioD an ordinary limestone may be converted 
into a crystalline marble—a phase of meta¬ 
morphism conveniently distinraished by A. Qei- 
kie as mannorosis. The pr(Muction of a sao- 
eharoldal marble from an amorphons limestone 
nnder the influence of beat and pressure was 
iillastrated by James Hall’s experiments in the 
eisrly part of this qentuiy. ^ 

the effects of contact metamorpbism are 
partly physical and partly chemical. To the 
former class may be referred not only the oiys- 
tallisation of limestone but the indnration and 
Sven fusion of various other rooks* and the de- 
Tslopment of prismatic stmotors Is the neigh- 


CHSMZSTET. 

bourhodd of the heated mass. Among ordinary 
ohemical effects may be noted the exp^sion of 
water, the reddening of a calcined ro<£ and the 
conversion of coal into a natural coke. But the 
most interesting phenomena are those attending 
the development of new minerals. Thus, a slate 
in the neighbourhood of an intrusive granite" 
frequently contains garnets, ohiastolite, and 
other crystallised siUcates; while metamorphic 
limestones ma;* inclose rock-crystal, garnets, 
idocrase, micas, and other minerals which ap¬ 
pear to have been produced by the rearrange¬ 
ment and crystallisation of the materials of the 
sand, clay, and other impurities originally pre¬ 
sent in the lifhestone. The ejected limestone 
blocks of Monte Somma, consisting originally 
of the Subapennine limestone, are rich in mine¬ 
rals of this cliaraoter, and have lately been spe¬ 
cially studied by J. H. Johnston-Lavis, of 
Naples, and by B. Mieriseb (Min, u. Pet. Mitt, 
[N. F.] 8,113 [1887].) 

When metamorphic rocks extend over a 
wide area and are not visibly associated with 
igneoutf rocks to which their alteration may be 
referred, they are said to be due to regional 
metamorphism. The agencies by which such 
phenomena have been produced are exceedingly 
obsonre, but while many of the changes are of a 
ohemical and molecular character, it is evident 
that molar forces have been operating on a 
large scale. Of late years it has been recog¬ 
nised that the mechanical movements of the 
'rocks have largely contributed to the production 
of the characteristio structures in those meta- 
morphio rooks known as the crystalline schists, 
not only producing deformation of the ^constitu¬ 
ent minerals, but indirectly causing the passage 
of one mineral into another. (On dynamic me¬ 
tamorphism V . J. Lehmann, Enstehung d . alt- 
krystallinischen Schiefer-Qesteine, Bonn, 1881; 
Teairs Brit. Petrog., 1888, cap. xiv.; Etudes 
sur Us schistes crystallins, Int. Geol. Congress, 
1868; A. Barker, B. A. 1885.845. For contact- 
metamorphism, V . Delesse’s Etudes sur U mita- 
morphisme des Boches. For the subject gener¬ 
ally consult Bonney’s address to Geol. Soo., 
Quart. Joum. Oeol. Soc., 42,55; and A. Irving, 
Bock-metamorphAsm, 1888.) 

Hydrothermal action.—-The effects of 
thermal metamorphic agencies, even 'In the 
neighbourhood of an igneous rock, are usually 
due, not so much to dry beat as to hydrothermal 
action- Although pure water at ordinary tem- 
peratnre and pressure is capable of slowly dis- 
Bolring'^ the common mineral-constituents of 
rocks (Bogers, Am. S. [2] 5, 401), its solvent 
action is vastly inoreasqd by the great heat and 
pressure to which it must be subjected in the 
^deeper-seated portions of the earth’s crust, where 
metamorphism probably has its normal seat. 
Such action is^well illustrated by the remark¬ 
able experiment of Daubrde. This observer 
found &ai when water was heated in strong 
> glass tubes inclosed in thick wrought-iron oylin* 
ders, and exposed uninterruptedly to a temj^ra- 
tore of at least 400*^0. for several weeks, the 
glass was transformed into a hydrated silicate, 
analc^us to a natural zeolite, while the interior 
of Ute tube became lined with a crust of small 
transparent crystals of quartz (Oiolog. expirim. ^ 
198). Id some cases the arfifloial crystals qf 
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qsarta linti the walls of the iabe like the qnariB 
in a natoral geode {ib. 166). 

The solTent action of water at great depths 
accounts for the peculiar composition of the 
water of geysers, under enormous pressure and 
at a high temperature these waters are capable 
of decomposing the volcanic rooks which they 
traverse and of dissolving out silica. Thus, 
,water from the Opal Spring in the Yellowstone 
National Park contained as much as 63*78 g. of 
silica to the imperial gallon (Leffmann). On 
the evaporation of such water the silica is de¬ 
posited in a hydrated form as a kind of*op^ or 
siliceous sinter, known as fiorite or geyserite 
{v. A. C. Peale, * Thermo-hydrology,’ in Twelfth 
Bep. U.8. Qeol. OTtd Oeog, Survey of the Terris 
tones, 2). . 

^ofom»fis(ifion.~Among cases of metamor* 
phism, that of the alteration of a normal lime¬ 
stone into dolomite has long been recognised 
and variously explained. Von Buoh and certain 
other German geologists, looking at the associa¬ 
tion of crystalline dolomite with basic igneous 
rooks in the Tyrol, held that these erupted masses 
had emitted vapours containing compounds of 
magnesium which had acted upon the neigh¬ 
bouring limestone, causing dolomitisation. In 
support of such a view it was pointed out by 
Durooher (0. B. 23, 64) that when fragments of 
limestone are heated with MgCl, in a closed 
vessel, the limestone is partially converted into 
dolomite. Such an action, however, if it occurs 
at all in nature, must be limited to the imme¬ 
diate neighbourhood of the heated body evolving 
the magnesian vapours. In order to explain 
the alteration of large masses of limestone it is 
simpler te invoke the agency of percolating 
water holding compounds of magnesium in solu¬ 
tion. Even where limestone has been dolomi- 
tised in contact with basalt, Bisohof contended 
(hat the change was due to the action of water 
containing MgCO, resulting from the decomposi¬ 
tion of the magnesian silicates in the igneous 
rook. 

When water containing carbonate of magne¬ 
sium peroolahjs through a limestone, the magne¬ 
sian salt tends to unite with part of the calcium 
carbonate so as to form a double salt, while 
CaGO| is at the same time dissolved out. For 
every molecule of CaCO, removed, a molecule 
of MgG5, is introduced, the change being accom¬ 
panied by a diminution of volume to the extent 
of 12 or 18 p.o. Now it is a remarkable fact 
that natural dolomites are frequently marked 
by a cellular or cavernous texture, and $lie de 
Beaumont long ago suggested that the eavitfes 
were due to shrinkage consequent on dolomitisa- 
tion. It is estimated that in many magnesian 
limestones the hollows represent about 12 p.o. 
of the bulk of the rock. The sulphate and 
ehloride of magnesium in sea-water may also 
transform limestone into dolomite, but according 
to Favre the action requires a temperature 
of 200^0. favoured by great pressure. (Fora 
good.review of the whole subject of dolomitisa¬ 
tion V* A. H. Green’s Qeology, 8rd ed. 1883. 408; 
alsoBoelter a. Hoemes, ‘ 0hdm.-Gen6t. Betraoht 
tL Dolomit,' in Jaht, d, h.-k. Qeol. Beiche, 1876. 
86, p. 208; with a fall bibliography to date.) 

MgOO) if not the only carbonate which hae 
bee& intro^oed into certain limestones by ssoon* 


dary processes. In some oases beJs of limestone 
have been more or less completely transformed 
into PeOO,—a change well illustrated on a large 
scale in the important deposits of Cleveland 
ironstone in the Middle Lias of N.E. Yorkshire. 
Sorby believes that this ore has been formed 
fyom an oolitic limestone by percolation of water 
containing bicarbqpate of iron in solution. Most 
of the fossil shells associated with the ore have 
suffered a like convemion, and in some cases the 
ferrous carbonate has been further changed into 
ferric hydrate (Proc. Qeol. and Polyt. Soc. W, 
Biding, 1856-7). 

Serpeniinisation .—The origin of serpentine 
has been a subject of much discussion, in which 
the geologist h^ had to appeal to the chemist 
By most modem petrographers it is regarded as 
an altered eruptive rook, having been derived 
mainly from olivine. Pseudomorphs of ser¬ 
pentine after olivine are familiar to the mine- 
ralogistf and an action similar to that which 
produced this alteration appears to have been 
concerned in the metamorphism of large rook- 
masses. This view has gained much credence 
of late years by the study of the microscopic 
structure of serpentine by Sandberger, Tscher- 
mak, Bonney, and other petrographers. Hydra¬ 
tion is effected by water gaining access to the 
olivine through the irregular fissures by which 
the mineral is usually traversed; and in the 
case of ferriferous olivines the iron is deposited 
in the form of magnetite and limenite (v. Teall, 
^Brit. Petrog., 1888, p. 104). 

While many serpentines suggest by their oc¬ 
currence as dykes and bosses that they have 
been derived from eruptive rocks, others occur 
in beds intercalated among crystalline schists, 
especially in association with limestone. It has 
been supposed that such serpentine may have 
resulted from the alteration of dolomite or some 
other magnesian rock of aqueous origin. Sterry 
Hunt, who is specially familiar with the serpent¬ 
ines of the Laurentian series of Canada, has 
always argued against the derivation of serpent¬ 
ine from igneous rocks, and regards it simply as 
a product of direct precipitation from natural 
waters. He holds that by the decomposition of 
the various crystalline silicates in nature, solotfle 
silicates of the alkalis and of lime are set free, 
and passing into streams are ultimately, mixed 
with waters rich in magnesium salts—such as 
the sulphate or chloride in sea-water—when 
double decomposition ensuea, and silicate of 
magnesium is precipitated in a gelatinous con¬ 
dition (TVans. i2. Soc. Canada, 1,165; Mineral 
Physiology, Boston, 1886, p. 427). 

Becent formation of winsrofs.—Ob¬ 
servations on the production of minerals under 
known conations in historic times are of much 
interest to Oie geological chemist, inasmuch as 
they suggest the presses which may have ope¬ 
rated in nature dunng geological time. Daubr4e 
long ago called attention to the prodaotion of a 
series of minerals apoe the Boman period at the 
liot springs of Flombidres in the Vosges. Aroondt 
these springs the Bomans had bmlt walls of 
concrete, consisting of brick and stonecemonted 
by mortar. By the action of tne waters at 50^ 
0. npon the concrete, there has been formed a 
series of minerals including ohabasits, hsrma- 
toma, msaotypa, and other saoUtes, associated 



with opal, ealofie, itc. Similar effects h«ve been Some interesting phenomena tending! 
observed at other Boman baths, as at Lnxeuil illustrate the or^n of certain mineral vein 
(Haute Sa6ne) and at Bourbonne-Ies-Bains have been studied in districts in California an* 
(Haute Marne) (v. QiohgU ExpirimntaU^ Nevada, where hydrothermal action is rife 
p. 179; and Percy’s Xtecturet on Chemical Geo- Hot water, steam, carbonic acid, sulphuretted 
logy in C. N. 9,100). hydrogen, and other gases escape from hssurei 

fl'eodss.—The production of certain minerals in volcanic rocks, and on the walls of thew 
at the Boman stations just cited recalls thd! tlssurcs they deposit siliceous sinter associatec 
natural formation of similar ^Bubstances in the with free sulphur, cinnabar, iron^pyrites, anc 
cavities of basaltic and other rocks. These other metalliletous minerals, including metallii 
cavities, though perhaps in some cases due to gold—the whole assemblage being suggestive oi 
the removal of pre-existing crystals by solution, the contents of certain veins (u. A. J. Phillips, 
usually represent bubbles produced by the dis- P. M. 1068. 321; Laur, Ann. d. Mines, 8, 423). 
engagement of gas or steam at a time when the Burooher and some other observers have 
igneous rock was in a plastic condition. The argued in favpur of many metallio minerals in 
minerals occurring in such cavities are of ' lodes having boon produced by sublimation. In 
secondary origin, having be'cn introduced ; Durocher’s experiments he succeeded in pro- 
through the medium of solutions permeating I ducing galena, ixon-pyrites, zinc-blende, and 
the rook long after solidification. When the other metallio sulphides by passing certain 
vesicles are filled with minctai matter the rock | vapours through glass tubes at a high tempora¬ 
ls said to be amygdnloidal ; if the cavities are | ture {G. B. 33, 823; 42, 850). 
not completely filled, and the walls are lined As an illustration of the production of thiq 
with crystals, they are termed geodes. The strings of metallic minerals by decomposition of 
most common of these secondary minerals are vapours, attention may bo called to the fre- 
oaloiteand silica, the latter frciiuently forming quont occurrence of specular iron ore sublimed 
agates. In an agate, regular layers of colloidal, in the crevices of lava, this mineral having ob- 
crypto-crystalline, and crystalline, silica, succeed viously been formed by the reaction of steam and 
each other with regularity. The exact manner ferric chloride: PCjClg + 3H,p*Fc,0, + 6HCl. 
in which the silica has been introduced, and (On the general subject of mineral veins, v. 
precipitated on the walls, has given rise to much J. A. Phillips, Ore Deposits, London, 1 ; Von 

discussion, but a clue is suggested by the ex- Cotta, Erzlagerstdtten, Preiberg, 18.‘»y [Trans- 
periments of Pankhurst and I’Anson on the lation by F. Prime, New York, 1870]; and Von 
artificial production of agates {Mineral Mag. Groddock, Leipzig, 1879.) 

V. 34). Chemistry of the Vofeano.—Thechemi- 

Origin of Mineral Feins.—The deposi- cal operations involved in volcanic phenomena 
tion of secondary minerals in the cavities of are extremely obscure. It is generally admitted 
rocks tends to throw light upon the formation that water is the prime factor in tl^ produo- 
of mineral veins, or lodes—a subject on which tion of these phcnoinoiia, and as the tompera- 
the geologist has frequently appealed to the ture prevailing at volcanic foci probably exceeds 
chemist. It is now generally held that these the critical point of water it must exist in the 
veins represent fissures filled in by deposition form of vapour, notwithstanding the enormous 
of mineral matter from a state of solution. The pressure to which it is subjected : possibly 
chief difficulty is to trace the metalliferous i the temperature is so high that the water is 
minerals to their origin. The most promising ' dissociated. Foaqu4 found in the lava of 
modem researches are those of Prof. Fridolin Santorin of 1876 a notable quantity of free 
Sandberger, of Wurzburg ((/nfcriiic/iuagicn. hydrogen co-cxisting with free oxygen. The 
Eregdnge, i. 1882; ii. 1885). By comparative volcanic vai)Our8 associated with steam are 
an&lyses of the ore, the veinstone, and the chictly HCl, SOj, CO.., free 0, H, and N, 
country rook, he has shown that the contents and sometimes NH, and CM,. The HCl may 
of the lode have been derived in certain cases be due to access of sea-water, most volcanoes 
from the neighbouring rocks, and that the ores : being situated on islands, or, if on the mainland, 
have probably obtained their metallic elements' near to the sea-coast. Bicciardi lias found that 
from the common constituents of the crystal- finely powdered granite and lava mixed with 
line rocks, which had not previously been sus- pure NaCl evolve flCl when lioated, the quan- 
pected to contain such metals. Analyses of tity b^ing increased by blowing in a current of 
ordinary rock-forming<. minerals, like mica, steam {GazzetlOt 16, 38). The sublimed pro- 
sugite, hornblende, and olivine, revealed the ducts of volcanic rocks include a large number 
presence in them of a large number of the i of metallio chlorides, notably those of NH^, Na, 
heavy metals. Nor is it only in the crystalline j Fe, Cu, Ga, and Mg. 

rocks that such metals occur, DicuLafait having' The SO, of volcanic exhalations has been 
shown that manyof them are widely distributed referred by Bfcciardi to the reaction of silica 
jo minute proportion throlTgh the stratified with CaSO« and MgHO„ whereby silicates are 
rooks. Such an occurrence is readily explicable produced, with separation of suiphar trioxide 
by the fact that most sedimentary strata have which is resolved into sulphur dioxide and 
^>een derived, directly or iifdirectly, from the*- oxygen. He found that granite mixed with the 
disintegration of .the older crystalline rocks, snlpbates cited above would evolve SO, when 
Thus it has been shown by A. Dick that heated. By the interaction of SO, and H,8 
minerals containing siroonium and titaninm free sulphur is produced and deposited as an 
axe iridely dittribntM t^oogb sands of tertiary inornstation on the lava. By oxidation, sol- 
age {Ntttunt 86,91), and Teal! has foond similar pburic acid is developed, and this by its action 
nuenili is varioos oligs {Min, Mag, 7* 201), on the voloanio rooks tends to decom|>oBe iheia, 
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with production of Tarious sulphates. Thus it 
comes about that alum is nfanufaotured in the 
crater of Vuloano, one of the Liparl Tslands, and 
at the Solfatara, near Naples. The term ‘ solfa- 
tara ’ is^ now used by geologists as a general 
designation for a volcano which is approaching 
extinction and emits only vapours. Long after 
other emanations cease» CO, may be exhaled, as 
in many localities in the Eifel and in Auvergne. 
Borio acid, in a finely-divided condition, is 
produced from the nearly exhausted crater of 
Vulcano, and from the mofette of Tuscany 
where it has long been utilised industrially. 
(On the general subject of volcanoes, v. Judd’s 
volume in the International Science Series.) 

Synthesis of^ Igneous *Bochs .— The 
artificial reproduction of piany igneous rocks 
has been successfnlly accomplished in recent 
vears by Fouqu6 and L6vy in the geological , 
laboratory of the College de France, in Paris. I 
(For a full description of these researches, v. 
their Synthise des Miniraux et des lioches, 
Paris, 18S2.) These observers have shown that 
a number of basic eruptive rooks can bo formed 
by the fusion of their constituents, and fiiat the 
products, examined in thin sections under the 
nicroscope, are identical in structure and com¬ 
position with the corresponding natural rocks, 
it had previously been supposed that water, in 
some form, played a conspicuous part in the 
iquefaotion of igneous rocks, and that this was in 
.act due not to dry fusion but rather to hydro* ‘ 
thermal action. The syntheses performed by 
Fouqu6 and L6vy controverted this view, inas¬ 
much as they were effected solely by dry igneous 
fusion, without the presence of water or any 
other voli^tile medium, and without fiuz or other 
chemical agent. 

Tho raw materials employed by these ex¬ 
perimentalists were either the component 
minerals of the rocks to be produced (such as 
felspar, augite, <ko.), or the chemical con¬ 
stituents of these minerals (silica, alumina, 
lime, (trc.). These materials, corresponding in 
their relative proportions with the composition 
of tho rock to be imitated, were introduced, in a 
pulverised condition, into a platinum crucible of 
about 20 c.c. capacity, furnished with a cover. 
The crucible was heated in a furnace of For- 
quignon and Lecloro’s type, heated by a Schld- 
sing blbw})ipo, whereby it could be rapidly 
raised to a white heat, or reduced at will to a 
lower temperature, and the heat maintained 
constant for a long period. Tho first fusion at 
a white heat always yielded an isotropic glass, 
and this if cooled suddenly maintained 4ts 
vitreous character. But if the fused product 
was kept for some time ^ a temperature below 
a white heat, yet above that of the melting- 
point of the glass, various crystalline products 
were developed; and by subjectii^ the material 
to successively diminishing temperatures, other 
products crystallised out, the least fusible being 
the first to separate. 

By a process of fractional crystallisation 
conducted in this way, Fouqu6 and L6vy imi- 
tated the conditions which appear to have 
obtained during the formation of voloanio rooks, 
where the crystallised constituents represent 
successive period of consolidation. Artificial | 
basalt was obtained by fusing a mixture of the | 
Voi.. n. 


element of olivine, augite, andlabradorite, and 
subjecting the resulting black glass to a bright 
red heat for 48 hours, when the olivine, which is 
the least fusible component, was found to be 
crystallised. Then on submitting the mass to 
a oherry-red heat for another 48 hours, the 
^ miorolitic crystals of the more fusible minerals 
'separated: these were tho lath-shaped crys¬ 
tals of plagiocl^se and augite, which may be 
regarded as minerals of the second period of 
consolidation. Some of the most remarkable 
. experiments were those on the so-called ophites. 

I These are doleritio rocks, in which the augite 
' forms comparatively large plates moolded 
around the crystals of plagioclase; the former 
I having evidently been of subsequent oonsolids- 
' tion to the lafc. By a succession of suitable 
' coolings and re-heatings this ophitio structure 
was perfectly imitated. 

Notwithstanding the remarkable success 
with vibich the basic igneous rocks have lately 
been imitated, all experiments on the synthe¬ 
tical formation of the acid rocks have hitherto 
been fruitless. The reproduction of these 
natural products forms one of the most interest¬ 
ing fields of investigation left open to the geo¬ 
logical chemist. F. W. B. 

GEOBETIC ACID C„H^O,. A waxy acid 
obtained from lignite found near Weissenfels. 
Extracted by 80 p.o. alcohol, and ppd. by 
Pb(OAo) 2 , the acid is liberated from the pp. by 
HOAo (Briickner, J. pr. 57,1). Small needles 
(from alcohol). Its solution gives a dirty-green 
pp. with cupric acetate. From similar lignite 
Briickner isolated resinous leuoopetria 
crystallising from alcohol in tufts of 
needles [above 100“]; geomyrioin 0,<11^,0, 
[c. 82*^] crystallising from alcohol in minute 
hair-like needles; geocerio acid CssHmO, 
[82“]; and geooerin CjgHigOj [80'’], Geooerin 
is a neutral wax. 

GEKANIENE C,^„. (163°), S.G. *2 .843. A 
terpene obtained by treating oil of geranium wi^ 
(0. Jacobsen, A, 157, ^39). By treatment 
with half the calculated quantity of iodine it is 
converted into cymene lOppenheim a. Pfaff, B. 
7, 625). Gives a liquid hydrochloride. • 

GEEANIOL C,(,H,gO. (233°). S.G.«-886. A 
compound occurring in oil of geranium (0. Jacob¬ 
son, A. 167, 232; Gintl, Ph. [3] 10, 24). Oil. 

! Inactive to light. Fragrant smell like roses. 

I Miscible with doohol and ether. With calcium 
oliloride at 50° it forms a ory'^talline compound 
(C, oH, ,0) jCaClj decomposed by water. Slowly oxi- 
dised by air. Potash|fusion forms isovaleric 
acid. Neutral aqueous KMnO^ forms acetic and 
isovaleric acids. Even boiling baryta-water slowly 
forms isovaleric acid. Chromic aoid mixture 
eforms also succinic aoid. HNO| forms nitro¬ 
benzene, HCy, oxalic acid, and a resin, but no 
camphoric acid. * 

Geranyl chloride G]^„G1. S.G. ^ 1'020. 
From geraniol and gaseous HCl. Inactive oil 
cmellrng like camj9hor. Alcoholic AgKO, ppts., 
6V(V in the cold ail the Cl as AgCl. ECfy, SCyS, 
£NO„ and other E salts displace the 01 by their 
aoid residues. * 

Geranyl bromide OiL 

Geranyl iodide 0,bH|4* Oil. From the 
^loride and cold alcoholic El. 
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Dl-gM-aayl‘(Mdd* (0,^„),0. (187'’-190'’)., 
From geranj'l chloride and potassium geraniol 
0,^„0K, Oil, smelling ot peppermint. 

Bl-geianyl snlpUde (0„H„)jS. From 
0,^1,Cl and aloohciio E^S. Heavy yellowish 
oU. With £^01, it gives a compound insoL 
alcohol. When heated it gives geraniene. 

&EEMAHIUM. Oe. At. 72*3. Mol. w. 
nnknowD, as Y.D. has not been determined, 
[c. 900®] (Winkler, /. pr. [2] 34, 177). S.G. 

8-469 (W., J.C.). S.H. 100''-4t0'’ -0737 to 
•0757 (W., J.C.). Sharpest lines in emission- 
Bpectrnm 6020, 6892, 4C84*5 (Kobb, W, A. 29, 
670). L. de Boisbaadran says that the charao- 
teristio lines are 4680 and 4226 (C. E. 102,1291). 

In 1886 a silver ore from th4 Hiinmelsfiirst 
mine, near Freiberg, was recognised by Kichter 
as a new mineral species; to it ho gave the 
name of argyrodite. The mineral was care- 
fully analysed by Winkler with the resist that 
the percentages of Ag, S, Hg, Fe, and Zn found 
added np to 93-94. After much labour, 
Winkler was able to announce that the rest of 
the mineral was composed of a new element, to 
which he gave the name germanium {B. 19,! 
210). Winkler was inclined to regard ger- j 
maniom as belonging to the Sb-Bi family, but 
fuller investigation showed it to be identical j 
with ekasUicon, the properties of which had | 
been foretold by Mendelejefif, and the position of' 
which had been indicated by him as group IV., i 
series 6. The reasoning which led Mendelcjeff j 
to his statement of the properties of ekasilicon ! 
was similar to that on which he based his pre- ' 
diction of the properties of eka-aluminium, 
wiUi which element gallium was found to be 
identical {v, Gilliou, Chemical relatione of, 
p. 598). 

Occurrenee.-^Qe forms about 6*9 p.c. of 
argy^ite. The composition of this minoral | 
is approximately expressed by the formula | 
2 Ag 2 S.OoS 3 ; it contains about *66 p.c. Fo, -22 ; 
p.c. Zn, and *31 p.c. Hg. Qe has also bc’cn ! 
found in evxeyiite to the extent of about 7 p.c. 
(Kriiss, B. 21,131). | 

Preyaraiion. —Powdered argyrodite is ' 

heated to moderate redness with calcined I 
Na,CO, and flowers of 8; the product is ox-1 
tracted with water, and exactly enough i 
H^OtAq is added to decompose the Na.^S. | 
After standing for a day the liquid is filtered,' 
and HClAq is added so long as a pp. forms. 
The liquid is saturated with H^S, and filtered; 
the pp. is washed with 90 p.c. alcohol saturated 
with ^8. The sulphide of Oe thus obtained is 
roasted at a low temperature and wanned with 
HNOtAq. The oxide thus produced is strongly 
heated, and then reduced, either by heating in 
H, or by making into small balls with starch 
and water, and heating to bright redness be* 
tween layers of charcoal, Tind then melting 
under borax (Winkler, [2] 34, 177). For 
another method v. Winkler, J. pr. [2] 36,177. 

Properties.—Greyish-white, lustrous, ve^i. 
brittle; melts st,c. 900®, and crystallises„in 
regular ootahedra on cooling. Only slightly 
volatilised by hbating in H or N at 1350® (V. 
Meyer, B. 20, 497). Unchtmged in air at 
ordini^ temperature, but oxidised when heated 
U state of powder. Dissolved by H 2 S 04 Aq bat 


I not by HOlAq. The atom of Ge Is tetnvaient 
I in the gaseous moleoules GeOli and Geli. 

I The at. w. has been determined by analysing 
GeCJ^, and determining the 7.D., and hence 
mol. w. of the same compound, and also Gel, 
and GeS (Winkler, J. pr. [2] 34, 177). The 
value 72*8 is confirmed by measurements of the 

5. H. of Ge at 100®-400®. Lecocq de Boisbaa¬ 
dran has also calculated the at. w. from obser¬ 
vations of the spectral lines of Ge (C. B. 102, 
1291). The diflerenoe between the mean wave¬ 
lengths of the characteristic lines of Ge ana 
Si is 443) and between Ge and 8n the difference 
is 624; this may be stated as 443 (14 *4051)» 
624. In the oases of Ga and A1 the difference 
is 149, and th*6 difference between Ga and In 
is 205; this may be, stated as 149 (14*38584) 
= 205. The diffei^ehce between the at. ws. of 
Ga and AI is 42*4, and the difference for 
Ga-In is 43*6; this may be stated as 42*4 
(1 + *028.302)=43*6. The difference between the 
at. ws. of Si and Sn is 90. From these data 
the number 72*31 is found for the at. w. of Ge, 
assuming that the relation between variation of 
at. ws. and wave-lengths in the three elements 
Si, Ge, Sn is the same as in the throe elements 
Al, Ga, In (t>. Gallium, Chemical lielations of, 
p. 698). 

Germanium belongs to the same family as 
Si, Sn, and Pb; these four elements form tlie 
odd-series members of Group IV. Ge is both 
metallic and non-metallio in its chemical re¬ 
lations. The oxide GeO, dissolves in acids, but 
no salts have yet been isolated; this oxide also 
dissolves in KOH and K^CO, when fused with 
those salts, and probably forms germanates 
analogous to the stannates; OeS^ also^dissolvcs 
in alkaline hydrosulphides probably forming 
thiogermanates. The existence of the two 
oxides and sulphides GeO and GeO^, GeS and 
GeS^: the composition and properties of GeCl„ 
Gel,, and GeF,; the formation of liquid GoHCI, 
analogous to SiHCl, and GHClg, and of liquid 
GeiCjHj), similar to Si( 02 H.,) 4 ; and the iso¬ 
lation of H,GeF^ and salts of this acid; these 
mark the similarity between Ge and Si. Ge 
also appears to be capable of replacing Si in 
ultraraurino. 

Reactioyis. —1. Powdered Ge heated in air 
burns to GeO.y—2. Oxidised to GcO^ by nitric 
acid.—3. Dissolves in sulphwic acid, kut not 
in hydrochloiic acid.- 4. Combines directly with 
chlorine, bromine, and iodine, to form GeX).— 

6. Heated in a current of hydrogen chloride 
GellCL is formed.—6. Heated with mercuric 
chlori^ or bromide GeCl, or GeBr^ is produced. 

Detection and Estimation.—"the most cha¬ 
racteristic reaction of Ge compounds is the pro¬ 
duction of white GeSa by saturating an alktdine 
solution with NH,HS. and then adding excess of 
a mineral ac^. In estimating Ge, excess of 
NH,HS is added to an alkaline solution, a large 
excess of dilute H 3 S 04 Aq is then added, and the 
liquid is saturated with H^S; after standing 12 
hours the p^. GeS, is collected, and washed 
with dilute £^S 04 Aq saturated with H^S; the 
pp. is then washed off the filter, the residue on 
the filter is dissolved in ammonia, and this solu¬ 
tion, together with the water used in washing 
off the pp., is evaporated to dryness in a weighed 
porcelain crucible, the main portion of the pp. 
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it now placed in the orooible, and libe whole it 
evaporated to remove adhering HjSO^; the resi- 
dne it heated, nitric acid it added, and the 
whole it again evaporated and heated strongly; 
the residue is now digested with ammonia (to 
remove H,S 04 ), then dried, heated strongly, and 
weighed as OeOj. If the Ge is obtained as a 
thio salt, along with thio salts of Sb, As, and ; 
Sn, the solution is diluted to a definite volume, j 
a measured portion is boiled with excess of | 
normal HgSO^Aq, and the residual H 3 SO 4 is | 
determined volumetrically; the quantity of ; 
H^SO^ required to neutralise the solutiofl is thus 
determined; the proper quantity of HjSO^ is 
then added to another measured 4 >ortion of the 
liquid, and, after standing 12 hours, the liquid 
is filtered and evaporated to a small volume; 
NHjAq and NH^HS are addftd, then excess of 
HoSO^Aq, and the Ge is ppd. as GeSj by satu* 
rating with HjS (o. supra). 

Germanium bromide GeBr*. A strongly 
faming colourless liquid, which solidifies a little 
below 0° to white crystals; decomposed by water 
with ppn. of GcO, and production of much heat. 
Formed by heating Ge in Br, or with HgBr, 
(Winkler, J.pr. [2] 36.177). 

Germanium chloride GeCl^. Mol. w. 213*78. 
( 86 ®). V.D. 107*5 at 200® to 0 .660® (Nilson a. 
Petter8S0n,2.P.C.1.27). S.G.Jf 1-887. Criti. 
cal temp.-276-9'’ (N. a. P.) (vapour-pressntea, 
». N. a. P., I.C.). A thin colourlesB liquid, fuming 
in air; decomposed by water to GeOj; partially 
reduced to Ge by beating in H. Formed by heat¬ 
ing Go in Cl, shaking the product with Hg and 
distilling; or by beating powdered Go with 8 
times its .weight of HgClj (W., jpr. [ 2 j 34, 
177). 

When HCl is passed over heated GeS, a 
chloride lower than GeOl. is probably obtainod. 

Oermaniam cbioroforis GcHCls- Mol. w. 
179-41. V.D. at 178“ 80-S. A thin colourless 
liquid, boiling at 72°: formed by gently heating 
Ge in dry HCl, and separating the heavier liquid 
from the lighter (separation of the distillate 
into two layers takes place slowly) (W.,/.pr. [ 2 ] 
36,177). 

Germanium otbide QelC^HJi* Mol. w. 
188-06. V.D.128. A colourless liquid of slightly 
alliaceous odour; boiling at 160“. Prepared by 
mixing SnKt. with GeCl„ and keeping the mix- 
turooold,aathereactionoccurBviolently. Slightly 
lighter than, and immiseiblo with, water. Un¬ 
changed by mixture with oxygen at ordinary 
temperatures. Burns in air to GeOj {W.,.l.c.). 

Germanium fluorhydrio acid HjGeFjiq. 
When vapour of GoF, (obtained by strongly 
heating GeF,.8^0) is lei into water, the solu¬ 
tion contains the aoid HjGeF, 

Potassium oBBMANiO'VnuoRinB K,GeF, (W., 
1 . 0 .; also Exilss a. Nilson, B. 2(^1696). Ob¬ 
tained by adding KHFj to a solution of GeOj in 
HFAq (N. a.^, or by using KOI instead of 
KHF, (W.), allowing the pp. to settle, filtering, 
and drying at dull red heat. According to 
N. a. P. the salt is melted without loss of weight 
at bright redness; and according to W. the s^t 
loses weight above a red heat. Not hygroscopic. 
S. at 100® - 2*6 (N. a. P.). Crystallises in hexa¬ 
gonal forma; a:c-l:*80889; isomorphous with 
(NHJ,SiF,(N.a.P.). 


m 

Germanium fluoride GeF^.SHjO. Very deli¬ 
quescent crystals, obtained by dissolving GeOj in 
cone. HPAq, and evaporating over H^SO^. When 
heated, HF and H.^0 are evolvod, and some GeO, 
is formed; heated to redness GeF, is evolved, 
and about half the Ge remains as GeOj. Pure 
.GeFf has not yet been obtained; Winkler 
{J. pr. [2] 36,177) tried to prepare it, (1) by the 
action of H on heated K^GeFs; ( 2 ) by heating 
GeF^.BHjO in dry CO,; ( 8 ) by heating together 
GeO,, CaF„ and H^SOg; (4) heating a mixture 
of ^GeF, with HjSO^. GeF, is doubtless a 
solid capable of being volatilised (W.). 

Germanium iodide Gel^. Mol. w. 578*42. 
[144®]. (350®-400®) (W., J. pr. [2] 34, 177). 
V.D. at440® 27^*5 (Nilson a. Pettersson, 2. P. C. 

1, 36). Dissociation, probably into Gel, and 1, 
begins c. 660®. A yellow, very hygroscopic solid, 
vapour is inflammable; mixed with air and 
ignited, detonates feebl/. Produced by heating 
Ge in ft current of CO, containing I vapour. 

Germanium oxides. GeO has probably been 
isolated. GeO, is a well-marked body. 

Germanic oxide GeO,. Produced by burning 
Ge in 0; or by oxidising Ge by HNO,; or pre¬ 
ferably by decomposing GeCl* by water. Dense 
white gritty solid; S.G. J-p 4'703. S. at 20° = '4; 
at 100® = 1*06 (W., J. pr. [2] 34,177). _ Separates 
from solution in water as microscopic rhombic 
crystals. Aqueous solution has a soar taste. 
GeO, dissolves readily in fused KOH and K 3 CO,. 
Probably forms salts with acids, but none has 
^yet been isolated. 

Gebmanious oxide GdO. Described by 
Winkler as obtained by boiling GeCl, with 
KOHAq, and heating the hydroxide (probably 
GeO,!!,) thus formed in CO,; but there are 
doubts ac to the isolation of GeCI,, inasmuch as 
the substance formerly supposed to be this chlor¬ 
ide has been shown to be GeHCl, (W., 7. pr. [2] 
36,177). GeO is also formed in small quantity 
when powdered Ge is melted under borax. GeO 
is described as a greyish-black solid; e. sol. 
HClAq, forming a solution which reduces 
KMnO^Aq to K,Mn 04 Aq and ppts. Au and Hg 
from their salts. 

Germanium oxychloride (?) GeOCl^ When 
Ge is heated in dry HCl, two liquids of almost 
the same S.G. are obtained. The distillate 
slowly separates into two layers; the lighter is 
an oxychloride, probably GeOOly Winkler 
{J. pr. [2] 36,177) describes jt as a oolourless, 
oily, non-fuming Liquid, which adheres to glass, 
and boils much above 100 ®, seemingly without 
decomposition. • 

Germanium, salts of. GeO, probably forms 
salts by dissolving in acids, but none has yet 
been isolated. 

* Germanium sulphides. Both GeS and GeS| 
have been isolated.* 

Gebmanio sulphide GeSy Obtained by 
adding NH4HS to an alkaline solution of GeO|^ 
then adding considerable excess of ^ 804 Aq, 
flaturating with HjS, washing first with 
satirated with H,S and then with alcohol, and 
drying in vacuo. A white powder. Heated in 
dry CO, it is partly volatilised, and apparently 
also partially decomposed. If QeS. i» washfiu 
with water until free from aoid, ana then sus¬ 
pended in water, an emulsion is formed whhdt 
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germanium. 


roquijfes Mveral weeks to clear. About 1 part of I an extremely bitter and nauseous taste. Azunsal 
the sulphide treated thus disaoWes in 229-1 parts | charcoal removes glauoopicrine from solutions 
water; the solution is feebly acid to litmus; it j of its salts. Sot oono. H 3 S 0 « gives a dark green 
soon decomposes with evolution of H,S. (JeS, ^ ^ *■’ ■* 

dissolves easily in alkaline hydrosulphides, pro¬ 
bably with formation of thiogermanates. 

Germanioub 8tJi.PHrDK GeS. Moh w. 104*28., 

V.D. 1100^-1500®-48 (NilsQU a. Pettersson, 

Z, P. 0. 1, 37). Greyish-black plates; very 
Instrous; red by transmitted light. Obtained 
by heating GeS, in a slow current of EL Heated 
in air gives GeO,. Dissolves easily in wMin 


pitchy product, insol. water, acids, and ammonia, 
Thehydroohloridecrystallises inrhomboidal 
plates or in bundles of prisms, sol. water, insol. 
ether. The sulphate and phosphate ara 
also orystallisable. 

GIIABIN V . PBOTs'iPB. 

OIOBIN V . H/emoolobin and Protbids. 

GLOBBLABIK GijHjoOt,. Occurs in the leaves 
I of Globularia Alypum (Walz, N» J» P. 13,281; 


EOEEAg, giving residue of Ge; addition of HjS ' Heckel,' A. Ch. [5] 28, 72; 0. R* 96, 90)i 
to this solution ppts. GeS as a reddish-brown Amorphous; sol. water, alcohol, and ether, 
smoi-phous solid. M. M. P. M. 'lastes bitter. Acid in reaction. Ppd. from its 

GINGEROI. An alkaline substance said to aqueous solution by iodine and by tannin. Re- 
occur in ginger, the root of Zingiber officinalis , solved by boiling dilute acids into glucose and 
(Thresh, Ph. [3] 12,721). According to Thresh, globularotin CpHyO: Globularetin is converted 
the ethereal extract contains, besides gingerol, I iuto_cinn^i_c_aoid_by boiling KOHAq. 
three resins OjgHj^O,, and 

and a terpene. By extracting gipgerf with 
alcohol, and distilling the extract with steam, 

Stenbouse and Groves (C. 31, 563; cf. . 

Papousek, A. 84, 852) obtained a light essential , 
oil which yielded protocatcchuic acid on fusion 
with soda. 

GIBGKOIC ACID [35°]. Occurs m , 

the fruit of Oingko biloba (Schwarzenbach, /. 

1857, 629; Vicrt.pr. Pharm. 0, 424). 

GLASS. A mixture of K or Na silicate, or of 
ooth, with one or more silicates insol. water, 
such as silicate of Al, Ba, Ca, Fe, Pb, Mn, Mg, 
or Sr. Pure silicate of K or Na is acted on by 
water; silicate of Ca is decomposed by acids; 
but a mixture of the two is only very slowly 
acted on by water or the commoner acids. The 
greater the proportion of silica and alumina in 


GLOBULIN V . Proteids. 

GLOBTJLOSE v. Pboteids. 

GLUCIC ACID C„H„0„aq. (11.); 

(M.). Qlycic acid. 

Forpiation. —1. A solution of glucose is 
saturated with lime or baryta and left for several 
weeks. On adding lead subacetate a bulky pp. 
of lead gluoate is formed (Peligot, A. Ch. 07, 
; 154).—2. Glucose melted at 100° in its water of 
'i crystallisation is mixed with warm cone. KOHAq; 

soon as the first reaction has ceased the 
liquid is diluted and the glucioacid ppd. bv lead 
subacetate (Petsoz).—3. Cane-sugar is boiled 
..with dilute H^SO, in contact with the air. The 
product is filtered, neutralised by CaCO*, evapo¬ 
rated to dryness, dissolved in a little water, and 
mixed with alcohol which ppts. calcium apo- 
glucate while acid calcium glucate remains in 


the glass, the less fusible is it, and the more solution (Mulder, A. 36, 243). 
slowly is it acted on by acids. Properties.—Amorphous mass, v. sol. water 

Glass is slowly acted on by hot water; the and alcohol. Turns brown at 100°. The aque- 
more readily the greater the proportion of soda ous solution turns brown when boiled in contact 


or potash in tiie glass. Glass is corroded or 
etdhed by EDFAq with formation of gaseous SibV 
Glasses poor in silica are acted on by most acids, 
whiidi mssolve out bases and separate silica. 
Potash or soda dissolves out silica from glass, 
especially when the solutions arc hot and con- 
Sntrated. Lead glass is blackened by heating 
owing to reduction of some of the Pb silicate to 
Pb. For details regarding different kinds of 
fflass. V. Dictionary or technical chemistry. 

M.M.P.M. 

OLAUCIHB. An alkaloid obtained by Probst 
(4. 81, 241) from the leaves of the yellow horned 
poppy {GloAidum/iavum) growing on sandy sea- 


Ith the air or with dilute H^jSO^ or HClAq, 
ui>ogluoic acid being among the products. Ac¬ 
cording to Grote and Tollens (4.176,181) the 
c::lcium glucate of Mulder ia calcium levulata 
C,H,CaO,. 

Salts.—(Reichardt, Viertcljahr. pr. Pharm, 
19, 384, 503.)-Na,HX"*; [100°]; hygroscopic. 
—CaH 4 A"'jaq.—BSaH,A''',8aq. — BaH<A'"jaq: 
very hygroscopic.—MgHA", aq. — AlA"': yel¬ 
lowish-white mass. — Fe,H,A'" 3 caq. — 
(at 160°). 

Apogiuoio acid GigHjjOn (dried at 100°) 7 
l‘'ormed by boiling glucic acid with water or dilute 
aqids wr cane-sugar with dilute H^SO^ (Mulder). 


shores.' Cotourieas erdsts of nacreous scales i Amorphous brown mass, v. sol. water, s). sol 
(from wat^. It is ppd. from solutions of its alcohol, insol. ether. Its alkaline salts form 
ulis by NEl, as a curdy mass which after some | Jeep red Bolutions.--PbO„H,808.—AgjOjgHjgO,,: 
time becomes pitchy. It is m. sol. hot water, v.^ brown.—CaC,gH,gO,g (at 180°); brown amorph- 
sol. alcohol and ether. Tastes bitter. Its solu-j 
tion is alkaline in reaction. (Hot ELSO. gives a , 


violet colour; on adding water a red solution is 
formed, whence NH, throws down an indigo- 
blue pp. The hydrochloride, sulphatOt 
"and phosphate of glaucine are crystalline,and 
V. Bol. water and Alcohol, insol. ether. ^ 

OLATrCOXSLANIC ACID v. Ellaoic acid. 

GLAUOOPICEIHE. An alkaloid contained 
in the root# of Qlauciim flavum {sive luteum) 
(Probst, 4. 81, 254). Granular crystals, soL 
water and ^oohol, si. sol. ether. Its salts have 


ous mass. 

Isoapoglubic acid. Formed by heating ace- 
tone with chlorine, potash, and HClsucoessive’y 
(Mulder, Z. 1868, 61).-PbOH,0^. 

GLUCINUH V . Beryllium. 
GLUOO-COtrUABlC ALDEHYDE V. Ghieosidt 

at COUMARIO ALDEHYDE. 

GL0CODEUPOBE 0„H,gO,a. The chief con- 
stituent of concretions in peats (Erdmann, 4. 
138,1). Pale-yellowish grains. Insol. ordi nary 
Bolventi, alkalis, cold dilute adds, and 
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Schweizer’B lolation. Split up by boiling dilute 
tocidfl into glucose and druposo 

GLUCOFEBTJLIC ALBEHTPiS v. i'jinuuc 
ALUBHTDa. 

GBUCOIIGKOSE OaoII^Oj, ? Occurs in pine 
wood (Erdmann, A. Supi)l. 5, 223). Yellowish 
solid, insoL ordinary solvents, v. si. sol. 
Sohweizer*s solution. Split up by boilin,^ dilute 
• HOI into glucose and lignoae ? (v. 

OELIiUnOSE). 

GLUCONIC ACID i.e. 

CH,(OH).(CH.OH)..CO,H. Wd-s-s®., 

J’orwMifion,—1. From glucose, cane-sugar, 
maltose, starch, soluble starch, and dextrin by 
successive treatment with bromine (or chlorine) 
and Ag^O (Hlasiwetz a. Habermann, ^.155,120; 
Habermann, B. 5, 107; J02, 297 ; 172,11; 

, Keiohardt, B. 8, 1020; Kiliani, A. 205, 182; 
Eerzield, A. 220, 342).--2. By oxidising glucose I 
with red mercuric oxide and baryta-water (Herz- 
fold, A. 245, 32).—3. By tho fermentation of 
glucose by mycoderma aceti in presence of 
CsCO, and an infusion of yeast (Boutroux, J. Th. 
1880, 62). 

Frejiaration.—l, Dextrin (30 g.) is heated 
in a closed vessel with bromine (GO g.) and water 
(GOO c.c.) for G hours at 100®. The product in 
neutralised with AgP, filtered, fiecdfrom silver 
by HjS, and evaporated over the water-bath 
(Hurzfeld, A. 220,342).—2. An aqueous solution 
of cane-sugar is treated with bromine until the 
Br ceases to disappear. The HBr formed is re»^ 
moved by PbO, the solution is then ppd. by lIjS, 
and the filtrate after concentration saturated 
with ZnCO,. The zinc-salt is subsequently de- 
composed^by HjS (Grioshammer, Ar. P}i [3J 15, 
193). 

y-'ro 2 ;c?^ics.—Uncrystallisablc syrup (contain¬ 
ing 2aq); loses oq at 100®, and the sueoml aq .it 
125®. Sol. water, insol. alcohol. Docs not re¬ 
duce Fehling’s solution, DecompOLOil by alka¬ 
line hydroxides, alkaline carbonates, baryta, and 
lime. 

Hcactions.—l. Reduced by III and plius- 
phorus to tho lactene of oxy-ii-hexoic acid 
(Kiliani a. Klccmann, li. 17, 129G).- -2. Pro- 
tracted treatment with bromine fonns bromo- 
form, bromo-acetic acid, and oxalic acid, - 3, 
Ag-^O forms glycollic acid.—4. HNOg (S.G. 1’4) 
oxidise# it to saccharic and oxalic acids. 

Salts. — Ammonium salt: crystalline 
(Boutroux, G. R. 91, 230; 104, 300). CaA'.nq 
(from dilute alcohol). [aJn'^S'O. S. (of CaA'.J 
3-8 at 16’5®,—CaA'i 2aq: groups of slender 
needles.—CaC«H,„0; xaq. — BoA', 8aq: prisms. 
S. (of BaA',) 3*3 at 16'5®.—BaA'., 2aq.—BaA', aq. 
—BaC,H„0,aaq.-- ZnA'jpaq.-CdA',.—PbA'.,.- 
PbAH,0, (at 120®). 

Ethyl etherMK'. Obtained in combina¬ 
tion with CaCL as (EtA'),CaCljb'| passing HOI 
into an alcoholic solution of the calcium salt. 
The free ether crystallises in needles. 

Penta-aceiyl derivative of the ethyl 
ether 0»He(OAo)».CO.;Bt. [102®] (Hcrzfold, A. 
245, 82). 

Pgia-gluoonio acid ObHj A* , 

Prcparation>—~li gluconic acid is left in con¬ 
tact with nitric acid (S.G. 1*8) for some time, 
and the solution neutralised with alkaline car¬ 
bonates, salts of an isomeric paragluconio acid 
are obtained, and .:an be separated from the me¬ 


tallic nitrate by alcohol. The free acid is a colour¬ 
less syrup, of strong add reaction, sol. water, 
insol. alcohol (Honig, M. 1, 48). The alkaline 
earth salts of this acid cannot be obtained in a 
crystalline form, thus differing from those of 
gluconic acid. According to Yolpert [B. 19, 2C21) 
*it is identical with gluconic acid. 

Salts.—KA'^at 100®): crystalline leaflets.— 
NIX,A' (at 100®): colourless monoclinio needles. 
—Pb,C,H,OT: voluminous white pp. 

GLTJCO-PROTEINS V. PaoTiiins. 

GLUCOSAMINE n. Pkoteids ; Appendix 0» 

GLUCOSAN V. Sugars. 

GLUCOSE V. Sugars. 

GLUCOSIDES. Substances which, when de¬ 
composed by (filute acids, yield glucose (or some 
other sugar) and another substance not belong¬ 
ing to the class of carbohydrates (Laurent, 
A. Ch. [3] 30, 330). They are for tho most part 
naturtj products occurring in plants. They may 
be viewed as compound ethers containing the 
group (CfiHiiOj), which is turned out on hydro¬ 
lysis RC,H „04 + H,,0 = RH + OaH,,,0,. Some glu- 
cosides may be obtained artificially by the use of 
acetochlorhydrose C^HjClAc^O,: thus helicin is 
formed by tlie action of this body upon potassium 
salicylic aldehyde (Michael,Am. 1,308). Inasmuch 
as many sugars may be converted into glucose 
by boiling with dilute acids, the appearance of 
glucose after this operation does not necessarily 
invoKe the pre-existence of the residue of that 
' particular sugar in the glucoside. Tho hydro- 
! lysis may be effected by boiling with dilute HCl, 
dilute HnSO^, baryta-water, or dilute alkalis. 

' Some nitrogenous ferments, frequently existing 
in tho plants themselves, can effect the hydro¬ 
lysis even in the cold; e.g, omulsin in almonds, 
myrosin in mustard, and erythrozym in madder. 
Tho glucosides are solid, soluble in water, and 
usually crystalline. They give Pettenkofer’s reac¬ 
tion with bile salts and H ,SO,. The followng are 
among the more important glucosides that yield 
glucose when boiled with dilute acids: arbutin, 

, ruberythrin, salicin, daphnin, ffisoulin, jalapin, 
hcilcliorin, turpethin, populin, bryonin, ouonin, 

: and the nitrogenous glucosides amygdalin, sol* 
i anin, indican, aadchitin. The following phloto- 
i giucidos resemble glucosides but yield phloro- 
1 glucin instead of glucose on hydrolysis : 
phloii'tin, quercetin, and madurin. The fol¬ 
lowing ‘phloroglucosides* yield both phloro- 
glucin and a sugar: pblorizin,^uercitrin,robmin, 
and rutin. 

(a)-GLUC08INE C,H,N|. (136®). S.G.21'038. 
V.D. 3*81. A body formed by heating aqueous 
ammonia with glucose at 100° (Tonret, Bl. [2] 
44, 102). Limpid volatile liquid. Inactive to 
ligjit. -B'HCl: very deliquescent crystals.— 
•B'Mtl: pearly crystals. 

(^).Glucosine (160°). S.G. 2 1'012. 

V.D. 3-87. Forme* by the action of ammonia 
on glucose at the same time as its isomeride 
(Tanrct, Bl [2] 44.101). Liquid. The platino- 
•chlorides of the t#o glucosines are pertiaDy de^ 
composed by boiling water (0. de Coninck, Bl 
[2] 45,131). _ 

GLUTACONIC ACID CO^.CEf,.OH:OH.CO^ 
[132°]. (Isomeric with oitraoonio acid.) From 
di-carboxy-glutaconio ether (g. v.) and boiling 
HOI fConr^ a. Guthzeit, A. 222, 253). White 
prisms. V. sol. water, alcohol, and etoer. Not 
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decomposed below 180®. Gives no colour with 
FeCl,. Sodium amalgam reduces it to glutario 
acid. 

SaltB.-ZDA".-Ag^\ 

Bc/erence.—CuLOEO-oLDTACONio Aon>. 

GLUTAUIO AOIB O^H^NO, t.a. 
C,Hj(NHJ(CX),H)y [202®]. S. 1 at 16®; S. (80 
p.c. wooholj *07 at 16®. Oodurs, probably as 
its amide, in pumpkin seeds (Schulze a. Bar* 
bieri, B, 11, 710, 1233), vetch seeds (Gorup- 
Besanez, B. 10, 780) and beet-root juice 
(Scheibler, B, 2, 296; Schulze, B. 10, 86; 16, 
312). It may be isolated from molasses after 
the sugar has been removed by the strontium 
process (Scheibler, B. 17, 1726). Formed, to¬ 
gether with aspartic acid, by billing vegetable 
protelds with dilute HjSO^ (Kitthausen, J. pr. 
99, 464; 107, 218). Formed also by boiling 
casein with HCl and SnOl, (Hlasiwetz a. Haber- 
mann, A. 169,167). Among the product? of the 
decomposition of proteids by baryta Schiitzen- 
berger {A. Ch. [6J 16, 876) found an acid 
C 4 H„N 04 [160®] which formed two silver salts 
AgHA" and Ag^A", apparently not to be identified 
with glutamic acid. 

Preparation—The portion of wheat gluten 
that is soluble in alcohol (mucelin) is boiled for 
20 hours with H^SO^ (2^ pt9.) diluted with water 
(6^pts.); the product is neutralised by lime; 
excess of lime is removed by oxalic acid; excess 
of oxalic acid by lead carbonate; and excess of 
lead by EtjS. The strongly acid liquid yields by 
evaporation a crystalline mixture of tyrosine, 
leucine, and glutamic acid, from which, by treat¬ 
ment with hot water (which leaves the tyrosine 
undissolved), and then with alcohol of 30 p.c. 
(which chiefly dissolves the leucine), and re- 
crystallisation from water with addition of 
animal charcoal, and from alcohol of 30 p.c., 
the glutamic acid is obtained pure. 

Properties. — Trimetnc tetrahedra; a:b:c 
= •801:1:1-179 (Von Bath); =-687:*866:1 
(Oebbeke). 81. sol. cqld water, insol. alcohol. Its 
solutions are acid, and have an astringent taste. 
In aqueous solution it is dextrorotatory, 
[a]|,<Kl0'2 in a 2 p.c. solution at 21®. A solution 
ofits hydrochloride B'HCl is also dextrorotatory, 
[a]n«20® in a 4 p.o. solution at 21®; but its 
neutral salts are lievorotatory, thus for CaA" 
[a]B«-3*7® in a 6 p.c. solution at 22®. Its 
solntion is not ppd. by lead acetate even on 
addition of ammqpia. Glutamic acid does not 
reduce Fehling’s solution. On distillation it 
gives pyroglutamio acid C}H,NO|, and afterwards 
pyrrole. • 

Reactions. —1. Nitrotis acid converts it into 
an inactive oxy-glntario acid.—2. Baryta-water 
at 166® renders it inactive; but when some 
PenicUliwn glaucum is placed in a solution oi 
the inactive glutamic acid it again becomes 
active (Schulze a. Bosshard*, B. 18, 386). The 
inactive acid is m. sol. water (S. 1*7 at 17®). 

SaltB.->The glutamates of the alkalis and 
alkaline earths are v. sol. water and alcohol, and 
dry up to gumn^ masses; the oopper salt is 
characteristic and very sparingly soluble.— 
HNaA". — (NH:;)^".—KH^HA".—BaHjA"^— 
BaA"8aq: groups of needles.—ChLA''2^aq: 8, 
•08 in the cold; *26 at 100® (Hofmeister, Sits. W. 
76, 469).—CoA''2aq: blue crystalline powder 
(Bruize a. Brashard, B. 818).—OuA" 8iq*— 


Ag^" (at 100®).-H^"HC1 (at 100®): triolinio 
tables; si. sol. cone. HClAq. HjA'^HBr. 

Mono-ethyl ether EtllA". [166®]. Crys¬ 
talline, V. sol. water, si. sol. cold alcohol, insol. 
ether. Alcoholic ammonia at 160® converts it 
into glutimide. 

Amide OjHioNjOj i.e. 

0 ,H 4 (NHa)(COgH)(OO.NH,). 8 .4 at 16®. Occurs 
in the juice of rm beet-root, from which it is ‘ 
isolated by precipitation with Hg(N 03 )^ (Schulze 
a. Bosshard, B. 16, 312). Occurs also in pump¬ 
kin-seeds (Schulze a. Barbieri, J.pr. [2] 20,388; 
82, 467). Slender white needles; v. sol. hot 
water; insol..absolute alcohol. Its aqueous 
solution is inactive, but its solution in dilute 
£[2804 or oxalic acid is dextrorotatory. Heated 
with acids or alkal'S it gives glutamic acid. 

Imide OA(NHj)<qq>NH. Formed by 

heating ammonium glutamate for five hours at 
190°. Needles. S. 8-7 at 16-6°.-C.H.NAHCl. 

-C.H4gNA- 

6LTJTAKI0 ACID v. Oxt-oluiaeio ion>. 
O10TAKIC ACID C.HsO, i.e. 
COjH.CH 2 .CHj.OHj.CO,H. Normal pjrolartaria 
acid. Deoxyqlutanic acid. Mol. w. 182. [98°]. 
( 0 . 300°). s'. 83 at 14°. S.H. (0°-94°) '3401 
(Hess, W. [2] 35, 410). Occurs as the K salt 
in the grease of sheep’s wool (Buisine, C. 11. 
107, 789). 

Formation.—!. By heating oxy-glntario acid 
(1 pt.) with cono. HIAq (4 pts.) at 120° for 8 
hours (Dittmar, J. pr. [2] 6 , 338) —2. By the 
saponification of trimethyleno cyanide prepared 
from trimethylene bromide and alcc^olic KCy 
(Lermontoff, B. 9, 1441; Keboul, Bl. [2] 25, 
386 ; MarkownikoS, A. 182, 341). —3. From 
a-acetyl-glutaric ether (g.u.) and cone, aloobolio 
KOH (Wieiicenua a. Limpach, A. 192,128).— 

4. By heating menthol with HNO, (20 vols.) 
(Moriya, C.J. 39, 78).- 6 . By treating glutaoonio 
acid with sodium amalgam (Conrad a. Outhzeit, 
A. 222, 254). — 6 . By heating propane tetra- 
carboxylic acid to 180° (Kleber, A. 246, 110).— 

7. By boiling di-oxy-propano tri-carboxylio acid 
with HIAq and phosphorus (Kiliani, B. 18,640). 

8 . Among the products of the oxidation of 
myristic acid by HNOg (NoerdIinger,B. 19,1898), 

Properties.—Largo transparent mmoclinio 
prisms. V. e. sol. water, alcohol and ether. 
Wlien heated with bromine and water at 120 ° 
some di-bromo-sucoinio acid is formed (E. Bour- 
goin a. Beboul, C. B. 84, 556). 

Silts.—NH,HA": ooncentrio crystals.— 
(NHM".-NaHA"28q.-NajA"iraq.-KHA".- 
kjA"aq.—CaA"4aq: qtellate groups of slender 
needles, more sol. cold than hot water. S. 60 at 
16°.—BaA''6aq: small transparent needles, v. 
sol.water.—MgA"3aq: small needles (from dilute 
aioohol); v. *e. sol. water.— ZnA": needles. 

5. •! at 18°. The solution deposits on heating 
oharacteristio minute rectangular plates with 
re-entering angles.—PbA"aq; heavy crystalline 
pp.—OuA"iaq.—Ag,A"! needles (from hoi 
water). 

JAono-ethgl other EtHA". An oil formed 
by the astion of aioohol on the anhydride in the 
cold (U.). 

Di-ethyl ether Et,A". (287°). S.G, »» 
1-086. 
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Ohlorid$ C,H,(C001)r (217°) (Eeboul, 
i. OA [ 6 ] 14,610). « ' ' ' “• 

Anhydride [67°]. (o. 287°). 

From the shTer salt epd AoCI(M.). Slender 
needles. 

Imide OsHyNO^e [162®]. Prepared by 
heating at 176®-180® the mixture of neutral 
and acid ammouiuzn glutarates, obtained by 
neutralising glutaric acid with ammonia. Am¬ 
monia and water are given off, and the imide 
collects partly in the neck, partly at the bottom 
of the ffask. The product is obtained in the 
pure state by crystallising from alooltol. Bril¬ 
liant scales, subliming above its melting-point, 
sol. water and benzene, insol. ether. Its silver 
salt is a crystalline powder. Heated with zinc* 
dust it forms a hydrocarbon and a basic sub¬ 
stance, probably a hydrid#of pyridine. After 
heating with PClj at 60® on distilling the 
residue in a current of steam, a substance 
CiHaOlsN is obtained, crystallising in needles 
[60®] which appears to possess the constitution 

inasmuch as, when heated 

with hydriodic acid and amorphous phosphorus, 
it yields a substance approximately of the com¬ 
position of chloropyridine (Bernheimer, O. 12 , 
281). 

GLUTAZINE v. Di-oxy-jlmido-pyridihb. 

GLUTEN V . Protbidb. 

GLUTEN-riBEIN v. Proteids. 

GLUTIC ACID V. Glutinio aoid. 

GLUTIMIC ACID CsH^NOg. [180®]. One (^E 
the products of the decomposition of proteids 
with barium hydroxide; glistening, voluminous 
prisms, sparingly sol. cold water, insol. cold 
alcohol.* A monobasic acid, forming a sparingly 
soluble mercuric salt (Schutzonberger, A. Ch. 
[ 6 ] 16, 3731. 

OIUTIK V. Proteids. 

GLUTINIC ACID i.e. 

HO 2 C.CiO.CH 2 .CO 2 H. [146®]. Formed by the 
action of alcoholic KOH upon /B-chloro-gluta- 
conio acid H 02 C. 0 H:CC 1 .C^.C 02 H; the yield 
is 30-40 p.o. of the theoretical. Slender needles, 
v. sol. alcohol and ether, insol. benzene and 
chloroform. On heating the acid or its mono¬ 
potassium salt with water, it is converted with 
evolution of OO 3 into a very unstable mono¬ 
basic acid, probably HC:C.CH 2 .C 02 H, which 
gives the acetylene reactions.—A"Pb: white pp. 
—“A^KjOiaq: long flat needles.—*A"Bajraq: 
slender needles (Burton a. Pechmann, B. 20, 
148). 

GLTCEEAHINE v . Glycxdaiiike. • 

GLYCEEIC ACID OtTSifi, i.6. • 

CH 2 ( 0 H).CH( 0 HJ.C 02 H. Mol. w. 106. 
oxy-propionio acid. Beat of neutralisation by 
iNa,0-11,334; by NajO-12,127 (Gal a.W^- 
ner, Bl [2] 47,163). 

Formatiion.-^-l. By the greflual oxidation of 
glycerin by nikio acid (Debus, P. M. [4] 16, 
196 ; 109,227; Socoloff, A. 106, 96).—2. By 

the spontaneous decomposition of nitroglycerin 
(De la Rue a. Miiller, A. 109,122).-3. By herffc- 
ing glycerin (I mol.) with bromine (2 mols.) and 
a large quantity of water at 100® (Barth, A. 124, 
841].—4. By heating a-ohloro- 0 -oxy-]propiomo 
acid or jS-ohioro-o-oxy-propionio aoid with moist 
AgjO (Melikoff, 0. C. 1881, 864; B, 18, 272; 
Frank, A» 206,848).—5. By heating ai9-di-bromo- 


I propionic acid with moist AgJt) (Beckurts a. 

■ Otto, B. 18, 238).—6. By heating oxy-acrylio 
acid C 3 H 4 O, with water (Melikoff). 

Preparation.—1. By mixing 60 g. of glycerin 
with 60 g. of water in a large glass tube, and 
adding, by means of a funnel reaching to the 
^ bottom, 60 g. of fuming nitric acid. After three 
’ or four days the contents of three such tubes 
are slowly evaporated on the water-bath down to 
about 270 g., and the syrupy mass thus obtained 
is preserved in a flask sdlowing the escape of 
gas, which is slowly given off. 1,620 g. of the 
syrupy mass are next mixed with 11 litres of 
water, 2,400 g. of white lead are gradually added, 
and the mixture is left to stand for a day. The 
vessel is thep warmed, with constant stin'ing, 
to 61®-66®, and kept at this temperature for 
two hours. The liquid is decanted and allowed 
to deposit crystals, the mother-liquor added to 
the solid mass, the water lost by evaporation 
replaaed, and the operation repeated two or 
three times. The lead salt thus obtained is de- 
compopod by (Mulder, B. 9,1902; cf. Beil- 
stein, A. 120, 226).—2. Mercuric oxide and 
baryta are added to a concentrated boiling aque¬ 
ous solution of glycerin. When the liquid is 
saturated with barjda the addition of UgO is con¬ 
tinued until reduction no longer takes place. The 
liquid is filtered, treated witii (' 0 ., again filtered, 
and evaporated to a syrup, which is freed from 
glycerin by washing with alcoliol. The residue 
is dissolved in water, the Ba is ppd. by the cal¬ 
culated quantity of and the glyceric acid 

which remains purified, if necessary, by means 
of its calcium salt. The yield is 46 p.o. of the 
glycerin used (Bornstein, B. 18, 3367). 

Properifes.—Unorystallisablo syrup; mis¬ 
cible with water and alcohol, insol. ether. When 
heated for some time at 105° it is converted into 
a soft, very tenacious, anhydride ; fur¬ 

ther application of heat gives formic, acetic, 
pyruvic, and pyrotartario acids and an acid 
C«H, A [83®] (Moldenhauer, A. 131, 323 ; Bot- 
linger, A. 196, 92). D^tillation with KHSO| 
forms pyruvic acid (Ericnmeycr, B, 14, 321). 
Glyceric acid prevents the ppn. of cupric and 
ferric hydrates by potash. It is optically inac¬ 
tive, but a solution of ammonium glycemte is 
rendered Iffivorotatory by PenicilHum glancum 
(Lewkowitsch, B. 16, 2720). 

Peactions.—l. Iodide of pliospliorut forms 
/ 8 -iodo-propionic acid.—2. Boiling cone. KOHAq 
forms oxalic and lactic ac^s.—3. Potashrfueio^i 
gives formic and acetic acids.—4. PCI, gives 
CHjCl.CHCl.COCl (Wiohelhaus, A. 186, 248). 

Salts.—NH 4 A' k radiating deliquescent cry s- 
tals.—KHA,: small crystals; the neutral K salt 
decomposes on evaporation.—CaA' 22 aq: nodule 
composed of minute tables or prisms; sol. water, 
insol. alcohol; on adding alcohol to its aqueous 
solution mon<mlinic crystals are got.—SrA',: 
crystals; nearly insol. cold, v. sol. hot, water 
(Garzarolli-Thurnlack, A. 182, 190).—BaA',. 
large spherical aggregates of concentric lominss, 
V. e. sol. hot ♦ater, insol. alcohol.—MgA'a 8 aqj 
ksteliate groups of small efflorescent orystalk.— 
ZnA'jaq; small crystals.—CdA' 82 aq.—PbAV-*- 
GuA',: minute sl^-blue cfystids, m. sol. cold 
water.—MnA', Saq.—AgA': minute prisms (from 
water). 

Ethyl eihet £tA^ (280®-240®). &0. t 
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1*198. Formed bj heating glyoerio acid (1 pt.) 1 
with alcohol (4 pts.) at 176® (Henry, B, 4, 701). j 
Sticky liquid. A mixture of HNO,andHjSO, I 
converts it into its oily di-nitrate C,Hj(NOa).pEt. i 

Anhydride or lactone CfUfiy Separates 
from an aqueous solution of glyceric acid evapo¬ 
rated at 100® and left to rest. Slender six-sided, 
needles (from water). Insol. (^ooliol and ether. 
It dissolves in 647 pts. of boiling water, by which 
it is slowly re-converted into glyceric acid. 

GLYCEEIO ALDEHYDE (?) or 

Preparatum.-^Bj the action of platinum 
black (best prepared by the method of Idrawko- 
witsoh) on glycerin mixed with double its weight 
of water. The mass is extracted rith water, and 
concentrated on a water bath in vacuo. 

BeacHons.—Beduces Fehling’s solution and 
ammoniaoal nitrate of silver. Is coloured yellow 
on boiling with lime or baryta water. Becomes 
strongly heated when shaken with a soliTiion of 
NaHSO,, after which alcohol ppts. a gummy 
matter, but NajGO, or H,SO, do not set free an 
aldehyde from this mass. Phenyl-hydrazine 
hydrochloride and NaOAo gives a coloured pp.; 
on fractional ppn. several derivatives are ob¬ 
tained, none of which have been obtained pure. 
Of the part soluble in alkalis after a crystallii^a- 
tioD from benzene, and one from weak alcohol, 
the melting-point is constant [193®]. The al¬ 
dehyde ferments with yeast, but the quantity of 
CO, obtained is small compared to its reducing 
power (Grimaux, Bl, [2] 47, 886; cf, Renard, 
C. B. 62, 662). The same body occurs among 
the products of the action of nitric acid upon 
yeast, and it appears to be closely allied to the 
sugars (Grimaux, C. B. 105,1175). 

GLYCERIN 0,H*0. *.«. 

0 H 50 H.CH( 0 H).c 40 H. Olycerine. Olycerol 
Mol. w. 92. [20®3 (Nitsche, D. P. J. 209, 145). 
(290® oor.). 8.G. 1*2635 (Nicol, Ph. [8] IS, 

802); H 1*2624; If 1*2588 (Perkin, C. J. 45,607); 
* 5 ? 1*2690 (Brfihl). M.M. 4*111 at 16® (P.). H.P.p. 
-1364 (Ramsay). m^ 1*478. R® 33-70 (B.). 8.H. 
*612 (Winklemann, P. 153, 481). leotonic co* 
evident : 1*78 (De Vries, Ann. Agr. 14, 376). 

Glycerin, as was first shown by Chevreul, 
belrs the same relation to the fats and fatty oils 
that alcohol does to acetic ether, and is, there¬ 
fore, formed from them by boiling with aqueous 
alk^f baryta-water, lime-water, litharge and 
water, or even by heating (under pressure) with 
water alone, ft 'was discovered in 1779 by 
Sobeele, who obtained it in the preparation of 
lead plaster by saponifying lard with lead oxide. 

Formation.^l. Always produced in the al¬ 
coholic fermentation of sugar, the amount beitig 
about 8 p.o. of the sugar used (Pasteur, C. B. 46, 
867 ; 47,224). Henoe it occurs in all fermented 
liquors. Wine may contain about 1 p.o. of gly¬ 
cerin. Brandy also mav oontmn a little glycerin 
(Morin, C. B. 105,1019).—2. When s-tri-bromo- 
propane r,fiHBr.CH^r is heated with 
AgOAo there is formed glyce^ tri-acetate or tri-, 
acetin CH|(0^s).(^(OAcJ.GH,(OAc). Baryta- 
water converts tibis tri-acetm into glycerin (Wut^z, 
A. Ch, [8] 61, 97).—8. SynthetioaUy prepwed 
from acetone by socoessive oonversion into iso¬ 
propyl alcohol, propylene, propylene chloro-io- 
mde, propylene chloride, and tri-chloro-propane. 
The tri-chloro-propane was obtained by heating 


propylene chloride with iodine chloride at 140*, 
uiid was converted into glycerin by heating with 
water at 180® (Friodel a. Silva, G. B. 76,1594). 

1. By saponification mth o*- 
ide of lead.—Pivo pts. of finely pounded litharge 
are heated with nine pts. of olive oil or any other 
glyceride and a small quantity of water, the mix¬ 
ture being stirred, and the water renewed till the 
oxide of lead is converted into a plaster; the - 
watery liquid is then separated from this plaster, 
and freed from lead by a stream of H,S, and the 
filtrate is evaporated to a syrup over the water- 
bath. i'or many years all the glycerin of com¬ 
merce was obtained by this method; but it was 
very apt to reUin small quantities of lead, the 
presence of which is very objectionable in any 
therapeutic applica^on of glycerin.—2. From the 
alkaline mother-liquor of the soap-works glycerin 
may be obtained by distillation with superheated 
steam.—3. By saponifying tallow with lime and 
water, ppg. excess of lime by H^SO,, and evapo¬ 
rating.—4. By distilling fats in a current of su¬ 
perheated steam at 300®; the fats are then de¬ 
composed, and the glycerin which distils over is 
finally rectified in vacuo. 

Properties.—Thlcli syrup with sweet taste. 
Neutral to litmus. Miscible with water, alcohol, 
and chloroform, but insol. ether. It is slightly 
volatile with steam (Couttolenc, Bl. [2] 36,133). 
Volatilisation of glycerin does not, however, 
take place as long ns 50 p.c. of water is present, 
and even when there is only 26 p.o. water, mere 
'traces of glycerin pass over (Hehner, An. 12, 
65; cf. Nessler a. Barth, Fr. 21, 44; 23, 329). 
When distilled under atmospheric pressure it is 
partially decomposed, but it may be distilled 
under diminished pressure without decompo¬ 
sition. It boils at 180® under 12*6 mm. pressure 
(Bolas, 0. J. 24, 84). Glycerin is hygroscopic 
and may absorb as much as 68 p.o. of water from 
the air (B. Williams, 0. C. 1881, 76). The fol¬ 
lowing table gives the specific gravity at 20® of 
solutions of glyccrij), compared with water at 
20® (Nicol, Ph. [3] 18, 302):—' 

Glycerin per cent. api ctac eraytty 
100 . . . 1-20348 

90 . . . 1-2.I720 

80 . . . 1-21010 

70 . . . 1-18293 

60 . . . 1-1S6G1 >' 

60 . . . 1-12831 

40 . . . 1-10118 

30 . . . 1-07469 

20 . . . 1-04884 

■ *. 10 . . . 1-02391 

A 10 p.c. solution ol glycerin Ireezes at -1“; a 
20 p.c. solution at -W; a 80 p. 0 . solution at 
- 0“ -, a 40 p. 0 . solution at -17-6“; and a 60 
p.o. solution at - 31“. Purs glycerin may be ob¬ 
tained in doliqaesosnt trimetrio crystals melting 
at -20“: <x:6:o=-70:1: -66 (Nitsche, D. P. X209, 
145; Von Lang, P. 162,637). Olyoorin burns with 
a colourless flame. Glycerin dissolyos iodine. An 
aqueous solution ol glycerin dissolves more As,0, 
than pare water (Schiff, .4. 119, 66). Aqueous 
solutions ol glycerin dissolve baryta, strontia, 
and lime. Pure glycerin dissolves KOH and 
NaOH. Glycerin dissolves all deliquescent salts, 
and also the snlphatesol K, Na, and On, and the 
chlorides ol K and Na (Pelouze, A. 19,210; 20, 



QLYOERIN. 


6i7 


46). Aqueous and even dry glycerin dissolves 1 mzor,JV.20,80). Instead of weighing the glycerin 
i*bO. FeOlj mixed with much glycerin is not it may be oxidised either by boiling with K.,Cr/>, 
ppd. by alkalis {c/. Puls, *1.pr. 15,83). Guprio and HjSO^jOrbyhoating with KMn 0 ,undH,;''O, 
sulphate mixed with glycerin forms, with a small at 40®; in either case the amount iif carbomo 
quantity of potash, a pp. which dissolves in ex- acid evolved or the amount of reduction effected 
cess of potash; but on boiling the resulting deep- may be noted (Lcgler, An, 12, 14; Hehner, An. 
bluesolutionbluishflakesaredeposited. Glycerin 12, 44, 65; Planohon, 0. R. 107, 246; Cross a. 
renders borax solution acid (D. Klein, 0. R. 86, Bevan, C. N. 55.9).-7. An aqueous solution of 
•826; Senior a. Lowe, Ph. [3] 8, 819; C. J. 33, glycerin (about *25 g.) may be oxidised by KMnO< 
438; Donath a. Mayrhofer, Fr. 20.879; Dun- after addition of KOH (5 g.), and the oxalic acid 
Stan, PA. [3] 18, 257), formed ppd. as calcium salt (Fox a. Wanklyn, 

Tests .—Glycerin is optically inactive!so that C. N. 53, 15; Bcncdikt a. Zsigmondy, Fr. 25, 
adulteration with sugar may readily be detected 687 ; Allen, An. 11, 62; Jolles, Fr. 27, 621). 
by the polariscope. The presence of glycerin in Beactions.—l. Partially decomposed by dis- 
a saccharine liquid may be detected by mixing tillation yielding acrolein, acetic acid, COj, and 
with slaked lime and sand, evaporating over a polyglycerio edinpounda. When distilled with 
water-batb, and extracting tlf<yiearly dry residue PjOj or KHSO, it yields acrolein. When dis- 
with alcohol-ether; the alcohol-ether on evapo- tilled with CaCl, it yields acrolein, acetone, pro- 
ration l^ves the glycerin behind; a borax bead plonic aldehyde, phenol, <fcc. (Linnemann a. 
after dipping in the glycerin colours a flame Zottu, A. Siippl. 8, 254; 174, 87).—2. Glycerin 
green (Seiiier a. Lowe, C. J. 33, 438; Donath a. is oxidised by the air in presence otplalinum^ 
Mayrhofer, Fr. 20, 383). If a mixture of equal black to CO^ and water; at the same time the 
volumes of glycerin, phenol, and HBO, bo heated so-called glycenc aldehyde (a kind of sugar) is 
to 120®, diluted with water, and treated with formed. Tliis body is fermentable by yeast 
NH„ a crimson colour is developed (Ueichl, B. (Grimunx, Bl. [2] 10, 251; C. R. 105, 1175). A 
9,1429). substance rcHombling glucose is also formed by 

Fstiination. —1. When an aqueous solution placing glycerin in contact with iron that is 
is shaken with benzoyl chloride and sufficient undergoing oxidation in moist air (Kosmaun, Pf. 
NaOHto make it alkaline, an insoluble crystalline [2J 27, 210).—3. Propionic and formic acids are 
pp. is produced, which chiefly consists of the di- among the products of the oxidation of glycerin 
benzoyl-derivative C^Iij,(OBz)2(011). Whencrys- in alkaline solution by ozone (Gorup-Besanez, 
tallised from petroleum-ether it forms long ' ^4.125,211).—4. MnO^ and HCl or H.^SO, yield 
colourless needles [70®], v. sol. alcohol and ether, *002 and formic acid.—5. If fuming nitric acid 
insol. water. Other hydroxylated compounds and dilute glycerin arc lelt in contact in two 
mu.st be absent. The reaction can be used for layers in the raid, gradual oxidation takes place 
the quantitative determination of glycerin in with formation of glyceric, racemic, glycollic, 
beverages flR. Baumann, B. 19, .3221; l)irz, H. 11, ' glyoxylic, oxalic, formic, and hydrocyanic acids 
472).—2. Commercial glycerin (Ig.) is boiledfor (Debus, .4. 106, 79; Beilstein, A. 120, 228; 
1 hour with (7 g. of) AcjO and (3 g. of) dry NaOAo lleintz, A. 152, 325; Przybytek, Bl. [2] 85,108). 
in a flask with inverted condouscr; the product | By the action of HNOj on glycerin in the cold 
is diluted with water (50 o.c.) and heated to boil- I Przybytek {JM. [2] 36, 146; 37, 342) also ob- 
ing. In this operation the glycerin is converted tained an acid C.H,oOg, apparently identical 

into the tri-acetin. and the amount of tri-acetin with saccharic acid, and inactive tartaric acid, 

can be determined after filtration by neutral- as well as racemic acid. Werigo (0. C. 1881, 

isation of free acid by NaOH, saponification 612) by oxidising glycerin with HNO, obtained 

with standard NaOH and titration with standard | an acid CaH^O^. On warming glycerin with 
HCl (Benedikt a. Cantor, M. 0, 621).—3. Cham- ! dilute nitric acid (S.G. 1*18) a violent reaction 
pion and Pellet (Bl. [2J 19, 403) estimate the | ensues, and after removal of the nitrous acid 
amount of glycenn in commercial samples by with urea a liquid is obtained which reduces 
treatmoBt with a mixture of nilvio acid and , Fchling’s solution and gives with phenyl-hydra- 
HjSO^, the resulting nitroglycerin being dried zine hydrochloride the crystalline di-phenyl- 
at 100® and weighed.—4. A safer method con- hydrazide, ‘ phenyl glycerosazone ’ C,jH„N 04 or 
sists in mixing the liquid (1 pt.) with lead oxide CH 2 (OH).C(N 2 HPh).CH(N 2 lIWi) [131®] (Fischer 
(25 pts.) and evaporating to a constant weiglitat a. Tafel, 15.20,1088).—6. If lead hydroxide (600 g.) 
130® ; the increase in weight of tlio leadcflcide^is be added to boiling aqueous (85 p.c.) glycerin 
noted (Morawski, Fr. 21,130).—6. For the esti- (1,000 g.) and, after cooling to 0®, the resulting 
mation of glycerin in wins, Macagno (D. P. J. load compound be washed with alcohol and 
216, 95) digests a litre of*tbe wine with recently ether, dried at 100®, and exposed to bromine 
precipitated lead hydroxide; evaporates the evapour, ‘glyceroso’ is formed. It ma^ be ex¬ 
liquid on the wator-batb, then t^ds a further tracied by alcohol, and after evaporating the 
quantity of lead liydroxide; exhausts the mass alcohol and treatitg the residue with BaCO, to 
with absolute alcohol, and precipitates the dis- remove acids, it can be dissolved in ether, 
solved lead by a stream of carbon dioxide. The Glyoerose is a syrup which reduces Fehling’s 
fllteredliquid when evaporated leaves nearly pure solution, fermcQts#vith yeast, and when treated 
glycerin.—6. The estimation of glycerin in wine wiUi phenyl-hydrazine yields phenyl-glyoer* 
or beer may be effected by mixing with milk of os^one. However, it appear^ to be a mixture, 
lime and chalk, evaporating to dryness, and ex- since it yields two oxy- acids when warmed with 
traoting with alcohol. The alcoholic extract is oono. HCyAq (Fischer a. Tafel, B. 21, 2634). If 
evaporated to a small bulk, mixed with alcohol- glycenn (10 pts.), Na^CO, lOaq (35 pts.), water 
ether, filtered if necessary, dried at 105®, and (60 pts.), and bromine (15 pts.) bo mixed at 10^ 
weighed (Weigert, 0* 0. 1888, 1611; cf . Glaus-! and the solution be mixed witli phenyl-bydro- 
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sine flolation two osazones are got, 

[217®] andri69®]jPi80her a. Tafel.B. 20,8384).— 
7. A mixture of fiNO, and cone. H 2 S 04 give 8 the 
trinitrate, commonly called nitroglycerin.— 8 . 
Alkaline KMnO^ fonns CO„ formic acid, pro* 
pionio, and traces of tartronio acid. The latter 
IS often present as the acid manganese salt 
^ Mn(00«0H(0HJ.00,H)y fOatiipani a. Bizzarri, 
^ 0, 12,1). By nsing strongly alkaline KMnO^, ox* 
alio acid (1 moh) and GO) (1 mol.) were obtained by 
Foxa. Wanklyn (C.N.SS, 16; c/.Planchon, C. 
107, 246).—9. A solution of glycerin acidulated 
with 5 p.o. of H 2 SO 4 yields on electrolysis formic 
paraldehyde (tri-ozy*methylene), formic, acetic, 
oxalic, and glyceric acids, and a glucose (polymer* 
ide of tri'Oxy-methylene) which ^rms a barium 
compound 04 H,| 0 ( 3 Ba 0 , is not fermented by 
yeast, and is oxidi^ by HNO, to oxalic acid (Be- 
nard, A. Ch. [5] 17, 303). Bartoli a. Papasogli 
(G. 13,287) obtained acrolein, fonnioparal/lehyde, 
glyceric acid, and formic acid by electrolysing 
glycerin.—10. Lime and AgsO form glycollio and 
formic acids (Kiliani, B. 16,2415).—11. Accord* 
ing to Dumas a. Stas {A. 35, 158) by gently 
heating glycerin with EOH it is converted into 
potassium formate and acetate with evolution of 
hydrogen. Herter (B. 11, 1167) also obtained 
lactic acid.—12. On distillation with caustic 
soda it is on the one hand reduced to propylene 
glycol, and on the other hand oxidised to formic 
acid; other products are methyl, ethyl, and 
n.propyl alcohol, hexylene and other hydrocar¬ 
bons, acrolein, and various ketones (Belohoubek,*' 
B. 12, 1872; Letts, B. 5, 159; Fernbach, Bl. 
[2] 34, 146).—13. Distillation of the calcium 
derivative CaOiH^O, gives methyl, ethyl, and 
hexenyl alcohols, aldehyde, acetone, di-ethyl* 
ketone, a ketone 04 H ,30 (124®), mesityl oxide, 
and phorone (Destrem, A. Oh. [5] 27, 20).— 
14. By heating with bromine and water at 100® 
glyceric acid and bromoform are produced (Barth, 
A. 124,341). Bromine dropped into heated dry 
glycerin forms aopleln. For the action of 
bromine and NagCu, v. Reaction 6.—15. HIAq 
converts glycerin into allyl iodide and propylene; 
an excess of HI forms isopropyl iodide (Erlen* 
xneyer, A, 139, 211). When glycerin is heated 
with HCl mono* and di*chlorbydrins are formed, 
togetherwithaorystallinecompound[ 110 ®],which 
appears to be a polymeride of epiohlorhydrin 
(Fauconnier a. Sanson, Dl, [2] 48, 236). HBr 
forms mono- an^ di-bromhydrins.—1C. Iodide 
of phosphorus PI, forms propylene, allyl iodide, 
ana a uttle allyl alcohol (Berthelot a. De Luca, 
A.CK [ 8 ] 43, 257; 44,350; Henry, B. 14,403). 
Glycerin may be conveniently converted into 
allyl io^de by running a solution of iodine 
(440 g.) in aUyl iodide (160 g.) into a heated 
mixtnre of glycerin ( 2,000 g.), iodine (60 g.) anu 
red phoBjhorus (200 g.) (B&al, Bl. [2] 47,875). 
Glycerin (200 g.) may also^ be converted into 
allyl iodide by mixing with iodine (135 g.), add¬ 
ing clear pho^homs (40 g.) cautiously and dis* 

, tiUinginAOorrentof 00 ^ TVhen glycerin (2 ptsi) 
is mixed with iodine (30 pts.) and red phosphorus 
(6} pts.) is cautiously added to the cooled mix¬ 
ture, isopropyl iodide is formed, and maybe dis¬ 
tilled over. Aluminium foil and iodine also 
form allyl iodide (Hodgkinson, 0. N. 85, 237).— 
17. PBr, and PBr, form mono- and di-bromhy- 
driu and s-tri-bromo-propane (Bertlielot a. De 


Luca, A. Ch. [8] 48, 304). PCI, and PCI* act !n 
like manner.—18. SjOij forms di-ohlorhydrin 
and s-tri-ohloro-propane (Oariue, A. 124, 222; 
cf. Wolfit, A. 160, 69).—19. When glycerin is 
aistilled with ammonium chloride a chlorinated 
compound (175®) is formed, together with soma 
acids, and a base ‘giyooline’ 0«H„N, (166®). 
S.G. 441*008. This base forms a platinc^hloride 
B^HjIHCl*, a deliquescent oiwstalline hydro- 
chloride B"HCI, and a crystalline ethylo-iodide 
n"EtI (fitard, 0. R. 92, 795).—20. When gly* 
oerin i% heat^ with acids one or more acid 
radicles usually displace its hydroxylio hy¬ 
drogen. Thus acetic acid forms the aoetins, 
citric acid fd^rns the oitrins, phosphoric acid 
forms glycero-phosphoric acid, sulpburio acid 
gives glycero-sulj^vlfnrio acid.—21. Excess of 
oxalic acid is spht up by glycerin at 100® into 
formic acid and GO, (Berthelot, A. 98, 139). 
When excess of glycerin is heated with oxalic 
acid at 200®*250® it is reduced to allyl alcohol 
(Tollens, A. 156,130). Distillation with formic 
acid also converts glycerin into allyl alcohol 
(Heniflnger, BL[2] 21,242).—22. When glycerin 
is distilled with citric add there is formed gly* 
cide pyruvate CHyCH.OHj.O.CO.CO.CH 3 [82®] 

(241®) (De Clermont a.Ohautard, O.R. 105,520). 
23. Distillation with NajS gives an oil (58®) 
whence HgO gives a crystalline compound [35®J 
(Sohlagdenhauffen, O.B.76,1021).—24. Heated 
with anhydrous borax it forms NaBO, and the 
borin GsH^BO, which is decomposed by water 
into boracio acid and glycerin (Dunstan, P^.[3] 
14,4D.—25. Glycerin acts upon benzoic aldehyde 
at 20d®, forming benzylidene-glycerih 

a liquid that is not volatile under atmospheric 
pressure, but boils under 20 mm. pressure at 
190®-200® (Harnitz-Harnitzky a. Meuschutkin, 
A. 136, 127; Bl [2] 8, 263). In a simUar 
manner it reacts with acetic aldehyde, forming 

ethylidcne-glyoerin CH 3 .CH<^ ^CjH 3 {OH) 

(184®-188^), S.G. fl 1*081, V.D. 4-162; and with 
valeric aldehyde forming amylidenc glycerin 
(224®-228®), S.G. « 1*027, V.D. 6-626 (calc. 
5*544).—26. Glycerin in dilute solution under* 
goes fermentation (doe to Bacillus butylicus ?) 
in presence of chalk forming n*butyl alcohol, 
e^hyl alcohol, n*propyl alcohol, 73-amyl alcohol 
(138®), trimethylene glycol, hexoio, butyTic,lactic, 
and acetic acids, and evolving GO.* and hydrogen 
(Fitz, B, 9,1348; 10,^76; 11, 42; 13, 36,13H; 
15, 876; Morin, 0. R. 105, 816; c/. Berthelot. 
A. Ch. [8] 50, 846; Beoharap, j?. [2] 6, 603; 
Hoppe-Seyler, H. 8,353; C. J. 40, 82; Freund, 
M. 2, 638).—27. Distillation of glycerin (1 kilo.) 
withsino-ausf (2 kilos.) yields propylene, acrolein, 
allyl alcohol, hexen^ alcohol G*H,oO (c. 140®), 
and a compound 0 ,jH «,03 ( 0 . 200®) (Kerstein, B. 
9, 695; Glaus, B. 18, 2981).—28. Distillation 
wdth calcimn chloride gives a liquid O^HigO, 
(172®) formerly called glyceryl oxide, but which 
appears rather to be the anhydride of acetyl-car* 
binol (GH,.OO.OH 2 )aO. The same liquid is found 
in the black residue in the preparation of allyl 
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Aleobol from glyoerin and oxalio aoid. It may 
be reduced by HI to glycerin. It is miscible 
with water, alcohol, and ether. Water at 100^ 
converts it into glycerin. Br forms dibrom* 
hydrin. Sodium-amalgam does not attack it. 
Chromic aoid mixture gives formic acid and 
acetic aldehyde. Hot dilute HOI con^rts it 
into a substance that reduces Fehling's solution 
• and ammoniaoal AgNO, (Linnemann a. Von 
Zotta, A, Suppl 8, 254; Von Gegerfelt, B. 4, 
919; Zotta, X 174,87; Tollens, 1871, 628; 
Tollens a. Loe, B. 14,1947; Silva, 0. B. 93,418). 
29. Aniline, niiro-bemene, and H^SfO^ form 
quinoline (Skraup, ilf. 2, 139 ; 8, 881).—30. 
Acetamide and P»0, give (JPy.2)-m0thyl.pyridine 
(Zanoni, B, 16, 628).—81. Heated with am- 
inomum sulphate at 256® fbr seven hours there 
is formed a mixture of bases of the pyridine 
series, including pyridine, {Py. 2)-methyl-pyri. 
dine, and a di*metbyl.pyriaine (Storcb, B. 19, 
2456, cf . Reaction 19).—32. By heating with 
aniline and ZnCl^ it forms skatole (0. Fischer 
a. (^rman, JB. 16, 710).—33. Growing aigie 
t^Spirogyra) are capable of converting glycerin 
into starch (Bokorny, C. 0. 1888, 868). 

Metallic derivatives. —The heat developed by 
the action of alkalis upon glycerin has been 
studied by De Forcrand (C. B. 103, 696; 104, 
116, 291, 861; 106, 666, 746; 107. 269). 
NaOtH^O,. Obtained by heating glycerin witli 
sodium-amalgam or with NaOBt. Prepared by 
adding glycerin to an aloohoUo solution of 
NaOEt, when radiating stars composed of> 
minute crystals of NaCjH.OgHOEt separate (the 
ppn. is exothermic, but the ppn. of OsH.KaO, 
would hMe been endothermic); when these crys- 
tals are neated in a current of dry hydrogen 
they give off their alcohol of crystalliflation 
(Letts, 0. J. 25, 450; Blaas, M. 2,785). White 
deliquescent powder, decomposed by water into 
NaOH and glycerin. CS^ heated with it at 55® 
forms NaS.OS.O.C,Hj(OH) 3 ; orange mass, 
insol.ether,decomposing at 65®,andory8tallising 
from alcohol with HOEt (LObisch a. Looks, i 
M. 2, 372). Glycerin (1 mol.) mixed with a 
concentrated solution of NaOMe in MeOH de¬ 
posits NaO,H,0«HOMe in deliquescent needles, 
which give off MeOH in a stream of hydrogen 
at 120®. The corresponding NaG,H,0,H0rr, 
NaC,H,O,HO0HjPr, and NaO,H,O^OC,H,, 
may be obtained in like manner (De Forcrand, 
C. R. 104, 291). Sodium-glycerin and methyl¬ 
ene chloride form syrupy 
(CHj(OH).OH(OH).CH.O)sjCHj(H5land, A. 240, 
242). Na^OAO,. [220®]. When NaCjH,(J, is 
mixed with alcoholic NaOEt and evaporated at 
100® to 120° in hydrogen the residue is 
NaG,H,0,NaOEt, but *at 180' the di-sodium 
derivative NasOsEgO, is left (LObisch a. Looss# 
M. 2, 843; De Forcrand, 0. R. m, 665). Deli¬ 
quescent crystalline mass; reamly decomposed 
by moist air. The oompound NagOgHgO, has 
not been obtained.—KO,H,OsHO£t: lamime.— 
E0,H,0,: obtained in the same way as the cor>^ 
responding Na derivative (De Forcrand, C. B. i 
104,116). Does not react with EOMe even at 
180®. — E0,H,0,H0Me. - KC,HAHOPr. - 
KCaHjOjHOOgH,,, — BaOjHgO,. Prepared by 
heating glycerin with BaO at 50® (Destrem, 
C. B. 90,1218; A, Oh. [5] 27,17, 44). White 
^•liqoMoent powder, turning yellow in dry air; 


decomposed by water into baryta and glycerin. 
On distillation it gives hydrogen, Ba^,, me¬ 
thane, propylene, and various alcohols of the 
series O^Hj^O.—CaGjHgOj. Prepared in the 

same way as the preceding which it resembles 
in physical properties. Decomposed on distil- 
Jation into aldehyde, acetone, di-ethyl-ketone, 
mesityl oxide, p^iorone, methyl alcohol, ethyl 
alcohol, and hexenyl alcohol (D.).—Pb.O,HgO, 
formed by mixing a hot solution of Pb(OAc),. (22g.) 
in water (250 c.c.) with glycerin (20 g.) and' KOH 
(16g.). Slender needles.—Pbg(C,HgOs),. A sticky 
pp. formed by boiling 60 grms. of lead acetate 
with 250 0 . 0 . water and 26 grms. of PbO, filtering 
and mixing with 75 grms. of glycerin (S.G. 1-24) 
and a solutioa of 20 g. KOH (in 100 c.c. water) 
which has been boiled with excess of PbO.— 
2fOsHgO,Pb.PbNO,),Pb(OH)NOj. Formed by 
adding NH, (2‘57 grms.) to a solution of lead 
nitrate (25 grms.) and glycerin (30 grms.) in 
watert‘250 c.c.) (T. Morawski, J.pr. [2] 22, 408). 
Na^Mn(CjHj0s)2. Formed by boiling hydrated 
MnOj (from Mn(OAc )2 and chlorine) with glycerin 
and aqueous NaOH (Schottlander, A. 156, 2.50). 
Yellowish-red mass, insol. alcohol and ether, 
V. sol. aqueous glycerin. Boiling water decom¬ 
poses it with ppn. of hydrated MnO^. Its solu¬ 
tion gives pps. with AgNO„ with Pb(N 03 ), and 
with Hgj(N0,)2.—SrMn(C3H508)j. Obtained by 
dissolving strontium hydroxide (12 pts.) in gly- 
cerin (150 pts.) and adding ppd. hydrated man¬ 
ganese dioxide (3 pts.) to the boiling solution. 
Light ochre-yellow powder. 

Glycerin mono-nitrate C,H,NOj i.e. 
OgH^(OH)i(ONO.j). From glycerin and HNO, 
diluted with (3 pts. of) water (Hanriot, A. Ch, 
[5] 17,118). Liquid, v. e. sol. water, si. sol.'ether. ' 
Explodes when struck. 

Glyceryl tri-nitrate C,H4(0N08),. 
Nitro-glycerin. [-20®]. S.G. 1*60 at 16° 8. 
•0126; S. (alcohol) 42; S. (MeOH) 126 Mol. 
w. 227. Prepared by dropping glycerin (dried 
at 100®) into a mixture of fuming HNO, 
and cone. HjSO^ kepb below 10®, After 
some hours the product is poured into water, 
and the ppd. nitroglycerin dried at 70® 
(Sobrero, A. 64, 398; Williamson, A. 92,305; 
Boutiny a. Faucher, Bl. [2] 27, 383 ; Matthew 
Hay, Tr. E, 32, 67). Viscid liquid, without 
odour (when cold) but with sweet taste. Almost 
insol. water, v. sol. alcohol, ether, chloroform, 
HOAc, benzene, and phenol; nearly insol. gly¬ 
cerin. Solidifies in a froezwg mixture in long 
needles. Poisonous. When quite pure it may 
be kept for any length of time, otherwise it 
gradually decomposes forming glyceric, oxalio, 
and nitrous acids (De la Bue a. Muller, A. 109, 
122). When struck it explodes violently. A 
mixture of nitroglycerin with silica in the form 
of infusorial earth is called dynamite (Nobel, 
B. P. J. 90, 1^4). Reactions.—1. AloohoUo 
pofcuhforms nitrite, nitrate, acetate, oxalate, and 
formate of potassium, a reddish-brovm resinous 
mass, and a Bub|^anoe which when dissolved in 
even 80 volumes of hot alcohol forms a jeUy 
vfhen cold (Hay).—2. Alkaline carbonates pro¬ 
duce the same quantity of nitrous aoid (contain¬ 
ing 38 p.o. of the nitrogen) as alcoholic EOH. 
Ammonia acts in like manner but less energeti¬ 
cally. NajjHPO, behaves like NH,.—8. HCli^ 
decomposes it, as does hot (but not cold) li^SOg, 
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4. HlAq deooinpoBes nitro-glyoerin into glycerin 
and NO (^Mills, J. 1864. 4941.-6. Cono. H.SO, 
and Hg also give off NO by tne measurement of 
vhiob the nitro-glyoerin might be estimated 
fflempel, 1‘r. 20, 86 ; Hess, Fr. 22, 128).— 
6 . When evaporated with yellow ammonium sul¬ 
phide it is reduced to glycerin (Bloxam, C. H- 
47,169). 

Qlyctryl tr»-«itrtls CjHj{N 02 ), (o. 
160°). S.G. 1-291. Formation. —1. Dry 
nitrons acid gas from ASgO, and HNO, (S.G. 
1*35) passed into cold glycerin forms two layers, 
the smaller is an aqueous solution of nitrous 
acid, the larger is impure glyceryl trinitrite 
C,Hj(ONO)|. It is purified by distillation in a 
current of hydrogen (0. Massonf (7. J. 43,348). 
Pfoperftes.—Boils at about 160® with partial 
decomposition. Yellowish oil. Burns with 
whitish flame, docs not explode when struck. 
Bleaches the skin. Sol. ether, chloroform and 
benzene, but insol. CS,^. With cold glacial acetic 
acid, it forms a green solution which gives off 
nitrons fumes when heated. It decomposes spon¬ 
taneously giving off NO. Reactions,—!. H.^SOg 
violently decomposes it.— 2 . K^COj forms KNOj. 
3. Alcohol forms EtONO.—4. It does not mix 
with water, but is slowly decomposed by it, 
glycerin and HKO, being apparently formed in : 
the flxst instance. 

Qlyoefo-sulphuric acids *,— 

MonO’Sulphwrin CjHj( 0 H) 2 S 04 H. Qlycsrin- 
stdpkurie acid, ^rom glycerin (1 pt.) and sul¬ 
phuric acid (2 pts.) (Pelouze, A. Ch. 63,21). Un¬ 
stable liquid, being decomposed by evaporating 
its solution even below 0®. It decomposes car¬ 
bonates forming salts which are v. sol. water 
and very unstable.—CaA',: needles, begins to 
decompose at 140®, giving off acrolein, acrylic 
acid, and SO^ (Bedtenbaober, ^4.47,118). 

Di-sulphurin CsHi(S 04 H). 2 ( 0 Hj. Formed by 
slow action of water on the tri-sniphurin which 
it much resembles (Glaesson, J.pr, [2] 20, 6 ). 

Tri-sulphurin 6 ,^ 15 ( 8046 ),. Glyceryl iri-> 
sulphuric add. Formed by adding glycerin 
slowly to chloro-sulphuric acid (ClSOgH) as long 
as HCI is briskly given off. The crystals obtained 
ar»dried over H,S 04 (Glaesson, J. pr. [2] 20, 4). 
Slowly decomposed by water: 0 ,Hi(S 04 H), + H,0 
» C,H,(S 04 H) 2 ( 0 H) -f 1 ^ 804 . Boiling water de¬ 
composes it into glycerin and sulphuric acid.— 
Ba,AV 

GlyceTO‘pho^horic acid C,H,PO, i.e. 
C,nv(OH),O.PO(OE) 2 . Exists in small quan¬ 
tity in human urine (Sotnitschewsky, H. 4,214). 
Obtained from lecithin or the yolk of eggs by 
boiling with aqueous alkalis or baryta (Gobley, 

J. Ph. [33 9, 161; Strecker. C, R. 52, 1270). 
Formed by heating glycerin with H,P 04 or P 5 O, 
(Pelouze, C.R. 12,718). The free acid is decom¬ 
posed by evaporation of its aqq^ous solution. 

Salts.o-BaA" (Tbndichum a. Kingzett, 0* 

J. 30,20).—BaA"aq.-OaA".—CaH,AV-PbA": 
insoi. water. 

• Di•8Uaryl^glycero^phoiphoric acid 
0 ,E,( 0 . 0 ,A» 0 ),O.PO,H 2 . [66®43®3. Obtained 
by heating ^-stqarln with P^O, at 110®. The 
product is treated with alcohol 66 (p.c.). The 
residue is extracted with boiling alcohol and fil¬ 
tered ; powdered NajCO, is added to the filtrate 
when a mixture of phosphate and sodio di- 


stearyl-gl^foerophosphate is ppd. This is ex- 
tracted with hot benzene which dissolves the 
latter. A mixture of glacial acetio acid and 
H 3 SO. liberates the free acid from its sodium -salt 
(Hundeshagen, /. pr. [2] 28, 236). Fat-like 
mass. Beddens moist litmus. The fused acid 
swells up when moistened. SI. sol. hot water 
and dilate acetic acid, insol. dilute mineral acids, 
V. sol. aqueous alkalis, glacial acetio acid, aico-« 
hoi, ether, benzene, and benzoline. Separates 
from hot solutions in a paste-like mass of small 
needles. Heated with dilute acids or alkalis it 
gives glycerin, stearic acid, and phospliovic 
acid. 1 ?b 6 ammonium salt is decomposed by 
heat into NE^'and the free acid. The sodium 
salt melts about 180®; on cooling it mi). diijcs 
to a glassy mass wlrtch swells up in waim water 
forming a mass of globules resembling the mye- 
line condition of lecithin. 

Chloride 0 ,H 5 ( 0 .C„H„ 0 )., 0 .P 0 .Cl 2 . [24®]. 
From di-stearin (4 pts.) and POCl, (1 pt.); the 
product being extracted with ether. The ether 
is then mixed with alcohol, filtered, and placed 
over H^SO. and KOH. Wedge-shaped plates. 
V. sol. alcohol, ether, and benzene. Decomposes 
at 100®, forming stearic acid. Water soon de¬ 
composes it into stearic acid, glycero-phosphoric 
acid, and HCI. 

Neurino salt 

C,H,(O.C,,H„0),O.PO(OH).ONMo,C4H40H. 
Prepared by digesting di-stearyl-glycerophos- 
phoric acid with un alcoholic solution of the 
proper quantity of neurino carbonate. Waxy 
mass. Sol. alcohol. Swells up in warm water, 
forming round globules like the myeline form of 
lecithin. An alcoholic solution of PtGl 4 , 2 HGi 
gives a pp. of neurine platino-chloride only. 
Lecithin (q. o.), on the other hand, gives a pla- 
tino-ohlorideof its own under similar conditions. 

Formyl derivative C,H 5 (OH) 2 (OCHO). 
Monofomiin, Formed by heating glycerin with 
oxalic acid at 190® (Tollens a. Henninger, Bl. 
[ 2 ] 11, 305). Formed also by the action of 
monochlorhydrin upon sodium formate at ICO® 
(Van Bomburgb, R. T. C. 1,186). Decomposed 
on distillation into GO„ water, and allyl alcohol. 

Di‘formylderivativeCsK^{OH){O.C'HO)^ 
Diformin. (c. 165® at 20 mm.). S.G. 1*304. 
may be extracted by ether from the residue 
obtained in preparing formic acid by distilling 
anhydrous oxalic acid with glycerin (Van Bom- 
burgh, C. R. 93, 847). Liquid, soh alcohol, 
ether, and chloroform, insol. CS,. Inactive to 
light. ^Decomposed by water into formic acid 
aiu’; glycerin. Decomposed by distillation into 
water, CO^, and allyl formate. When heated 
with anhydrous oxalic acid it gives off GO, and 
formic acid, and may therefore be an interme¬ 
diate product in the preparation of formic acid. 
When heated'irith glycerin (5 pts.) at 220® it 
gives CO, CO 2 , and aJlyl alcohol. 

Mono^acetyl derivative O^H^Of {.e. 
C,H 5 (OH) 2 (OAc). Mol. w. 134. S.G. 1*20. Ob¬ 
tained by heating a mixture of equal volumes of 
glycerin and glacial acetic acid at 100 ® for a long 
time (Berthelot, A. Oh. [3j 41,277; Berthelot a. 
De Luca, A. Oh. [3] 52, 433). Neutral liquid, 
having a faint ethereal odour. Miscible with 
ether. When mixed with half its bulk of water 
it forms a clear liquid, which becomes turbid on 
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^(lition of u larger quantily of water, by wbioh 
It IS partially decomposed. With alcohol and 
HCl it yields glycerin and acetic ether. 

Di-acetyl derioatioe C,H,A 
C,H,(OH)(OAc)., Diacetin. Mol. w, 170. (280°). 
S.G. -- 1*184. Formed by heating glycerin 
(1 pt.) with glacial acetic acid (4 or 6 pts.) at 
,200°. Liquid; becomes viscid at-40°. Scarcely 
attacked by AcCl (Hubner a. Muller, Z. 1870, 
844). 

Di-acetyl derivative C,H,(OH)(OAc),. 
(252®), S.G. -2 1*148. From opichlorhydfin and 
AgOAo (Laufer, J. 1876, 343). 

Triacetyl derivative CA.O. i.e. 
C,lI,(OAc)j. 

Triacclin. Glyceryl triaoetate. Mol. w. 218. 
(268° i.V.). S.G./ 1*174. S. *8, at 27°. Occurs 
in some fats, as in the oil from the seed of the 
spindle-tree {Emnymm eurapaus) (Sohweizer, 
if. pr, 63, 437). Formed by heating diacetin 
with glacial acetic acid (18 pts.) for 8 hours at 
250°. Formed also by heating s-tri-bromo*pro- 
pane with AgOAo (Wurtz, A. 102, 339). Pre¬ 
pared by boiling glycerin (160 pts,) with HOAc 
(300 pts.) for 40 hours, fractionally distilling the 
prodimt, dissolving in water, and extracting with 
ether (H. Schmidt, A. 200, 99). The rate of 
etherification of glycerin by acetic acid has been 
studied by Menschutkin (B. 13,1814). Liquid, 
sol. dilute alcohol and ether. 

Mono-butyryl derivative C,H„0, i,e. 


Mono-benzoyl derivative 
CsH,(OH),(011z). BenzeAcin. S.G. 1*228. 
Formed by heating benzoic acid with excess of 
glycerin at 200° (Berthelot, A. Ch. [3] 41, 290). 
Thick viscid oil, insol. water, el. sol. CS,, v. sol. 
alcohol and ether. Decomposes at 320°, giving 
0^ acrolein and benzoic acid. 

derivative C,H,(OH)(OBz),. 
[70 ]. From glycerin, BzCl, and dilute NaOlf 
(E. Baumann, B. 19,3221). Long needles (from 
ligroin); insol. water, v. e. sol. alcohol and 
ether. 

Tri-benzoyl derivative 0,H,(OBz),. 
Tnbenzefiem. [74°]. S.G. U 1*228. Obtained 
by heating benzoicin with benzoic acid (12 pts.) 
for 4 hours at 260° (B.). Formed also by heating 
epichlorhydrin with HOBz; or from epibrom- 
hydrin and KOBz at 200° (Van Bomburgh, 
B. T, C- 1, 46,143). Large neemes (from ether). 
V. e. sql. ether, v. sol. boiling alcohol, el. sol. 
ligrom. 

o-Oxy-benzoyl derivative 
0,H,(OH),(O.CO.C.H,.OH). S.G. 1*1366. From 
salicylic acid, glycerin, and HCl at 100® (Gottig, 
B. 10, 1817). Colourless liquid; v. sol. alcohol, 
ether, and CSj. 

Benzoyl^succinyl d6Tivative C,.H,,Oa 
C_;H,{Cj02)0j.C8H,.0Bz. Bcnzosucdnine 
Formed by heating glycerin with benzoic and 
succinic acids at 200® (Van Bemmelen, J. iir, 
69, 84). Soft mass, decomposed by boiling 


C.H,(OH),(9.c6..Pr). ^ S.G.U-LwaWTr arc^hoirmo";:. maTirby 
From butyric acid and glycerin by heating for 3 glycerin, benzoic acid, and succinic acid, 
hours at 200® (Berthelot, A. Ch. [8] 41, 2G1). j Tri-myrUtyl derivative OeALaO. i.e. 
Neutral liquid; mixes with | vol. of water, but I C,Hj(0.0,4H„0),. [65®] (Masino, A. 202, 178); 

[46®] (in Otoba). Occurs in nutmegs (from 
Myristica nwschata)^ from which it may be ex¬ 
tracted by ether (Playfair, A. 87, 165; Comar, 
J. 1859, 366 ; Civiento, 9,185). Occurs also in 
otoba, a fatty substance derived from Myriatica 
Otoba (Uriooechea, 91, 369). Crystallises from 
ether in laminss. Split up by boiling alkalis into 
glycerin and myristio acid* 

Mono'palmiiyl derivative CioH.sO. 
i.e. 0,Hg(0H)j{0.C,,H„0). Monopalmitin. [58®] 
(B.); [63®] (0. a. S.). S. (alcohol) 6-306 at 22-6®. 
Obtained by heating a mixture of glycerin Aid 


on adding^oro water the solution becomes tur¬ 
bid. Decomposed by alkalis and alkaline earths 
into glycerin and butyric acid. Alcohol and HCl 
yield butyric ether and glycerin. 

Di’butyryl derivative 
C,H»(OH)(O.CO.Pr)j. (820®). S.G. U 1*083. 
Formed by heating glycerin with butyric acid 
for several hours at 275®. Liquid. Not solid 
at —40®. Aqueous NH, decomposes it, forming 
butyramide. 

Tri-butyryl derivative C3H,(O.CO.Pr)j. 
(285®). S.G. 1*062. Occurs in butter, along 


(285®). 

with other glycerides. Obtained by heating | palmitic acid for 24 hours at 200®; Itiie product 
raono-hutyrin (1 pt.) with butyric acid (16 pts.) i is shaken with lime-water and extracted with 
ft* oino foi* 4 hours (Berthelot).^ Formed also ether, from which tripalmitin separates first, 


at 240^ 

by boiling glycerin (1 mol.) with butyric acid 
(3 mols.) for 60 hours (Lebedeff, 3. 6, 160). 

Oil, V. soh alcohol and ether. 

MonO’Valeryl derivative 
C,H,{OH)..(O.CO.C,H,). 8.G.-iS 1*100. Fomfed 
by heating valeric acid with excess of glycerin 
for 8 hours at 200°. Mfxes with half its bulk | 
of water, but the solution becomes turbid oni 

further addition of water. Alcohol and HCl I by hating palmitic acid with glycerin for 
form valeric ether and glycerin. •NHjAq gives ! 14 hours at 100° ^.). Tables or needles. Like 
▼aleramide. ! the other palmitms, it is rapidly saponified 


then dipalmitin, and finally monopalmitin 
' (Beithelot; Chittenden a. S^ith, Am. 6. 225). 
Badiating prisms; may be distilled in vacuo, but 
! is decomposed when heated under atmospheric 
. pressure, yielding acrotein and other products, 
j Di-palmityl derivative i.e, 

0,H,(0H)(0.Cj,H„0)3. Dipalmitin. [50®] (B.); 
i j^61°](0. a.S.). S. (alcohol) *210 at 20®. Formed 


Di-valeryl derivative 
0^j(OH)(O.CO.C,^)j. S.G. ifi 1*069. From 
glycerin and valeric acid at 275®. Oil, with 
fishy odour. Becomes semi-soUd at —40®. 

Tri-valeryl^derivative 
C,H,(0.C0.04 H*)j. From glycerin (I pt.) and 
valeno acid (9 pts.) at 220®. Oil; sol. alcohol 
and etb^. Ocoors in the oil of Delphinue 
globiccpa (Clicvreul). 


water and FbO at 100®. 

Tri-palmitul derivative 05,H„O« i.e, 
0,H4(OC„H„0),. Tripalmitin. MoL w. 806, 
[6f®]. S. (alcohol) *0043 at 21®. Occurs m 
those natural fats that yield nalmitic acid on 
saponification {v. Fats and acwb). Obtained 
from palm oil by expressing the liquid portion, 
washing the residue with boiling alcohol, and 
or^iallising it from ^hec (Stenhouse, A, d6, 
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54). It may be mrmed by heating monopulmitiii 
(1 pt.) with palmitic acid (10 pts.) for 28 hours 
at 250° (Berthelot). Crystalline mass, v. si. sol. 
alcohol, V. e. sol. ether. According to Duffy 
(C. J. 5, l'J7) some varieties of natural palmitin 
moit at 40°. 

Mono-tieafyl derivative i.a. 

C,Hj(0H),(0.C,«H„0). Mimosteann, [62°].' 
Prepared by heating stearic acid with excess of 
glycerin at 220'^ as long as the former increases 
in volume. The upper layer is recrystallised 
fron) alcohol and ether (Berthelot, A. Ch. [3] 
41, 221; F. Hundesbagen, J. pr. [2] 28, 226). 
Dendritic groups of needles. Beadily soluble in 
warm alcohol and ether. May be distilled in 
vacuo. Easily saponified by alcoholic potash. 
Gives oft acrolein when strongly heated. 

Di-stcaryl derivative i.e» 

C,Hj(0H)(0C,JH5,0)j. Di-steann. [77°]. 8. 
(alcohol) ’7 at 78°. Prepared by heating mono¬ 
stearin with the calculated quantity of ntearic 
acid at 180° as long as water is evolved. Crys¬ 
tallised from alcohol and then from benzoline 
(Berthelot; Hnndeshagen). Clumps of glitter¬ 
ing plates (from alcohol); or small spheroids, 
formed of radiating clusters of minute needles 
(from ether, ligroin, benzene, and CHCl,). 
Saponified by alcoholic KOH. Metallic de¬ 
rivatives. — C3H80,(C,^H8,0)20NH^. From 
NH, and an ethereal solution of di-stearin.— 
C.H Oa(0,gH,jO),ONa. Acetyl derivative.— 
A(0,»H8,0 ),Ac. [30°]. 

Tri’Stearyl derivative Cj,H,,jO, i.e. 
0,Hs(O.C,8H,jO)3. Tristeann. Stearin. [55°] 
and [72°]. S.G. (liquid) *925 at 66°. Occurs in 
many fats, especially in the solid tallows and 
lards from animals (Ghevreul, Becherches sur les 
corps gras ; Braconnot, A. Ch. 93,225; Vogel, 
A. Ch. 68, 154; Lecanu, A. 12, 25; Liebig a. 
Felonze, A. 19, 264; Bedtenbocher, A. 35,195; 
Francis, A. 42, 254; Arzbaoher, A. 70, 239; 
Heintz, P. 84, 221; Duffy, G. J, 5,197, 303; 
Berthelot, Ohimie Organique^ 2, 52; A. Ch. 
[.3] 41, 216, 432; 47 297; Kopp, A. 93, 194; 
Bouis, C. B. 45, 35; Bouis a. Pimentel, 0. B. 
44, 1355). It is very difficult to free stearin 
from palmitin by fractional crystallisation, but 
it ^nay be obtained from the fat of the seeds of 
Brindmia indica. Best prepared in a pure state 
by beating monostcarin (1 pt.) with steario acid 
(18 pts.) at 270° for 3 hours (Berthelot); or by 
heating glycerin with stearic acid for 24 hours 
at 200° (Heintz, Af 92, 300). Pearly nodoies or 
lamitue and slender needles. V. si. sol. cold 
alcohol, V. sol. boiling alcohol, v. e. sol. ether. 
Has no taste or odour. May be distilled in vacuo. 
When heated it melts at 55°, but when farther 
heated it becomes solid again, and finally melts 
at 72°. These two melting-points are lowered 
by impuritieB, thus when stearin has been t 
prepared from fats they may bo 62° and 62° 
respectively. According to Dufly this pheno¬ 
menon may be explain^ by assomi^ the exist¬ 
ence of three modifications of stearin. 

^ ArachyI derivative C^4,Ofi.e. 
Ot'^iOEUOCj^O). From arachio acid qnd 
glycerin (Berthelot, A. Ch. [3J 47, 355). 
Granules, v. si. itol. cold ether. 

Di-arachyl derivative C4tH,405 ie. 
0,H.fOH)(OCs^O),. [76°]. Slender groins. 
V. si sol. ooloether. 


Tri’arackyl derivative is. 

0 ,H,(O.OjoH 3»0),. Trianichin. Occurs in the 
kernes of Nephelium lappacewn, and probably 
also in butter and in the oil from the ground nut 
(Arachia hypogaa) (Goldsohmiedt, J. 1877,728; 
Site. W. [2] 74, 394; Oudemans, Z. 1867, 256; 
Gdssmann, A. 89,1). SI. sol. ether. 

MonO’Oleyl derivative O31H40O4 t.e. 
O,H,{OH)a{O0„H3,O). Mono-oUXn. S.G. « 
*947. Formed by heating oleic acid with excess 
of glycerin for 18 hours at 200° (Berthelot). 
Oil; may be solidified. 

Di-Qleyl derivative C^l{.i0^i.e. 
0,H3(0H)(0C„H„0),. S.G.W-921. Oil. 

Tri-oleyl derivative G4 ,H,o,Oa i.e. 
C3H5(OC,hH330),. Tri-olein, OUin. The chief 
constituent of fatty,oils; occurs also in solid 
fats. May be fenced by heating glycerin with 
excess of oleio acid at 240° (Berthelot). Oil. 
May be distilled in vacuo. Decomposed by <lis- 
tillation under atmospheric pressure, n-hexano 
and n-heptane being among the products (Engler, 
B. 22, 694). Slowly saponified by water and 
PbO at 100°. V. si. sol. alcohol, v. e. 
sol. etfier. Cone. H^SO, converts it into oily 

/O.CO.CH:CH.O,.H„ 

0,H,f O.CO.CH(S04 H).CHj.C,,H„ (Turkey red 
\0.C0.CH(0H).CH3.0 ,jH„ 


oil) (Geitel, J. pr. [2] 37, 86). Nitrous acid con- 
verts it into the isomeric solid elaulin,a crystal¬ 
line substance, almost insol. alcohol, v. 0. sol. 
‘•ther, melting at [3B°] (Duffy, C. J. 6, 197). 

Qlycero-tartaric acid CjHjjOr i.e. 
C,H,(OH)3.0.CO.CH(OH).CH(OII).CO,H. 
Formed by heating equivalent quantitie.i of 
glycerin and tartaric acid to aboui 150° (Berze¬ 
lius, Handbuch\ Des Plats, C. B. 49, 216). 
Semi-solid mass; insol. ether, y. sol. alcohol, 
slowly resolved by water into glycerin and tar¬ 
taric aoid. -CaA', 3aq: deliquescent amorphous 
mass.—BaA'j. 

Olycero-di>tartarie acid G„H„0,8i.e. 
CA(OH).(O.CO.CH(OH)Ofl(OH).C03H),. From 
glycerin (1 pt.) and tartaric acid (1 pt.) by heat¬ 
ing at 100° for 50 hours. An acid C,,H,,0 ,m is 
formed at the same time. 

GlycerO’tri-tartaric acid C,JLjO„. 
Formed by heating glycerin (1 pt.) with tartaric 
acid (20 pts.) at 140°. Tetrabasic acid. * 

Mono-ethyl ether C^HjjO, i.e. 
C,H3(0H),(0Et) or CH,(OH).Cfl(OH).CH,OEt. 
(226°-230^. Formed by heating ohlorhydrin 
with NaOEt at 200°, treating the residue with 
we ter, then with K,CO„ agitating with ether, 
and firactionally distilling the extract (Reboul, 
A. Ch. [8] 9,5). Liquid,, sol. water, but separated 
therefrom by ^CO,. 

Di-etkyl ether OjEjy,i.e. 
OH,(OBt).CH^pH).CH3(OEt). (191^. S.G. *92. 
Formed by the action of NaOEt on diohlorhydria 

« ; or by heating glycerin with KOH and 
srthelot). 

Tri-ethyl derivative 
0,Hj{OEt)~ TriethyUn. (180°-190°). From 
the ptecemng by snooessive treatment with P01| 
and NaOEt (Beboal Lonrenqo, G. B. 52,4^). 
Oil. 

Jsoamyl derivative OaH,|0| i.e. 
OA(OH),(00,H„). lioamyUn. (261°), &G. 
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•98. rormed by heating OHj.OH.CHi.O.O,E„ 


with water for some hours at 200” (Boboul). 

J„HaOj ie. 
*907. Prom 

0,.H*,0,».«. 
S.G. '92. 

. _essive treat- 

■ment with fuming HQ and NaOEt. Oil. 

Mono-allyl derivative i.e, 

p,H.(OH),(O0,H,). (240”). 8.G. a 1-116. *Occurj5 
in the syrupy liquid left in the preparation of 
allyl alcohol by heating oxalic acid with excess 
of glycerin (Tollens, B. 5, 68; A. 166, 140). 
Liquid, m. sol. water. Br fofms oily CaH.jBr^jO,, 

Truallyl derivative cJjHjoOa i.e. 

Tri-allylm, (232®). From 
glycerin, allyl iodide, and KOH (Berthelot a. 
Do Luca, A. 100, 361). 

Di-phenyl derivative C.-H.-O, i.e. 
CH,(OPh).CH(OH).CH2(OPh). [81®]. Formed 
by adding s-dichlorhydrin (70 g.) to phenol 
(100 g.) and KOH (60 g.) (ROssing, B. 19, 64). 
Pearly plates (from alcohol). Insol. water, m. 
sol. alcohol, V. e. sol. ether. When heated with 
AoCI (1 mol.) it gives 0,sH,jAcOa [71®], but with 
4 pts. AcCl it forms liquid CjjHjDa. In like 
manner BzCl (1 mol.) forms C,jfi,iBzO, [67®] 
but boiling BzCl (7 pts.) forma oily 
Forms a stable sodium derivative G,(H,jNaOg. 
On sulphonation it gives the disulphonio acid 
CH(OH)(CH20.C,H,.S03H)„ of which the salt 
K.^A" 2aq is v. sol. water. 

Di-nilrO’phenyl derivative C^,oNjO, 
U. C,H4(t)H)y0C,H,(N02)j. [0.83°]. From 
cliloro-m-di-nitro-benzene, glycerin, and KOHAq 
(Willgcrodt, B. 12, 764). 

Bemylidinc derivative 

CaHj.CH^^^C,Hj.OH. From glycerin and 

benzoic aldohyde at 200® ^Harnitzky a. Men- 
schutkin, A. 136, 127). OU. Decomposed by 
water. 

u-Chlorhydrin CjH^ClO, i.e. 
CH,Cl.CH(OH).CH,OH. 

OhlorO’prc^kne glycol. Mol. w, llOi. 
(218®) (Hanriot). S.G. s 1-338. Formed, to- 
getber ^th smaller quantities of the isomeric 
ClI^(OH).CHCl.CH;,OH, by saturating glycerin 
with HCl and keeping the liquid for some hours 
at 100® (Berthelot, A. Ch. [8] 41, 296). Fornind 
also by heating epichlorhydrin with water 
(Reboul; Hanriot, A. Ch. [6] 17,62). • ^ 

Preparation. —The product of the action of 
dry HCl on damp glycerin in sealed tubes at 
100° is <R8till6d under 18 mm. pressure, the 
u-chlorhydrin passing over at 139°, the $-iso- 
meride at 146® (Hanriot). Ther^is obtained 
about 16 times as muon of the u- as of the 
s-ohlorhydrin. 

Properties. — Liquid, miscible with water, 
alcohol, and other. Unless quite free from HOi 
it suffers condensation when distilled. 

Beactions. —1. Sodium amalgam reduoes it 
to propylene-glyool (Lourenqo, 0. B. 52, 1048 ; 
Buff, Si. [2] 10, 123).—2. Potassium cyanide 
forms a nitrile which is decomposed on distilla- 
tton, hut is converted by boiling with dilute 


imyl 

C,Hj(OH)(OC,H„)j. (273°). S.G. 2 
diohlorhydrin and NaOOjH,,. 

Ethyl-isoamyl derivative 
O,H3(0H)(0Et)(003H„). (239®). 

From the mono-isoamvlin bv suce 


HNOa into di-oxy butyric acid (Haniiot, 0. B. 
86,1W9; Bl. [2] 27,266).—8. acting on 

its ethereal solution forma small quantities of 
glyoide and epichlorhydrin.— 4. When heaieu 
with an aqueous solution of trimethyla/mine in 
sealed tubes it yields C8H5(OH).,NMe,01 and 
CsH3(OH)jNMeH2Cl. The former gives a orys- 
t»lbne platinoohlorido (0,H.{OH)jNMe,Cl)JPt01, 
andanrochIorideC.H,(OH)^Me,AnCl4 (Hanriot! 
V. Moyer, .Z. [2] 5, 439). 

Di-nitrate CH,Cl.CH(O.NO,).CH,(O.NO,). 
S.G. 5 I'SH. From ehlorhydrin, H-SO,, and 
HNO, (Henry, A. 155, 164). r 

Di-formyl derivative 
CH2aCH(0CH0).CH,(0CH0). (186°-195®) at 
22 mm. Formed from the ehlorhydrin by heat¬ 
ing with nitro-aethane at 180® (Pfungst, J. jir, 
[2] 34,36). 


^Acetyl derivative CjH,(OH)(OAo).CHXl. 
(250®). AceiO'Chlorhydrin. Formed, together 
with diohlorhydrin, by passing HCl into a mix-^ 
ture of •acetic acid and glycerin at 100°; also,* 
together with the following, by the action of 
AoCl on glycerin (Berthelot a. De Luca, A. Ch. 
[3] 52, 433). From epichlorhydrin and HOAo 
at 100® (Reboul, A. Suppl. 1, 232). 

Di-acetyl derivative 
CH,(OAo).CH(OAc).CH 2C1. (245°). S.G. * 
1*243. From acetyl chloride and a mixture of 
equal volumes of glycerin and HOAo (Berthelot 
a. De Luca, A. Ch. [3] 62, 401; cf. Franohi- 
mont, R. T. 0. 1, 43). Also from epiohloi;$, 
hydrin and AcX at 180°, a compound C„H„C10, 
*(240® at 20 mm.) bring formed at the same time 
(Truchot, A. 138, 2H9). 

Di-palmityl derivative 
0,H,0I(OOhH 3,O)2. [44°]. From glycerin and 
palmityl chloride (Villier, B. 9,1933). 

Stearyl derivative 

0,H,CI(Om(OC„H„0). [28®]. Produced by 
passing HCl into a mixture of stearic acid and 
glycerin (Berthelot). 

Benzoyl derivative C,H,Cl(OH)(OBa). 
[-40°]. From glycerin, JIOBz, and HCl (Ber¬ 
thelot, A. Ch. [3] 41, 802). • 

Ethyl derivative 

CH2C1.02H,(0H)(0Et) ? (188°). From epi- 
ehlorhydrin and HOEt at 180°. Formed also from 
CH,.OH.CH.OEt and HOI (Kobotd, A. Suml.\, 

V 

0 

236). 

Isoamyl derivative 

CHC1.C.H,(0H)(0C3H„). (266°). S.G. 8Q VO. 
Formed from epichlorhydrin and isoamyl alco¬ 
hol at 220® (ReWl). 

5 - ehlorhydrin CH2(0H).CHC1.0H2(0H). 
Chloro-trimethylene glycol. (145® at 10 mm.)* 
S.G. ^ 1*828. Occurs in small quantity among 
Sthe products of the action of HCl on glycerin 
at 100®, and may be isolated by fraotionm dU- 
tillation in (Hanriot, 0. B. 86, 11S9; 
A. Ch. [6] 17, 73). Formed also by the action 
of HOCl on allyl alcohol (Henry, A. 166,822). 
piquid, resembling the u-isomeride. It has a 
great tendency to form polyglyceric derivatives.* 
'Acetyl derivative • 
OH,(OH).OHCI.CH2(OAo). (234®). S.G.*1‘97. 
From allyl acetate and HOOI. 

Ethyl derivative 

OH,{OH).OHClCH,(OEt). (183®). EO. U 



m 
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M17. From «thyl allyl oxide andHOCl (Lauch» 
a 18,2287). Thick liquid. 

Di-^thyl derivative , 

OH,(OEt).CHCLOH,(OEt). (184®). S.G. ^ 
1*005. From di-ethyl-glycerin and PClj (Roboul 
a. Lourenqo, A* 119,287). 

DloMorhydrina v, Di-ohlobo-propyl alco¬ 
hols. 

Chloro - bromhydrins QH2Br.G^,Cl(OH). 
(198®). S.G. ia 1*740. From ally! bromide and 
HOC! (obtained from chloride of lime and boric 
acid) (Lauch, B. 18,2288). Also from epichlor- 
hydrin and HBr and from epibromhydrin and 
HCl (Reboul, A. 1, 225). Liquid. Cone. 

KOHAq gives epichlorhydrin. 

Aeetyl derivative OjHJBrC^OAo). 
(228®). From glycerin, AcCl, ond AoBr (Ber- 
thelot a. De Luca, A. Ch. [3] 62,462). SI. sol. 

Ethyl dfiriuaftve CsHjBrCl(OEt). (187®). 
From epichlorhydrin and EtBr (Reboul a. 
Louren^o, A, 119, 238). 

Bromhydrin C,H,BrO, i^* 
CH,(OH).CHBr.OH,(OH)? (180® at 10mm.). 
Formed by adding glycerin (600 g.) in small por¬ 
tions to liquid bromide of phosphorus (560 g.), 
the liquid being kept cool and the product after 
24 hours fractionally distilled in vacuo (Berthe- 
lot a. De Luca, A. Ch. [3] 48, 304; 52, 433). 
OU, sol. ether. In its preparation there is also 
formed Cgl^rO (below 200®) and crystalline 
C^»BrnP which is not affected by aqueous KOH 
at 100®' _ , , . 

Acetyl derivative OsHsBr(OH)(OAc)^ 
(170®-180°) at 10 mm. Prepared by the action 
of AoBr (1*6pta.) on dry glycerin (l-2pt8.) the 
crude prc^uct being distilled under 10 mm. pres¬ 
sure; the yield is good (2*2 pts.) (Hanriot, A.Ch. 
[5] 17, 84). Reduced by the copper-zinc couple 
to tri-methylene glycol. 

Di-ethyl derivative 0,HjBr(OEt).^. 
(196®-205®). S.G. S 1*258. From di-etliyU 
glycerin and PBr. (Henry, B. 4, 704). 

Bromhydrin C,H,Br02 i.e. 
CH,(0H).CH(0H).Cil2Br. (138® at 17 mm.). A 
prodoot of the action of Br on allyl alcohol in 
presence of water (Fink, M. 8, 661). By the 
action of HBr on dry glycerin, Veley [C. N 47, 
obtained a bromhydrin (160®) at 60 mm.; 
8.G. T 1*717. 

Di-brornhydrins v, Di-dromo propyl alco¬ 
hols. 

Tri-bromhydrin v. Tri-bromo-propane. 
lodhydritt C^,(OH)4l. S.G. ^ 2 03. From 
chlorhydrin and KI (Beboul, A. Ch. [3] 60, 5). 
Dl'iodhy&rin v. Di-iodo-propyl alcohol. 
Chloro-iodhyd^ v. <?hloro-iodo-pbopyl alco¬ 
hol. 

Methyl derivative CgHjClI(OMe). (c. 
200®). Formed by heating epichlorhydrin (? 
mol.) with Mel (1 mol.) at 190®; the yield being 
20 p.o. of the theoretical (Baal, B. 21, 2971)* 
Oil, volatile with steam. 

Ethyl derivative 0|HjClI(OEt). (200 - 

210®). ^ L. 

Isopropyl derivative 0,H,01I(0Pr). 
(208®-212®). ' . 

n’Propylt derivative C|H4ClI(0Pr). 
( 200 ®- 210 ®). 

Diglyceriii i.e. 

0^g(OH)rO.CA(OH)r PyroglyccHn. (220®- 


230®) at 10 mm. When glycerin, diluted with 
one-third of its bulk of water, is saturated ai 
100® with HOI, then mixed with an equal bulk of 
glycerin, end heated with inverted condenser for 
13 hours at 120®, there is obtained a mixture of 
dichlorhydrin, diglyoerin ohlorhydrin, diglycerin 
diohlorhydrin, diglycerin, and triglyoerin; these 
may be separated by fractional distillation in 
vacuo (Lourenpo, C. R. 62,869). Thick liquid, 
insol. ether, si. sol. cold, v, sol. hot water, mis- 
oible with aloohol. 

Mono-stearyl derivative 
0,H,(0.0„H,g0)(0H).0.0gH,(0H)2. [about 30®]. 
Formed by heating glycerin alone for some time 
and then with steario acid for several days at 
240®. Crystallised from aloohol (Hundeshagen, 
J. pr. [2] 28, 262). Wax-like solid, sol. ether. 
Readily sapooiffe^ hy aloohoHo potash. 

Tri-ethyl derivative i.e, 

C,Hg{0H){0Et).0.0,H„(0Et)j. (o. 290®). S.G. 

1*90. Formed, together with di*ethyl- 
glycerin and tetra-ethyl-triglycerin, by the 
action of NaOEt on epichlorhydrin (Roboul a. 
Lourenqo, 0. B, 62, 401). Liquid, sol. water, 
alcohol, and ether. Ppd. from its aqueous solu¬ 
tion by KgCOg. 

Diglycerin chlorhydrin 0,H,,C10|. 
(270®). Formed together with diglyoerin dichlor- 
bydrin C^HijCljO^ by heating glycerin saturated 
with HCl. By heating either chlorhydrin with 
alcoholic KOH at 100® there is formed pyro- 
glyoide (245®-256®). This body is 

also got by heating polymerised glycide acetate 
with NaOH (Breslauer, J. pr. [2] 20, 193). It 
is miscible with water and ^cohol. 

Di-ethyl derivative of diglycerin 
chlorhydrin O.oHjjClOi 
O0,H,„(OH)(OEtjgCl. (286®). ffG. ^ 1*11. 

Formed by heating di-ethyl-glycerin with epi- 
ohlorhydrin at 200®. Formed also, together with 
ethyl- and di-ethyl-chlorhydrin, by heating 
epichlorhydrin with alcohol at 200®. Liquid, 
si. sol. water, miscible with aloohol and ether. ^ 

Acetyl derivative of diglycerin tri» 
chlorhydrin O^jsClgOg M. OCflH,o(OAo)Cl*. 
(190®) at 20 mm. A product of the action of 
AcCl on epichlorhydrin (Truchot, A. 140, 245), 

Triglycerin i.e. 

C,H,(OH)g.O.O,H,(OH).O.C,Hg(OH)r (276®- 
285®) at 10 mm. Formed as described under 
diglycerin. Thick liquid. 

Tetra-ethyl derivative of triglycerin 
C„H,eO, i.e. C,H,A(OH)(OEt),. (200®) at 10 
mm. S.G. ^ 1*02*2. A product of the action of 
NaOEt on epichlorhydrin. Liquid, sol. water, 
alcohul and ether. 

Acetyl derivative of triglycerin 
tetra • chlorhydrin 0,,HnCl404 i»e» 
0,H, A(OAc)Cl4. (^603 at 20 mm. From 
epichlornydrin and AoCl at 100® (Truchot, A» 
140,246). ^ 

Mexaglycerin bromhydrin 
C|,tt„BrO,. One of the prodnete of the action 
of PBr, on glycerin. Crystalline. 81. sol. boiling 
ether. 

Ihioglycerin 0,H,O.S i.e. O.Hj(OH)i(SH). 
MoL w. 108. 8.G. — 1'29S. From ohlorhydrin 
end boiling aloohoiio KSH: the piodnot ia 
acidified and evsporotud below 60° (Carius, A, 
122, 78; 124, 222). Thick liquid; T. si. sol. 
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w*tor, insol. ether, taisoible with alcohol. 
Keeota like meroaptan with metallic oxides and I 
Baits. Decomposed by heat into water HaS and 
tbiop^roglyoide C,H,jO,S an amorphous 
body, insol. water and ether, el. sol. boiling | 
aloohol. Nitric acid oxidises tbioglycerin to 
0,H,(OH),SOaH. — Hg(0,H,Oj8),: [60‘>-60'‘]; 
white powder.—Pb(0,H,0,S)j: [o. 80°]; yellow 

pp. 

• Dl-thio-glycerin 0,H,08, 

0,H,(0H)(SH)a. Mol. w. 124. S.G ^ 1-842. 
From S'dichlorhydrin and alcoholio KHS 
(Carius). Thick liqnid, insol. ether, n si. sol. 
water, t. e. sol. alcohol. Split np on distilla¬ 
tion into water, H,S, and trithiopyroglycide 
C,H,.,08,. HNO, forms an acid C,H,jS,0,,.— 
HgC,H,OS, [c. 90°). — PhC,H,08g: yellow 
powder. ■* 

Trithioglyoeria C,H,S,».«. 0,H,(SH),. Mol. 
w. 1^ S.G. — 1-391. From s-triohloro-pro- 
pane^id alcoholio KSH (Carius). Liquid, m. 
sol. alcohol, insol. ether and water. Split up by 
heat into H,8 and dithioglyoide 0,H,S(SH).— 
Oa,fC,H,8.)..-Pb,(O.Ha8,)a.-Ag3C,HaS.f 
OLTCEBOL V. Gnicxera. 

OLYCEBOSE v. GnycKBiH, Reaction 6. 
OLYCEBYl. The triyalent radicle 0,H,. 
OLYCEBYL BOBATE 0,H,BOs. Formed by 
besting glycerin with 8,0, (Sohiil a. Beohi, Z. 
1866,147). Glassy mass resolved by hot water 
into glycerin and boric acid. Not affected by 
bailing alcohol. 

OLYCEBYLOABBAMATE 0,H,(0.C0.NH,),. 
[216°]. From chloroformamide and glycerin 
(Gattermann, A. 244, 42). Needles (from 
HOAo). Insol. most solvents. 

OLYCJ5EY1 CHIOBIDE v. TKi-CHLOEO-rno- 

SAMa. 

GIYOEBYL TBI-PHENYL-TBI-CABBAMATE 
C,H,(O.CO.NHI’h),. Piiciiyl-carbamic-glyceride. 
Formed by heating glycerin (1 mol.) with 
phenyl oyanate (8 mols.) (Tessiner, B. 18, 968). 
White powder or fine needles. Sol. alcohol, 
acetone, ether, and chloroform, si. sol. water and 
benzene. By heating with Ba(OH), and water 
to 160° it yields glycerin, aniline, and BaCO,. 

OLYCEBYL SULPHOCYASIDE i.e. 

CJI,{S0y),. [126°]. S. (alcohol) -26 at 13°. 
From s-tri-bromo-propane and alcoholio KSCy 
at 100°4Henry, B. 2,637). Small brittle needles 
(from aloohol). Insol. water, v. sol. boiling alco¬ 
hol. Gives off HOy when heated. 

OLYOIDAmNE CJI,NO ».«. 
OHyOH.CH,NH,. Oiyceramim. Formed, toge- 

^0 * 

ther with ‘ diamidohydrin ’ 0,H„NjO by the 
action of alcoholic NH, on s-dichlorhydrin 
(Claus, A. 168, 29).—BHOI; crystals, ppd. by 
adding ether to the alcoholic solaljipn; very hy 
grosoopio.—B',ftPtCl.; transparent needles. 
OLYOIO ACID V. Gnucio acid. 

OlT0IDBO.H.O.t.«.O<gg»oH^OH, 

(B.); (167®) (H.). S.G. ^ 1*165. Prepared by 
adaing powdered oauatio soda (bat not potash) 
to an otherejU solution of its acetate (Breslaueri 
J. pr. [23 20,192; cf. Gegerfelt, BL [2] 23,160). 
Obtained by the acdoa of BaO (28 g.) upon ohlor- 
hydrin (48 g.), diwolved in ether (60 g.) (Hannot, 
VoL. It 


C. li. 88, 387). Mobile liquids miscible with 
water, alcohol, and ether. Heated with water 
it forms glycerin. Beduces ammoniacal silver 
nitrate in the cold. In presence of glycerin it 
rapidly forms products of condensation. Dilate 
HNO| forms glycerin mononitrate. Distillation 
wth KHSO^ gives aoroldn. 

« Acetyl derivative 

0<OaCH,.OAj- (166°) (B.) 1(169°) (G.). S.G. 
^ 1*129. Obtained by beating dry powdered 
potassio acetate with an equivalent quantity of 
epichlorhydrin over an oil bath, the temperature 
of which is slowly raised from 110® to 150®. 
After 20 hours the mass is extracted with ether 
and fractionated. An isomeric liquid (260®). 
S.G. 1'204 io got as a by-product (Broslauer). 
Reduces ammoniacal AgNO,. 

Ethyl derivative 0<ch!cH,.OE». 
(129®). S.G. ta '94, Formed by the action of 
KOH bn the ethyl-chlorhydrin derived from 
ethyl ally! oxide and KOH (Beboul, A. Ch. [8] 
60, 5; Henry, B. 5, 449). Liquid, sol. water. 
ReadUy combines with HCl. PCI, gives 
0,H,Cla(0Et). 

Isoamyl derivative 0,H.02.GjH„. 
(188®). S.G. ‘90. From isoamyl-ohlorhydrin 
and KOH. 

Pyruvyl derivative C^Jl^0^i.e, 

0<^H:CHrO.CO.CO.CHr 
(J.). (260®). Formed by beating equi-moleoular 
' proportions of glycerin and glyceric acid at 120®, 
and crystallising the pr<^aot from alcohol 
(Erhart, M. 6, 611). Formed also by distilling 
glycerin with tartaric acid (Jowanowitsoh, M. 6, 
467). Needles, sol. hot water, but slowly saponi¬ 
fied thereby, sol. alcohol, benzene, and ether. 
Monoclinic: a:5;c = 1*48:1: *77 ; 3 "106® 83'. 
Readily saponified by alkalis, alkaline earths, 
and their carbonates. Bromine forms di-bromo- 
pyruvic acid. Sodium-amalgam gives lactic 
acid. It forms the following salts which are de¬ 
rived from its hydrate CflHfoOj.—KCgH^O,: silky 
needles. ~ Ca(O^Oj), 2aq. — Cu(0,H,0jt 8aq t 
blue crusts.—Ag0sH,O,: needles. 

GLYCIDIC ACID 0iH40, i.e. , 


0<CH.CO^. Oxy-acrylicacid. 

Formation.—1. By the action of alcoholio 
KOH on tlie o-ohloro-fl-oxy-propionio Mid that 
is formed by the union of aortic acid with HOOI 
(Melikott, B. 13,271 i 14,939).—2. In like man- 
ner from the isomeric fi-chloro-a-oxy.propionio 
aoid (Erlenmeyer, B. 13,458). 

fVwrto.—Liquid, miecible with water, 
aleoho!) and other. Slowly combines with water, 
becoming glycerio aoid. Its caloinm salt 
readily takes up water, changing to oaloinm 
glycerato. Cono.^ClAq forme 8-ohloto-«-oxj- 
propionio aoid. 

Salts.—NH.A'.—KA'jaq; small prisms.— 
NaA'4aq.—ZnA'jSq; amorphous.—A^': tti. 
tnetrio tables; wnen its ^ueona sclution i% 
boied it deposits a silver mirsor. 

Ethyl ether BtA'. (162° unoor.). S.G. 

1-0988. From silver i8-chloto-«-oxy-i»o- 
pionate and EtI (Melikoff, B, 21, 2069), Oil { 
smelling somewhat like malonio ether. 

8 8 
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HomelognM ^ glyddie «oid v. Mrthtl- 

OLtCIDXC AOXD. 

GLTCUTE V. GlyoooolZi. 

OLTCO.DI-A]fIDO.BEHZOIO ACID 

co^.o,h,(nh)AH,o04. 
Formed by heating a cone, aqueous solution of 
glucose (3 mols.) and diamido«benzoio acid (1 
mol.) for some hours at 90*^ (Griess a. Harrow, 
B. 30,2210). Small silvery plat^ (from water); 
V. bI. sol. cold water, nearly insol. alcohol and 
ether. Decomposed by melting. Not affected 
by boiling with aqueous HCl or baryta. Strongly 
dextrorotatory.—BaA'j (at 100®): amorphous.— 
HA'HGl: small plates; v. e. sol. water and 
alcohol. 

GLYCOCHOLIC ACID 0„H„N0.. S. *33 in 
the cold; -83 at 100® (Strecker);«033 at 20®; 
•86 at 100® (Emich). S. (ether) *093 at 20®; S. 
(benzene) *009; S. (CHCl,) -Oil. [a]„ = 29'9® 
(Hoppe, 0. C. 1859, 65). Occurs as sodium salt 
in the bile of animals, and in ox-bile it is accom¬ 
panied by sodium taurocholate, cholcstorin, pig¬ 
ments, Ac. (Gmelin; Strcckcr, A. 65, 9; 67,1; 
70, 161, 166; Emich, M. 3, 326; M. 4, 108; 
Gorup-Besanez, A. 157,286). 

iVfi2wrafion.—1. The pp. formed in fresh ox- 
bile by Pb(OAo)t is treated with boiling (85 p.o.) 
alcohol, and the hot filtrate decomposed by 
mixed with water and set aside to crystallise.— 
2. Fresh ox-bile is evaporated to dryness over 
the water-bath; the residue is extracted with 
cold alcohol, and the filtrate mixed with a little 
ether. After some time the liquid is decanted 
from the sticky deposit, and more ether is added 
when the mixed sodium salts (Plattner’s * crys¬ 
tallised bile') slowly deposit. They are dissolved 
in water ana dilute H^SO, added, whereupon 
glyoocholio acid slowly crystallises.—3. The 
readiest way of obtaining glycocholic acid con¬ 
sists in covering fresh bile in a tall cylinder with 
a layer of ether, and adding 2 o.c. of cone. HCIAq 
for every 50 c.o. of the bile. The whole then 
usually solidifies after a while to a crystalline 
pulp of glyoocholio acid, which may be re-orys- 
tallised from water (Hofner, J.j>r. [2] 10, 267). 
In this experiment the bile of castrated oxen 
and of calves does not crystallise; of other oxen 
it adways crystallises; the bile of cows usually 
orystallisea (Hiifner, J. pr, [2] 19, 302). Bile 
which when mixed with ether and HCl produces 
a crystaUine pp. of glyoocholio acid, contains in 
100 pts. of mixed taurochoUo and glyoocholio 
acids from 71 to 88 pts. of the latter acid, while 
bBe which does not'produce such crystallisation 
eontains only from 47 to 57 pts. of glycocholic 
acid to 53 and 43 pts. of ta^irocholic acid respec¬ 
tively (G. Hiifner, J.pr. [2] 25, 97). Neverthe¬ 
less it cannot be held that taurocholio acid 
hinders the crystallisation of glycocholic acid, 
because a solution containing even 7 pts. of pure 
sodio taorooholate to 1 pt. of pure sodio glyco- 
cholate gives crystallisation ^en treated with 
HOI and ether. The cause of non-crystallisation 
is therefore not yet explained (H«).—4. According 
to Marshall {H. 11,233), the qaiokest method of 
obtaining glyoocho)m acid in colourless crystals 
is as follows :~A crop of hydrochloric acid is 
added to fresh bile; the mixture shaken and 
filtered; ethyl ether and hydrochloric acid are 
then added to the filtrate; the mixture shaken 
and i^owed to remain, llie crystals formed are 


colleoted on a filter, washed with water holding 
hydrochloric acid and ether in solution, and dricci 
in the air. By re-crystallisation they are ob¬ 
tained perfectly colourless. 

PropertUs. —Bulky groups of slender needles, 
y. b1. sol. water, v. e. sol. alcohol, v. si. sol. other 
solvents. Its aqueous solution has a sweet and 
•slightly bitter taste. It reddens litmus. It is 
readily soluble in ammonia, aqueous alkalis, and 
baryta-water; the addition of acids to those solu¬ 
tions reppts. the acids in a resinous form which 
slowly becomes crystalline; this change is rapidly 
brought about by ether. The free acid and its 
salts are dextrorotatory. It is antiseptic. By 
heating above 140® it is converted into glyco- 
oholonio acid CjaH^iNOj. With sugar and cone. 
H^SO^ it gives on warming the crimson colour 
characteristic of Pqtfcnkofer’s test (v. Bilk). 
Solutions of glycocholic acid are not ppd. by 
gelatin (Maly a. Emich, M. 6, 95), 

Peactio7is.—l. Boiling aqueous KOHs^iM it 
up into glycocoll and cholic acid 1P>il- 

ing barykv-xoatcr cliccts the like hydrolysis.—2. 
Cone. HCIAq and cone. dissolve it in the 

cold, and "water reppts. it from these solutions, but 
the boiling acids deposit oily drops of glyco- 
cholonio acid which solidify after a while.—3. 
Boiling dilute HCl forms oholoidic acid.dyslysin, 
and glycocoll.—4. Nitrous acid vapour passed 
into its solution forms * chologlycollio acid ’ 
OjoH^jO, (Lang, Bl. [2] 26, 180). This acid is 
amorphous, but forms a crystalline barium salt 
Ba(CjoH,iO,). 3aq. —6. When mixed with HOAo 
k'nd H^SO, and heated it forms an orange colour¬ 
ing matter possibly related to the bile-pigments 
(Michailoff, B. 17, 444, Ref .; J. R. 1884 [1] 
584).—6. By heating with alcoholic NH, at 170® 
for 24 hours there is formed a substance 
C.;,H„NO^, which on evaporation crystallises in 
' long silky deliquescent needles [125°] (Peilizzari, 
C. C. 1888,1350). 

Salts.—Solutions of the alkaline salts lather 
like soap. All the glycocholates are soluble in 
alcohol, those of the alkalis and alkaline earths 
dissolve easily in water, the rest are sparingly 
soluble and may be obtained by precipitation.— 
NaA' (at 100®). S. (alcohol) 1*6. The alcoholic 
solution deposits crystals when very slowly 
evaporated in a flask. Dry ether added to its 
alcoholic solution throws it down in an amor¬ 
phous state, but if the ether is wet it bo'^omes 
crystalline (Stadeler, J. pr. 72, 257).—BaA'^ (at 
100®) amorphous, S. 16‘2 at 16®.—PbA'.^ (at 
100 °). 

Ethyl ether CajH^^tNO,. S.G. ;901. Pre- 
parrd saturating an alcoholio solution of the 
acid with HCl and beating in sealed tubes 
(Springer, Am. 1, 181).^ Slowly saponified by 
water. 

* Faraglyooobolio acid 0,aH|,NO^ [164®]. 

When glycocholic acid is ppd. by H3SO4 from a 
solution of its Na salt, and the pp. is boiled with 
water paroglycocholio acid remains undissolved. 
Alcohol and boiling alkalis reconvert it into the 

• ordinary modification. 

GLYCOCOU OANO, U, CH,(NH3).C0,H 

Aniido-acetic add. Mol. w. 76. (232°-236® eor.)- 
8. 23. S.G. 1*161. H. C. 228,000 (Stobmaon. 
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Formed also by 

/ w 16 290)" I (Mulder 

d HnwTi„r®' •“PPorioaoidwith 

dilute HOI (Dossaignes, A. [3] 17, SO; Kraut a. 
Hartmann, 4 133 99).-4. By decomposing 
glyooohoho or hyoglycooholio acid with dilute 
acids or alkalis (Streoker, A. 67,26; 70,188) — 
6. brom bromo-acetio acid and NH, (Perkin a. 
NH’’‘*h; i;“r’ Together witLcO, and 

iRKo iK “"0 aoid with cone. HIAq at 

166 (Streoker, [2] 4, 216).-7..By the action 

A “?6 TiL^^ "a “id (Mensohutkin, 

or„iS Pit™80-thio-hydantoin 

OT nitroso-thio-glyoolho acid hndHI (Andreasoh, 
Klyoxal by successive 
H ®™"'onium cyanide and dilute 

11,SO. (Lubavine, SI. [2] 38, 379).—10 Bv 
passing cyanogen into boiling HIAq (S.G. 1-96) 
(Emmerhng, S 6 1361),-11. From cyanoformio 
ether, zinc, and HCl (Wallach, A. 184,13).-12 
To the extent of about 7 6 p.c. by boiling silk 
with dilute H,SO, (Weyl, B. 21,1631). * 

Preparatum. -1. Hippurio acid 600 g. is 
boil^ed with cone. HCl for 12 hours. The benzoic 
Mid formed is removed by filtration and extrao- 
tion with ether, alter which the liquor containing 
the hydrochloride of glycocollis evaporated until 
crystallisation sets in. The salt is washed with 
absolute alcohol. The yield is 90 p.c. (Curtius a 
Ooobel, J. pr [2] 37, 157).-2. Hippurio aci.l 
(1,200g.) IS boiled for 12 hours with H.SO 
(1,600 g.) diluted with water (3.200g.). The pro- 
^ cool, it is then filtered. 

Ihe filtrate is evaporated and shaken three 
times with ether to remove the last traces of 
benzoic acid. The liquid is diluted and neutral* 
ised with baryta (free from iron). The liquid is 
deowted from BaSO^ and evaporated. Some of 
the dissolved barium can be removed by CO,. 
Theglycocoll crystalliscsout from the evaporated 
filtrate (T. Curtius, J, pr. [2] 26, 163).—3. By 
heating chloro-acetio acid (1 pt) with solid 
ammonium carbonate (3 pts.) to 70® and finally 
to 130® (Nencki).—4. Chloro-acetio acid (60 g.) 
and sodium carbonate (68 g.) are warmed with 
excess ot aqueous ammonia. After boiling for 
7 hours%ydroohlorio acid is added and the liquid 
evaporated, ppd. with alcohol and filtered. The 
filtrate is digested with Cu(HO)j, warmed, fil- 
tered, and treated with alcohol, and then with 
hydrogen snlphide (Mauthner a. Suida, *8f. 9, 
728].—6. By heating phthaloxyl-amido-ace«o 
acid CO^.C,H,.CO.NH.OH,.COJh with double 
Its weight of 20 p.c. pure HOI. diluting witli 
water, filtering, evaporating, and treating with 
loe-oold water, which leaves behind nhthalioaoid. 

On evaporating and washing witir absolute al¬ 
cohol, hydrochloride of glycoooll remains as a 
snow-white crystalline powder (S. Gabriel a. K. 
Kroseberg, B. 22, 428). 

Properties. — Monoolimc tablets; o:6:c 
-l:l-867:2-204; /8-68® 2(K (Schabus). Slight 
impurities change the crystalline form remark¬ 
ably : traces of NaOH or TlOH cause it to form 
rhombohedra, while traces of baryta induce the 
formation of very long thin prisms (Ourtias). 
GlyoocoU is isaotive. It has a sweet taste. 81. 


alcohol. Neufral to 
mmns. .It prevents theppmofonpriehydroxido 
from Its sulphate by potash (Horsford,A. 60,1). 
344)*' (Engel, Pr. IS, 

SeMtu^.—l Distillation with BaO gives 
KOHaotsin 
potassium 

SO? .X ,oo J*”™®® (Cahonrs, A. Oh. [3) 63, 
3,80. and MnO, 
LTL « w' “"i® acid gas oon- 

7 Bft aoid (Socoloff a. Streokei, 

8 ■ Dessaignes, C. B. 88, 44).-4. When 

noated with bmzoK acid in sealed tubes, hippurio 
Mid IB formed (Dessaignes,/. Ph. [31 32) 44). 
Hippurio aoid J8 also formed by treating zinc or 
Sliver glyoocoll with BzCl (Dessaignes, O. B. 87, 

r n gljoooyamine 

C,H,N,() (Streckor, 0. R. 62,1212).-6. Phenyl- 
cyanamtde in ammoniacal solution mixed with 
an alcholio solution of glycoooll forms on stand- 
I”*?,??”® O.H„N,0, (Berger, B. 

13, 992).—7 With sodium hypobromite nitrogen 

IS evolved (Demgi's, 0. R. 107, 662)_8. When 

j solution ot glyoocoll is mixed 
with NaOH aaiphenyl-acetic chloride a reMtion 
takes place and on acidifying phenyl-aceturic 
acid separates. Its other C,.H,.NO,Et crystal- 
hses m broad prisms [79»].-9. When benzoic 
aldehyde is added to an aqueous solution of glv- 
0“?? there is formed syrupy 

C,II„NSO. which slowly solidifies over H,SO. 
(SchiH, A. 210,125). OSnanlhol forms a similar 
eom^pound C,H,.OC..H.NO.H,SO..-IO. Heated 
with ckoltc acid at 200” for 20 hours there is 
formed a product whence NaOH ppts. amorphous 
glycodyslysin a.H^NO. (Lang, Bl. [2] 25, 
180). 11. Chloroform and KOH form isocyano- 
aeeticadd C:N.CH^CO.H (Calmels, Bf. [2] 42, 
zoo).—12. Ouanidine carbonate forms the com¬ 
pound 0,H.NO,(CH,N,).,CO,aq (Nencki a. Sieber, 

J. pr. [2] 17, 480).-13. Urea (10 pts.) at 230-^ 
forms nric acid (Horbaezewski, B. 16, 2678). 

Salts.—The fact thal^lycocoll only forms 
salts with such metals as can displace the hy¬ 
drogen of amidogen tends to show that the salts 
have the formula OH,(NHE)COja, and not 
0^(NH,)C0.B. Thus it forms no salts wflh 
alkalis, and probably none with alkaline earths. 

B arium s alt.—If excess of baryta bo added 
to glyoocoll sulphate and the solution be filtered 
the liquid may perhaps ooutain glycocoll-barium, 
but on adding alcohol a pp.eis got, whioh oon- 
tams variable amounts of glycoooll and baryta. 

If this pp. be recrystallised from alcohol it be¬ 
comes pure glycoooll. -Hence glycocoll-barium 
IB very unstable, if indeed it exists (Curtius 
/.pr. [2] 26,161). 

. Zinc salt C.H.NO..Zn aq. Partially decom¬ 
posed by hot water. Boiling NajOO, removes 
one-third of the zige. 

Silver salt AgA'. Prepared by heating 
silver oxide (38 g.) nearly to boiling with a solu- 
tion of glycocoU (100 g.). The hot liquid is fil- 
tered and allowed m cool in the dark. Alter an. 
how the liquid is po'nred ofl from the silver gly. 
ooooU and heated with the remaining silves 
oxide. This process is repealed until the quan¬ 
tity of silver glycoooll that separates op owling 

hAinna in ilA/tranati tzrKon o .o.w..._a:a_.• _•« ^ 


bopns to decrease when a fresh quantity ot silver 
oxide (88 g.) ia addodtothat whioh still remains, 
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and the prooese it eontmaed till all the silver 
oxide is either need np or redneed to silver. 
Yield 76 p.o. {Gortine, J.pr. [8] 26,166)7 Crys¬ 
tallises in tablets. Tnms grey in daylight. It is 
not hygrosoopio. It is strongly alkaline. It de. 
composes at 100°. Warmed with a mixture of 
bensene and benzoyl ehloride it forms silver 
chloride and the three following acids: (1) Hip- 
puric acid (Sessaignes, C. li. 37, ^61); (2) an acid 
4 iH„N, 0,: [207°], which when boned with di. 
mte waoB pvea beMoio add and too molconlea 
of glycoooll, and henee it may perhaps be written 
Ph.C0.NH.CH,.C0.1IH.CHrC0^: (3) an acid 
C„,H„N,0„ wmoh blackens at 240° without 
melting, but with acids gives also benzoic acid 
and glycocoll on boiling (T. Curtms, J. pr. KiJ, 
239). Silver glycocoll is converted by EtI into 
NEt,I.CH,CO,Et.—AgA'HOEt. Obtained by 
ppg. a solution of silver glycocoll by alcohol. 

Other salts. — PdA',: yellow needles 
(Drechsel,/. pr. [2] 20, 475).-CdA', sq: silky 
foliated crystals.—CuA'jSq: blue needles. S. 6 
at 16°.—PbA', aq: needles.--HgA', aq: small 
crystals. 

Salts with acids.—HA'HCl: deliquescent 
crystals, v. e. sol. water, si. sol. alcohol; has an 
acid, slightly astringent taste.—H.jA',HCl: tri- 
metric crystals; a:b:c = l: I'llOS: 'SOOl.- 
H.,A',H^t01,.—HA'HNO,; [145°]. Decomposed 
by fusion (Franchimont, JR. T. 0. 2, 339). Tri- 
metric crystals; o:5:c-1:3*412:2*969 (Nicklis, 
Compt. Ghim. 1849, 266); =*0687: *750:1 
[Losebmidt, Sitz. W. 61 [2] 386). According to 
Horsford they are monoclinio.—H,A'jHNO,.— 
HjA'^SO,. Largo prisms, permanent in the 
air; sol. water, insol. alcohol and ether. Ac¬ 
cording to Nicklds the crystals are trimetric; 
o:6:c-1: *424: *321.—HA'HOAc l.jaq: crystal. 
Uses from water.-HjA'jHjCjO,: trimetrio crys¬ 
tals ; aib:c = 1: 3*072: 2*792 (N.). 

Combinations with both acids and 
b a 8 es.—^*1101.—Ba A'jH.,Clj: trimetrioprisms. 
—KATBUO,: needles (Boussingault, A.39,310).— 
CaA',Cn(NO,)i2sq; blue needles.—AgA'HNO,: 
needles.—KHA'jHjSO,: prisms. 

Acetyl derivative v. AcnTunio icm. 

Beneoyl derivative v. Hippueio ioin. 

Salicyl derivative v. Oxv-beszoio acin. 

Uethyl ether NHrCHj.CO^e. (64°) at 
60 mm. Obtained by suspending its hydro- 
thloride in ether, shaking with the theoretical 
amount of AgjO, evaporating the hltrate, drying 
over BaO and fractionally distilling (Ourtius a. 
Goebel, J. pr. [2] 37,166). Liquid, miscible with 
all ordinan: menstrua; boils with decomposition 
at 130°. It forms a copper salt crystallising in 
bluene^leB,T.BoL water. Cn(NH.OEirCOjMe).jaq. 
Hydrochloride HH,Cl.CH,.CO,Me. [176°]. 
Formed by passing d^ gaseous HCl through 
methyl alcohol containing glvcocoU hydrochlor¬ 
ide in suspension until solution takes place 
(Curtins a. Goebel, J. pr. [2] 87,169). Prisms, 
V. sol. cold alcohol. Yields ethylamine when dis¬ 
tilled with NOjCO,. Its platigoohloride is v. sol. 
Alcohol and water. ' 

Acetyl derivative of the methyl etl.er 

V. Acetubio acm. 

EthyletVer NH,CIHrCO,Bt. (149°) at 
748mm.; (66°) at 40mm. V.D. 8*47 (oalc.8*67). 
Formed by treating its hydrochloride in ethereal 
solution with AgjO as ia the preceding case 


(G. a. G.). Formed also from bromo-acetle ether 
by treatment with silver nitrite and reduction of 
the resulting nitro-acetio ether (De Forerand, 

0. B. 88, 974). Colourless liquid, miscible with 
water, alcohol, ether, benzene, CIIOI,, and petro- 
leum ether. Somewhat volatile with steam. Ab¬ 
sorbs COy Does not solidify at -20°. Gives 
«-propylamine when distilled with Na,CO,. Its 
copper salt Gu(NH.CH2.CO^t),2aq crystallises 
in blue plates, v. sol. water. Hydrochloride ‘ 
liH,Cl.C^CO.)Et. [144°]. Formed by passing 
dry HOI into alcohol containing glycocoll hydro¬ 
chloride dn suspension until solution occurs 
(G. a. 0.). Long needles; may be sublimed. Its 
plstinochloride forms needles [212°]. Hydro- 
iodide NH,I.CH,.CO,Et. Formed by heating 
glycocoll with alcohol and Btl or even Mel at 
120° (Sohilliiig, A. 12^, 97; Kraut, A. 177,267). 

I Trimetrio crystals. With AgjO it gives glycocoll, 
alcohol,and Agl.—N i t r a t e NH,(N 0,)OH,CO,Et. 
Crystals (Curtius, B. 17,963). 

I Acetyl derivative of the ethyl ether 
I V. AcsTunio loiD. 

I Allyl ether. Hydrochloride 
I NH,Cl.^.CO,C,H,. [170°-180°]. Prepared by 
suspending glycocoll hydrochloride in allyl al¬ 
cohol and passing HCl until a solution is ob¬ 
tained (C. a. G.). Thin plates, m. sol. cold 
alcohol. 

Isoamyl ether. Hydrochloride 
NII,Cl.CH,,.CO.,C,H||. From glycocoll, isoamyl 
alcohol, and HCl. Syrup. 
i„ Phenyl ether NH„CHj.0O,O,Hj. From 
phenyl chloro-acetate and alcoholic NH, at 140°. 

, Needles, sol. water, v. si. sol. alcohol and ether 
I (Prevost, J.Jpr. [2] 4, 379). 

Anhydride C,H^O i.e. CH^^q^ or 

CH,<™^2>CH,. [276°]. Prepared by de¬ 
composing an aqueous solution of the hydro¬ 
chloride of glycoooll ethyl or methyl other with 
silver oxide and extracting the mixture of silver 
I chloride and anhydride with hot water, by which 
the latter is dissolved out and crystallises on cool¬ 
ing (Curtius a. Goebel, J.pr, [2] 37,178),, Plates. 
V. sol. hot water and dilute alcohol. Neutral to 
litmus. It does not combine with ammonia and 
the alkali metals, but forms salts with silver 
(OJH^NO) and copper. It forms a hydrochlor¬ 
ide crystallisiug in long needles [130*j, con¬ 
verted by boiling water into glycocoll hydro- 
ohloride.—Platinoohloride 
B',(HCl)jPtCl,8aq. Large orange-yellow crys¬ 
tals, m,. sol. water, si. sol. alcohol. 

• Amide NH,.CHrCO.NHj. AmtAo-acslorotds. 
Formed in small quantity by heating glycocoll 
with alcoholic NH,st 160°. It is also one of the 
products of the action of alcoholic NH, on 
chloro-acetio ether (Heintz, A. 148,190; 160,67). 
Obtained frolh its hydrochloride by treatment 
with hsfi. Solid; v. e. sol. ■water; alkaline 
in reaction. Decomposed by boiling water into 
NH, and glycoooll.—B'HOl: monoohnio needles; 
T. e. sol. water, al- sol. alcohol.—B',H}PtCl,. 

Etbyl-glycoeoll v. ETHVL-aKino-ACXTio acid. 

Fhenyl-glycoccUu, FasMYL-AioDO-AOnTic aoio. 

Kitro-phenyl-glycocoll it. Nnao - rmsYt- 

AUIVO-AOBTIC ACID. 

Sulphe-phenyl-glycocoU ti. ScLrao-rnKivn. 
AniDO-Acanc acid. 



GLYCOGEN. 


629 


Nitro-tolyl-glyooooU v, Nitro-toltl-amido* 

ioano AoiD. 

OLYCOOOLOHIC ACID 0^„N0,. A pro- 
daot of the Eotion of oono. HCiAq on glyoocholio 
aoid (Streoker, A. 67, 26; 70,166). Formed also 
by heating glycooholio acid above 140®. Needles 
(from alcohol). Insol. water and ether, t. soL 
alcohol. Decomposed by boiling HClAq into 
glycocoU and cholic acid. NaA': crystals (from 
alcohol) (Mulder, J. 1847-48,907). 

GLYCOCYAMINE C,H,N,Oj i.e. 
NH;0(NH,).NH.OH2 .COjH. Quanido-g/ictic acid. 
Mol. w. 117. S. *8 ^trecker), *44 (Nenoki). 

formation. —1, fey adding a few drops of 
. ammonia to an aqueous solution of glycocoU 
mixed with cyanamide (Streoker, C. B. 62,1212). 
2. By heating an aqueohf solution containing 
glycocoU and guanidine carbonate, glycocyamine 
and ammonio carbonate are formed (Koncki a. 
Sieber, J.pr. [2] 17, 477); the reaction taking 
place as follows; 205HjNOj+(OHjN,)-H..CO, 

=* 2C,H,N,02 + (NB[,)^^CO,. Probably the guan¬ 
idine first breaks up into cyanamide and am¬ 
monia. * 

Properties. —Transparent needles. SI. sol. 
cold, y. sol. hot, water; insol. alcohol. Boilod 
with ouprio acetate it gives microsoopio crystals 
of Cu(C,H,N, 02 )j, 

Salta.—HA'HGl: prisms; v. sol. water.— 
HyA'sHgPtOl, 8aq. 

Glyoooyamidine C,HjN,0 i.e. 

The hydrochloride is obtained by heating gly- 
cooyamine hydrochloride to ICO® (Strcckco). 
The ba^e may be liberated by boiling this salt I 
with lead hydroxide and water. Lamina); v. e. ‘ 
sol. water. Has an alkaline reaction. It forms 
a compound with ZnCI, orystaUising in needles 
resembUng the corresponding salt of creatinin.— 
BHCl: V. soL water.—B',H^tClB2aq: needles. 

JRe/srence.—B xnz-qltoootamedimx. 

6L7C0DRDP0SE v. Celluloss. 

OLTOODTSI78IN C^nN04. An amorphous 
powder formed by heating glyooooll with oholio 
aoid at 196® (Lang, Bl [2] 25. 182). SI. sol. 
water, ▼. sol. ether, t. e. sol. alcohol. Not 
attacked by alcoholic EOE. Boiling HClAq 
forms glycocoU. 

GCYCOOEN 

Occurrence. —In the liver and in the placenta, 
entering largely into the constitution of most of 
the tissues of the embryo (Cl. Bernard, C. B. 41, 
461; 44, 678,1325; 48, 77, 763, 884: Sanson, 
0. B. 44,1169,1328; 46,140,843; SoEiff, C. B. 
48, 880; E. Pelouze, 0. B. 44, 1321; Bonnet, 
C. B. 46, 139, 678; ?ekul6, 0. 0. 1868, 800; 
Poggiale, /. PA. (83 84,99; Harley, Pr. 10.289; 
Pavy, P. Jf. [4] 17.142; Pr. 10, 628; 11,9(^ 
Gorup-Besanez, A. 118,227; M4DonneU, Pr. 12, 
476; Wittich, Fr. 14, 227; Aldeh^fl, 2. B. 26, 
187; Manoh6,£r.P.26,168; Ohandelon.P/. 13, 
626; Sohinelz, Z. B. 24,180). As much as 11 p.c. 
has been found in the liver of new-born puppiee 
(Demant, JST. 11, 142). Occurs also in blood, 
muscle, spleen, kidneys, pancreas, and brain 
(Pavy, Pr. 82,418), and in the white and yolk of 

egg. Qlyoogen is uniformly distributed throogh- 

ont the liver, but in the muscles of the heart, 
where ib also occurs, it bi unevenly distributed 


in diabetes mellitus (Leube, 0. 0.1888, 1278). 
In veificular ceUs of the connective tissue of 
moUusoa, such as oysters (Bizio, 0. B. 62, 676; 
65, 176; Blondstoue, Pr. 38,442). In the cock¬ 
roach {Blaita orientalis), and in BoTfibyx mori 
(a butterfiy) and its chrysah's (Anderlini, C. C. 
1888,461). It is present in a large number ot 
fungi, where it seems to take the place of the 
starch of higher plants (Brrera, 0.0.1888,252). 
It is present in beer-yeast (Errera, C. B. 191, 
263 ; Laurent, C. C. 1888, 262). Found in 
ciliated infusoria (Maupas, 0. B. 101, 1504). 
When the following substances are introduced 
into the systems of starved dogs or rabbits no 
appreciable quancities of glycogen are found in 
the liver: mosite, mannile, quercite, erythrite, 
and fats. But glucose, milk-sugar, cane-sugar, 
lesvuiose, inulin, glycerin, gelatin, and proteSda 
promote the formation of glycogen. It is not 
cleaj whether the glycogen is directly formed 
from these substances or whether their presence 
promotes its formation from some other source, 
or hinders its destruction when formed (Von 
Mering, P/. 14, 274; cf. Forster, N. Bep. Phann. 
25,733; Wolfberg, Zeit.f. Biol. 12, 266; Seegen, 
P/. 40, 48; Chittenden a. Lambert, Dissertation 
1886). Asparagine, glycocoU, and, above all, 
anunonium carbonate, when given to rabbits 
with a carbohydrate diet greatly increase the 
amount of glycogen in the liver (Bdhmann, Pf. 
39,21). 

Preparation. —1. Glycogen is best obtained 
pure by Briioke’s method {Site. W. 63 [2J 214), 
which readily separates all protelds from it. A 
solution of potassio-mercuric iodide is prepared 
by precipitating mercuric chloride with potassium 
iodide, washing the precipitate and then satura¬ 
ting a boiling solution of potassium iodide with 
it. A watery solution of glycogen, mixed with 
albuminous matters, is prepared by cutting a 
perfectly fresh liver into pieces about the size of 
a hazel-nut, and throwing them into boiling 
water for a couple of nnnutes, so as to destroy 
the liver ferment, whiclrwould otherwise convert 
the glycogen into sugar; the pieces are then 
bruised in a mortar and extracted with boiling 
water, and the solution is filtered. As tfoon 
as the filtrate is cold it is treated alternately 
with hydrochloric acid and the potassio-merourio 
iodide solution as long as these agents produce 
any precipitate, and after standing lor five 
minutes the solution is again filtered. Alcohol 
is then added until aboulf 69 p.c. of absolute 
alcohol is present in the liquid: this throws down 
the glycogen alone, hfit more alcohol precipitates 
other bodies with it. The precipitate is collected 
on a filter, washed first with weak, then with 90 
p.o. alcohol, and finally with ether, and is then 
transferred to a tile to dry. Glycogen is thus 
obtained as a snow-white aitiorphoua powder; 
if impure or zibt quite dry, it forma a semi¬ 
transparent britUe mass.—2. The boiling aqueous 
decoction of liver is treated with ZnCl,; the 
filtrate is evapomted and mixed with dilute i60 
g.o.) alcohol, acidified with HCl The ppd. py- 
oogen is washed with aloemol (Abeles, J. Th. 
1881,68; P/. 24,486). • 

White mealy amorphous pow¬ 
der. i^rding to Efilz a. Borntrl^er (Pf. 24, 

___ _ (CaH,,Op, aq. With water it 

(Cralier, iSi. Hiof.*24r67). Ooours in the urine | forms an opalescent solution. On evaporating 
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this solution the glyaogen separates in films. 
Its Uqueons solution is dextrorotatory Md vary, 
mg from 203“ to 234° according to concentration 
Pf- 24, 85 j Landwehr, Z. 8,171) i but 
the polariscope may be used in its estimation 
(Cramer, Z. B. 24, 180). It is insol. alcohol. 
Its ppn. from aqueous solutions by alcohol is. 
greatly promoted by the presence of NaOl and 
Other salts (Kiilz, J3.16,1800). Charcoal removes 
n from its aqueous solution. Iodine colours 
its aqueous ^solution red. Glycogen does not 
reduce Fehling’s solution. Glycogen dissolves 
in cold oono. H 3 SO 4 forming an amorphous acid. 
With baryta, water it gives a pp. of Ba 0 ( 0 ,H, 40 J„ 
while lead subaoetate forms PbO{C^„Oj),. 

Estimation .—The substance i^xtractedwith 
hot dilute KOH, the proteids are ppd. from the 
solution by HCl and potassio.merourio iodide, 
and the glycogen is then ppd. by alcohol dried, 
and weighed (Kiilz, Z. B. 22,161). 

Reactions.— 1 . Diastast and saliva irans- 
form it into maltose, a little glucose, and an 
achroo-dextrin (Musculus a. Mering, H, 2, 418; 
Siegen, C. 0. 1877, 8 ). It is not changed to 
sugar, to any significant extent, by contact with 
blood (Pavy, Pr. 32,418). BoUing dUute mineral 
acids convert it into glucose (Kiilz a. Bomtrager, 
Pf. 24, 28).—2. Does not ferment with yeast .— 

8 . Boiling dilute HNO, forms oxalic acid.— 4 . 
Bromine followed by AgjO forms glycogenic acid. 

6 . Cold cone. HNO 3 forms amorphous ‘ nitro. 
glycogen ’ C,j(H,i,(N 02 ) 0 ,o, insol water, alcohol, 
and ether, sol alkalis and dilute HCl (Lustgar- 
ten, M. 2, 634).—6. A mixture of fuming HNO, 
HjSO, forms ‘ di-nitro-glyoogen ’ 
CjHgtNOjIjOj, a white powder, insol water, alco¬ 
hol, ether, alkalis, and dilute acids, whii^ ex¬ 
plodes at 80° to 90°. It is converted by ammo 


resulting diacetate 0,H,(OAo), with solid KOH 
Wurtz, C.R. 43,199; A.Ch. [3J 65,400; A. 100, 
110; Suwl. 1, 86 ).—2. By heating for 2 days 
m a 100 ° a mixture of ethylene 

^ith potassium acetate (60g.) 

(86 p.o.) alcohol (120 g,), and saponifying 
the resultmg mono-acetate CHj(OH).CH,OAo 
with potash or baryta (Atkinson, P.M. [4] 16, 
433). Debus {A, 110, 316) recommends saponi- 
fying the mono-acetate with water in sealed 
tubes at 100°. By heating a mixture of ethylene 
g.), KOAo (5)2 g.), and dilute aJoo- 
hoi (200 g. of S.a. '82), Demole {A. 173,117) ob- 
taiD^ glycol and acetic ether. From 000 g. 
ethylene bromide Erlenmeyer (A. 192, 248) ob- 
tamed 126 g. glycol.-3. Together with poly- 
ethylemo glycols byjleating ethylene oxide with 
water (Wurtz),—4. From ethyleno oliloro-lodlde 
and moist Ag,0 at 160° to 200° (Maxwell Simp- 
Bon, A. Suppl. 6 , 263).— 6 . Together with NMe, 
by boilmg a cone, aqueous solution of neurine 
(Wurtz, A. Suppl. 6 , 200).-6. By heating ethyl¬ 
ene bromide (1 pt.) with water (12 pts.) and PbO 
at 160°(Elte)toff, B. 6 , 668 ).—7. From ethylene 
bromide ( 66 i pts.), water (180 pts.), and Ag.,CO, 
(41 pts.). AgjO and AgjSO, used instead of 
"gi^CO.ido^notgive glycol (Beilstein a. Wiegand, 

^ Preparation.—\. Ethylene bromide (188 g.) 
18 boiled with water (1000 g.) containing K,CO, 
(138g,) in solution in a flask with inverted con¬ 
denser. A large quantity of vinyl bromide 
escapes. As soon as all the ethylene bromide 
has disappeared the liquid is evaporated to dry¬ 
ness, and the glycol separated from the KBr by 
solution in alcohol The alcohol is then dis¬ 
tilled, when the glycol (13 g.) passes over at 198° 
(Zeller a. Hiifner, J. nr. [2] 10,270). In this 


r —- wuveriea oy ammo- , (Zieller a. Hiifner, J. nr. [21 10. 270) In thia 

'^***°^ . process Na,CO, (106 g.fmay be used inatead\f 

sight power of reducing Fehhng's solution, and i K.,CO„ whereby the yield may be incrcasS Uo 
la dextrorotatorv fol^ = 194 at 27 ® fT.nflt.fF«ft 44 ni ar,, Ju au.. ^ nicrcasea (lo 
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IB dextrorotatory [a]D = 194 at 27° (Lustgarten). 
7. AOjO et 166° forms an amorphous tri-aoetyl- 
deriratiTe C,H,Ao,Oj, insol. water, alcohol, and 
ether (Sohiitzenberger, A. 160, 80). 

Aehroo-glycogen C.H„0.. Obtained from 
enail’s mucin, by treating with 6 to 10 p.o. 
aqueous KOH, separating proteids by potassio- 
mercurio iodide, filtering, and ppg. the achroo- 
giycogen by alcohol (Landwehr, Z. 6 , 74). 
Amorphous white tasteless solid, v. sol. water, 
forming a strongly opalescent solution. It does 
not reduce Fehling’e solution. By treatment 
with saliva, diantale, or boiling dilute acids it 
is converted into dextrin and glucose. It differs 
from glycogen in giving up coloar with iodine. 

OLYCOOEKXC ACU O.H„0,, Formed by 
treating an aqueous solution of glycogen at 100 ° 
with bromine, and then adding AgjO (Chitten¬ 
den, A. 182, M 6 ). Ve^ acid gymp. Is perhaps 
identical with gluconic acid.—CaA',: minute 
needles; si. sol. cold water.—KaA', 8 aq; prisms. 
-Pb,O.H.O,.-CoA', 2 aq. 

OtTCOL aH.0, is. OH,(OH).CH,(OH)., 
Bthplme alcohol. Mol. w. 6 * [-11-6°] (Bou-1 
dhardat, C. R. 100,462). (198° oor.). 

M188; p M12f (Perkin, 0. /. 46, 604) 
M072 (Briihl). iM.M. 2-948 at 16-1° (P.). «; 
»1-4S25. Boe-23-82. H.F.p. 100,890 (n.). 
HJ'.v. 99,IW. 8 .V, 65-6 (Bameay). 

Formation — 1 , From ethylene iodide bydia. 


MV ' ruTT*- iWMi, 344).-6. By heating with a large 

UUing with aUvar acetate and sapomfying tha | quantity of water at 210 ° there is also 


35 g.), although the product is not so pure 
(Stempnewsky, A. 192, 242). BaCO, used in¬ 
stead of KjCO, yields no glycol.—2. By heating 
ethylene bromide (1 pt.) with water (26 pts.) lor 
130 hours in sealed tubes at 100°; the yield 
being 60 p.o. (Niederist, A. 196, 864). 

Propcrfics.-Colourless liquid, with sweet 
taste, but no smell. Miscible with water and 
alcohol; sL sol. ether. It dissolves KOH, 
Oa(OH)„ CaCl,, NaCl, ZnOl,, 8 bCl„ and,,HgClj. 
In a freezing mixture it sometimes soHdifies to a 
mass of crystals. 

Reaetiom.—l. When dropped upon piotinum 
black, CO, is given off and tlm metal may even 
beqpmd incandescent. If in this experiment 
the glyool be diloted with water and the air with 
CO„ glycollic acid is produced by the oxidation. 
2 . Cold dilute nitric acid forms glycoUio acid, 
at higher temperatures it forms oxalic acid. 
When glyool diluted with four times its volume 
of water is plaoed in a tall vessel and strong 
nitric acid is introduced so as to form a layer at 
the bottom, and the whole is kept for some time 
at 80°, there is formed glyooUio acid, glyoxylia 
acid, and perhaps also glyoxal (Debus, A. 110, 
316).—3. Couatic potaeh at 260° forms oxalia 
acid with evolution of hydrogen.—4. By heating 
with line chloride at 260° there is formed alde¬ 
hyde and orotonie aldehyde (Bauer, Rep. ohim. 
pure, 1860, 244).—6. By heating with a large 
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aMehyrto (Novole, Bl. [2] 25, 2 Rfl).- 6 . By heat- 
Ing with €^ids it yields ethers by displaoemeat 
OT one or both of its hydroxyls by acid residues 
pci, gires ethylene 
chloride (Wnrtz, A104,174),-8. Acetyl chhnde 
forms CH,Cl.CH,OAo. — 9. By heating with 
ammmum chloride at ISO^-igOo for 8 hours 
'"med tri-methyl-pyridine (collidine) 
C,H||N : the yield being 16 to 20 p.o. of the 
theoretical (Hofmann, 3.17,1906).—10. Heated 
with fuming HCl in a sealed tube at 100“ it 
forms ethylene chloride (Schorlemmer, O.J. 39, 
143): but when saturated with HOI ih an open 
vessel and then distilled the product is glycol 
fonns oily C,H,.,0. 
® crystalline cBlorinated body 139“! 

(o. 200 ) (A.Mitacherlioh,<1.3.66,188).— 12 . An 
aqueous solution of glycol acidulated with H,SO, 
is converted by electrolysis into CO, oxygen, and 
CO.^, together with formic paraldehyde (tri-oxy- > 
methylene), formic, acetic, and glycollic acids, 1 
and a polymeride of formic aldehyde reserablinii 
glucose (Kenard, A. Ch. [ 6 ] 17, 315).— 13 . By 
heating glycol (2 pts.) with soda-lime (6 pts.) at 
250“ there is formed an acid C 2 ,H„ 0 , [103“] 
which may be crystallised from ligroin and ether 
(Sturcke, A. 223, 300).-14. When heated with 
aldehydes ECHO, glycol forms ethylsne doriva- 
.O.CH, 

tives of the ortho-aldehydes ECn<^ I '(Wurtz, 
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Rep. chim. pure, 1862, 16 j Lochert, A. Ch. 
[ 6 ] 16, 36). Thus isobutyric aldehyde giveS 

PrCH<°>C,H,. (125»). S. 10.-15. Chloral 

unites eaergetically with glycol, and the result¬ 
ing compound treated with pentach loride of phos¬ 
phorus gives a compound (S. G. 1-73) which may 
be CCl,.CHC1.0.CHj.CH,.O.CHCl.CCl, (Henry, 
B. 7,762). If a mixture of equivalent quantities 
of glycol and chloral bo left to stand for some days, 
hard transparent crystals of CoHCl, 00 .^« 0 a 
[42®], H.P. 16,400, separate (Do Forcrand, 
0. J?. 108, 618).—16. Phosgene COCl, forme 

0,H(<^q^CO [39°] (236®) crystallising in prisms 

aol. water and alcohol, insol. ether (Nombrowsky, 
J.pr. [2] 28, 439).—17. Distillation with ox<ilic 
acidgjves formic acid, and thediformyl derivative 
of glycol (c. 174®) (Lorin, C. R. 79, 387; Bl. [2] 
21, 409; 22 , 104). - 18. Algce (Spirogyra) are 
able to convert glycol into starch (Bokorny, C. C. 
1888, 858). 

Sodium derivatives.—CaH<(OS)(^a). 
Formed by dissolving sodium in glycol. White 
cry stolline deliquescent substance. Heated with 
vinyl bromide in a sealed tube it yields ethylene, 
glycol, sodium bromide, and apparently formi# 
acid. With methyl alcohol iC crystallises as 
G,H,(OH)(ONa)MeOH in brilliant •spangles.— 
With etnyl alcohol; OjH<(OH){ONa)EtOH.— 
0,H*(OH)(ONa)C,H,OH. With glycol it forms 
crystalline 0 ,H 4 ( 0 H)( 0 Na) 02 H,( 0 H)a (Forcrand, 
a B. 107, 848, 1160; 108, 240).-C,H,(ONa)j? 
Formed by fusing the preceding with excess of 
Bodiu^. Deliquescent mass. When distilled 
with ethylene bromide it yields vinyl bromide, 
glycol, and NaBr. With GlCO^Et in ether it 
forms 0 ,H 4 (O.COuEt)« (o. 226®) (Wallacb, A. 226, 
82). 


Mono-nitrate OMJdi ..,.... 
CH,(Oq).CH,ONO,. 8.G.H1-31. From glycol 
bromhydnn and AgNO, (Henry, A. Ch. [4) 27, 
243). Liquid, sol. water. 

Di-nitrate CjH.N, 0 ,«.e. 
OH,(ONOJ.CH,(ONO;). S.G. 9 1-484. From 

(200 g.) at 0“ (g. Champion, Z. 1871,469). Ex- 
plosive oil. 

„„^itrite.nitrale (?) 0,H,N.O.i.«. 
OH,(ONO).C^(ONOi). S.G. 1-47. Formed by 
passing ethylene into a cooled mixture of HNO, 
and H.,SO. (KekuI 6 , 3. 2, 329). Oil. Sodium- 
amalgam forms glycol and gives off all the N as 
NH,. 

Aeeto-nitrate CH,(OAo).CHj(NO,). S.G. 
“ 1-29. From the mono-acotin, HNO„ and 
H.,SO, (Henry, A. Ch. [4] 27, 269). OU, v. e. 
sol. dilute HCl. 

Mono-sulphuric acid 
Cil 2 ( 0 H).CH,( 0 .S 03 H). From glycol and sul¬ 
phuric acid (Simpson, A. 112,146). Formed also 
by the action of sulphuric acid on glycol chlor- 
hydrm (Oppenheim, B. 3, 785). Its chloride 
CHj(OH).CH,(O.SO.,Cl) is formed by treating 
glycol with SOaClj (Bernhard, J. pr. [2] 17, 342). 
The free acid is unstable, being decomposed by 
hot water into glycol and H 58 O 4 . The potas¬ 
sium salt is hygroscopic. The barium salt 
BaA '2 is v. sol. water, almost insol. alcohol. 

Disulphuric acid 

CH,(OSOgH).CIl 2 (OSO,H). From glycol and 
ClSOsH at 0® (Olaesson, J. pr. [2] 20, 6 ). Thick 
syrup, decomposed by water, especially on warm¬ 
ing, into glycol and H^SO,. Its salts are insol. 
alcohol.—BaA"2aq; hair-like needles.—KA". 
silvery mass. 

Borate (CH 2 ( 0 H).CH 30 ),B. [162®]. From 
glycol by treatment first with gaseous, then with 
liquid BCl, (Councler, B. 11 , 1106). Minute 
laminae, nearly insol. ether. Decomposed by 
moist air. 

Mono-aceiyl derivative ♦.«. 

CH.^(OH).CII,.(OAc). Qiycol monacetin. Mol. 
w. 104. (182®). Prepared by heating ethylene 
bromide (1 pt.) with KOAc (1 pt.) and 85 p.o. 
alcohol (2 pts.) at 100 ® in a closed bottle for two 
days (Atkinson, P. M. [4] 16, 433; A. 109,282; 
Erlenmeyer, A. 192,246) or by boiling the same 
mixture with inverted condenser (Maxwell Simp- 
son, Pr. 9, 725). The product is fractionally 
distilled. Glycolic mono-aceiin may also be 
prepared by heating glycol H mol.) with Ao-0 (1 
mol.) for several hours at 170® (Maxwell Simp¬ 
son). Colourless liquid, heavier than water. 
Miscible with water* and alcohol Its aqueous 
solution is neutral but it is easily decomposed 
by potash and baryta yielding glycol. Boiling 
with ethylene bromide and ^cohol (S.G. *82) 
converts it into glycol (Demole, A. 177, 46), 
AoCl forms 0|H«(OAo), and OHt01.C^.OAo 
(Louren^o, A. 114,127). 

Di-acetyl derivative 
OH3(OAo).CH2((Uo). Qiycol duKCtAn. Mol. w. 
146. (187®) (\rurtz); (190®) (PerUn). 8.0^ * 



w .xuz UV -.1-. w. V. W, VUWf. T.*/, tt'Ca, 

S. 14 at 22°. Rate of formation : Irtmsehntkiii 
3.18,1812. ^ ’ 

Fonned bjr heating ethylene bromide Ot lodld. 
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with silver acet&te (Wurts, C. B, 48, 199; A, 
100,110; A* Oh. [ 8 ] 55, 400). From the mono* 
acetin by heating with AoCl in a sealed tube at 
100 ** and Iraotionally distilling the upper layer 
oi the resulting liquid. Obtained also by heat* 
ing ethylene bromide with EOAo at 150** to 200** 
(Demole, A. 177,49). Neutral liquid; dissolves 
in 7 pts. of water at 22**, and" is separated by 
OaClj from this solution. Misoible with alcohol 
and ether. Boiling dilute alcohol (S.G. *82) de> 
composes it into monoaoetin, HO Ac, and EtOAo. 
Resolved by bases into acetic acid and glycol. 

Di-propionyl derivative 02H4{00jHs0).,. 
(211® cor.). S.G. U 1*0544; |«- 1*0467. M.M. 
8*818 at 21*2® (Perl^, C. J. 45,606). 

Mono-butyryl derivative 
CH,( 0 H).CEL( 0 C 4 H, 0 ). (220®). From glycol 
(1 mol.) and butyric acid (1 mol.) at 200 ® 
(Lourenqo, A. Oh. [3] 67, 267). Oil. 

Di-hutyryl derivative C.,H 4 (OC.H, 0 ).. 
(240°). S.G. - 1*024. Obtained by dealing 
ethvlene bromide with silver butyrate and a 
little free butyric acid for several days at 100 ®, 
and fmoiionally distilling the product (Wurtz, 
A. Oh. [3] 55,400). Oil; sol. alcohol and ether. 

Acetyl bulyryl derivative 
CH,( 0 Ac).CH,( 004 H, 0 ). (212°). Formed by 

heating glycol cbloro-acetin CH 2 (OAo).CH.^Cl 
with silver butyrate at 110 °; or from glycol 
chlorO'butyrin and AgOAc at 150°; in either 
case the product is digested with ether, and the 
ethereal filtrate is distilled (Maxwell Simpson, 
Pr. 10,116). Formed also by beating glycolic ’ 
mono-acetin with butyryl chloride, or glycolic 
mono-butyrin with AcGl (Looren«;o). Heavy | 
oil; sol. mcohol. It is but slowly decomposed | 
by aqueous EOH even at 100®. { 


AoetyUvaleryl derivative 
OH,( 0 Ac).CH 2 {O 0 ,H,O). (230®). From glycol 
mono acetin and v^eric acid (Louren^o, A. 114, 
122). Neutral oil, sol. alcohol and ether, 

Mono-valeryl derivative 
CH,(OH).OH,(OG,H,9)* (240®) (Lourenqo, A. 

Oh. [ 8 ] 67,268). 

JDi-valeryl derivative C2H.(0C.H,0)3. 
(255®). 

K Stearyl' derivative i.e. 

[76°]. From silver stearate 
and ethylene bromide, the product being ex* 
traeted with ether (Wurtz, A. Ch. [3] 55, 436). 
Small shining scales, resembling stearin. 

Di’beneoyl derivative is. 

0 ,E 4 (OBz)^ (above 860*). Formed by 

heatiM silver benzoate (68 g.) with ethylene 
bromi£» (29 g.) for severel days at 100®, extract- 
ing the jffoduot with ether, treating extract with 
■Idred lime and rectifying (W.). Trimetrieprisms. 

Suecinoxyl derivative C«H|,0( is. 
CH,(OH).C^O.OO.CH,CH,<X)^ (?) [below4 
100 °). Fomie4^)y beating glycol (i mol.) with 
■nooinio acid (1 mol.) at 195° for 10 hoars 
^are^, Bip. Ohm.pura, 1860,179; A. 115, 
858), erystals; loL water and alcohol, 

il. soL etut, •>, 0 

SuenUli^ji^rivative Ofifl, J.e. 

[below 90“]. ( 212 “) 

i, 207). Obtained by heat- 
nearly 800“. Small orye- 
insol. water and ether, m. 



Mono-ethyl ether C,H,JO. i-e, 
CH,(OH).OHj(OEt). (184») at 722 mm. S.G. 
12.929 (Demnie, B. 9,746). From mono-sodium 
glycol CH,(OH).CH,(ONa) and EtI (Wurtz, A. 
108, 84). 

Di-ethyl ether O.H^O, i.e, CyB,(OEt), 
(m-S”). S.a. 2 1-799. VJ). 410 (calc. 4 09). 
From the preceding compound by suooessivo 
treatment with potassium and EtI (W.). 
Colourless oil with ethereal odonr. Isomeric 
with aootal. 

Ethyl-phenyl ether C,H,(OPh)(OEt). 
(230“). S.G. 2 1-087 (S.) -, u 1-018 (H.). Formed 
by the action of alooholio EOEt on phenyl bromo. 
ethyl ozide P?I.O.C,H,Br (Saban5e£t, Bl. [2] 41, 
253), or on phenyl ohloro-ethyl oxide (Henry. 
C. B. 96,1233). ^ • 

Ethylidene ether 0,Uj0,i.e. 

<g^Q>CHMe. (82-5“). S.G .2 1-000. V.D. 

3*19 (calc. 3*05). Obtained by heating aldehyde 
with glycol for a week at 100® (Wurtz). Liquid; 

: dis.soivcs in I 4 vols. water, but separated from 
j the soliition by CaClj and by KOH. Not attacked 
! by KOH. HNOj forms oxalio and glycollio 
j acids. PClj gives aldehyde and C.^H^CL^. Brom¬ 
ine gives liquid C^HjBrO, ( 0 .150®), whence dilute 
HjSOg liberates glycol bromhydrin. 
Propylidene ether CJljtO,i.e. 

<pg*Q>CHEt. (I00“). V.D. 3-46. S.G. 2 


*98. Obtained by heating propionic aldehyde 
(1 mol.) with glycol (2 mols.) at 100 ® in a sealed 
tube; the yield being 76 p.o. (Lochert, A. Ch. 
[ 6 ] 16,30). Colourless limpid liquid; smelling 
like propionic aldehyde. Dissolves in 5 vols. 
water; miscible with alcohol and etlfcr. KOH 
and CaC 4 separate it from its aqueous solution. 
Completely saponified by heating with water at 
130®, or by treatment with cone. HClAq. Does 
not reduce ammoniacal AgNOt. Bromine gives 
a liquid bromo- derivative. 

leobutylidene ether C^B.^fi^i.e. 


<®l“Q>CHrr. (125“). V.D. 4-13 (oalo. 


4*02). S.G. ^ *064. Obtained by heating iso- 
butyric aldehyde (1 mol.) with glycol (2 mols.) at 
100®; the yield being 70 p.o.(L.). Liquid; dis¬ 
solves in 6 times its volume of water, misoible 
with alcohol and ether. Saponified by '(vater at 
180°, by cone. HClAq, and by dilute H-^SO,. 
Does not reduce ammoniacal AgNO,. Bromine 
gives a bromo- derivative G,H,, 6 t 02 {q. 190®),in¬ 
sol. we ter, sol. alcohol and ether. 
Isoamylidene etherCjB.ifi^i.e. 

<^^q>CH.CH^. , (146“). S.G. * -944. 

Prepared like the preceding, nsing isoralerie 
aldehyde (L,\. Liquid, v. si. sol. water, t. sol. 
alcohol and ether. Saponified by water at 1S0“. 
Does not rednoe ammoniacal AgNO,. Bromine 
gives a bromo- derivative 0,H„BrO, (94° 
at 10 mm.) which is insol. water, sol. alcohol 
and ether, and when saponified by dilate 
gives bromo- valerio aldehyde. Alooholio EOH 
attacks the bromo-deiivative, removing HBr and 

forming ^^^^^H.OHtOUe, and a small 
quantity of 
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Hiptylidene ether 

(180°) Formed by heating glycol (3 vols.) with 
(Bnantfaol (1 voL) at 130®; or from glycol (2 vols.). 
fflnanthol (1 voh), and a trace of HOAo at 180°; 
the ™ld bemg 66 p.o. (Lochert, Bl. [2] 48, 837; 
A. OA. [6] 16, 36). Limpid liquid, smelling like 
mnanthm; y. si. sol. water, y. sol. alcohol and 
ether. Completely saponilied by water at 130°, 
or by none. HCUq. Caseous HCl does not act 
100° forms glycol 
cluorh^dnn and csnanthol, and its polymeridcs. 
PClj gives ethylene chloride and c^anthol* 
Uromine gives a liquid mono-bromo- derivative. 

Glycol chlorhydrin OJi.ClO, l.e. 
CHj(OH).CH.^Cl. (130°). Is described as Chloro- 

BTHTI, ALCOHOL On p. 61. * ^ 

Glycol ohloro>aoetin v. Acetyl derivative 
of Chloro-ethyl alcohol, p. 61. 

Glycol bromhydrin OjH.BrO^ i.e. 
CH 3 (OH).CH 2 Br. Bromo-ethyl alcoM. (147°) 
(H.); (165°) (L.). S.G. fi 1-66 (H.). FoVmed, 
together with di-ethylenio glycol, by heating 
glyool_ (1 pt.) with ethylene bromide (1 pt.) at 
120° in a sealed flask (Lourenoo, Bl, 1, 77). 
Formed also by treating glycol with HBr at 100° 
(Henry, A. Gh. [4] 27, 250), and from glycol 
(3 mols.) and PBr, (1 mol.) (Dcmole,°B. 9, 48). 
Liquid. 


Nitrate CH2{0N02).CHjBr. (165°). S.G. 

® 1*736. From the bromhydrin, HNO,, and 
HgSO^ (Henry, A. Ch. [4] 27, 258). 

Acetyl derivative CH2(OAc).CHaBr.* 
Glycol hromorocetin. (162°). From glycol I 
mono-acetin and HBr at 100° (Demole, A. 173, 
121). Ljquid, si. sol. water. Gone. NaOHAq 
decomposes it, liberating ethylene oxide. 

Bromo-acetyl derivative 
CH.,Br.OO.O.CH2.CH2Br. (230°-240°). From 
glycol chlorhydrin and bromine, the other pro¬ 
ducts being ethylene chloro-broraide, bromo-, 
and di-bromo-aoetio acids, and ethylene brom* 
ide (Demole, B, 9, 657). Slightly decomposed 
on distillation. 

Glycol iodhydrin CjHjIOi.e.C^{OH).CH,I. 
lodo'ethyl alcohol. Obtained in impure con¬ 
dition from glycol and HI in the cold; but if tho 
temperature is allowed to rise only ethylene 
iodide results (Maxwell Simpson, Py. 10,119). 
More lasily prepared by heating the chlorhydrin 
with excess of powdered El at 100° for 24 hours 
(Butlerow a. Ossokin, A. 144, 42; 145, 257). 
Non-volatile liquid, m. sol. water, separated from 
its aqueous solution by E^GOs. ZnMe, followed 
by water gives isopropyl alcohol. Zifl&t,^ol> 
lowed by water gives sec-butyl alcohol. 

Acetyl derivative Gl^(OAo).GH^. Qly- 
coUc iodo-acetin. From glyool mono-acetin and 
HI; or from glyool, HOAo, and HI (Maxwell 
Simpson, A. 113,123; Pr. 10, lli). Oil, which 
crystallises in tables at a low temperftture. EOH 
gives ethylene oxide. 

Glyool oyanhydrin G,E4(OH)GN. HydracrylO’ 
nitnle, (c. 220°). S.G. « 1*0588. 8, (ether;^ 

2*3 at 15°. From ethylene oxide and HC^y (£r- 
lenmeyer, A. 191,278). Miscible with water and 
with alcohol, insol. GSf HOI (S.G. 1*10) or 
aqueous NaOH give, on boiling, hydraorylio and 
acrylic acids. 

Di-ethyienie glycol 0,H,oO!, i.e. 
HO.0,H,.O.0,H,.OH. (246°-250°). 8.0.21*132. 


V.D. 3*78 (calc. 8*67). When an excess of ethyl, 
ene oxide is heated with water in sealed tubes 
there is formed glyool, di-ethylenio glyool, and 
a small quantity of tri-ethylenio glyool (Wurtz, 
A. Ch. [8] 69,330). By heating oxide of ethylene 
(1 pt.) with glycol (1 pt.) there are formed di- 
And tri- ethylenio glycols. By heating glycol 
^th ethylene bromide at 115° in sealed tubes 
glyool bromhydrin, diethylenio glycol, other 
polyethylenio glycols, and water are produced ; 
if the temperature of the mixture is allowed to 
rise above 130° the liquid turns brown and yields 
the bromhydrins of the various polyethylenio 
glyools (Louren<?o, C. B. 61, 365). By using 
glycolic chlorhydrin instead of the bromhydrin 
the polyethyi®iic chlorhydrinsmay be obtained. 
Diethylenio glycol may also be obtained from its 
diacetate by treatment with an alkali. Obtained 
also by treating glycol mono-acetin with sodium- 
glycol (Mohs, Z. 1866,495). Sweetish syrup; 
sol. water, alcohol, and ether. Nitric acid (S.G. 
1*42) oxidises it to * diglycollio acid ’ 
C()2H.CH2.0.CH2.C024glycoIlic acid, and oxalio 
acid- Cone. HIAq gives ethylene io^de. 

MonO‘formyl derivative 
CH,{OE).CK,.O.GK,.CE,{OCRO). (o. 220°). 
From the chlorhydrin and nitro-methane by 
heating for 10 hours at 200° (Pfungst, J. vr. ffl 

34,37). o . ^ L j 

Di-acety I derivative 
OH2(OAc).OH2.0.GH.,.CH2(OAo). (245°-261°). 

Formed, together with OjH,(OAc)j and the di- 
aoetyl derivatives of other polyethylenio glycols, 
by heating ethylene oxide with glacial HOAo or 
with AOjO at 100°, and fractionally distilling the 
product. Formed also from glycol diaoetin and 
ethylene oxide (Wurtz, C. B. 60,1196: A. 116., 
249). 

Chlorhydrin O^HjOlO^t.c. 
CH2(OH).OH,.O.CH2.CII2C1. (180°-186°). From 
ethylene oxide end glycolic onlorhydrin at 140° 
(Wurtz, A. Ch. [8] 69,338). Also from ethylene 
oxide and gaseous HCl; and from glyool and 
glycol chlorhydrin at 14(1’ (Lourenco.ji. OA. 131 
67. 290). 

Brom hydrin C,HpBrO, i.e. 
HO.OjH^.O.CjHjBr. (205°). Frt>m glyool and 
OjH^Br, at 160° (L.). 

Tri-ethylenio glycol 0,H„O, i^. 

CH2(0H).0H,.0.CH2.CH2.0.CH2.CH,(0H). (0. 

290°). S.G. 1*138. Formed by heating glj^ol 
with ethylene oxide (u. supra). Thick liquid, 
miscible with water and al^bol, si. sol. ether. 
Oxidised by nitric acid to * diglyooleihylenio * 
acid (C0 jH.CH 2.0)2C^H4 ; a syrupy acid which 
crystallises with difficulty and forms crystalline 
salts; EHA".-CaA" 3sq.—Ag^A". 

Di^acetyl derivative 0,(0^4)g(OAo).. 
(290°-800°). From ethylene oxide (2 mole.) ana 
glycol diacetin.^ Liquid, miSQble with water, 
alcohol, and ether. 

Chlorhydrin 0,H„010r @29°-282°). 

From ethylene oxide (2 mols.) glyoolio 
chlorhydrin (1 liol.). Liquid, solf^ter. 

• Bromhydrin OsH^jBr®,. SUghVj 

decomposed on distillation. n 

Tetra-ethylenio glyool O^nO, . 

(CH,{0H.0H,.0.02H<)A , <808°) 

mm.}. Form^ as above^liN^ 
ene bromide. * -fl' 
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Diautyl dtrivaiiv^ (above 

820°). From ethylene oxide (3 mols.) end glycol 
diacctin (1 mol). 

Chlorhydrin 0,H„CI0,. (262“-272°). 

Liqoid, sol water. 

(CH,j 0 H).CH 2 . 0 .CjH 4 . 0 ), 0 jH,' ( 281 ° at 25 mm.). 

liiquid, Bol. water, alcohol, and ether. 

Hoxa-ethylenio glycol 0|,H„0, t.e. 
(OH,(OH).CH,.O.C.H,.O.O.HJ,0. (825° at 25 
mm.). Viscid liquid ^.). 

ultTCOLAinc ACID v. Oltcollauic acu>. 

DI-BLYCOL-ErHYIEKIC ACID v. Tn-ethyl- 

Utic OLYCOL. 

BDTCODIOKOSS tj. Celluloss. 

OLYCOUNE C,H,.N,. S.G. U 1-008. 

A base formed by distilling glycerin (6 pts.) with 
ammonium chloride in a current of NH, (Et.ird, 
0. H. 92,400, 795). Liquid, smelling like pyri- | 
dine. Miscible with water, alcohol, and ether, i 
With EtI it forms a compound C,H|,N,EtI crys¬ 
tallising in lemon.yellow needles.—C,H„,NjHCl: 
needles, v. e. sol. water and alcohol. 

OIYOOUAMIO ACID NH,.CHj.CO^ v. 

Olycocou.. 

Diglycollamio acid 0,H,N0, ».e. 
NH(CH2.C02H)^ Imido-di-acetic acid. S. 2-43 
at 6®. When chloro-acetic acid is boiled with 
cone. NHjAq for 12 hours there is formed a mix¬ 
ture of glyoocoll, diglycollamio acid, triglycol- 
lamic acid, and a little glycollio acid. The solu¬ 
tion, after being freed from most of the NH.Cl 
by ppn. with alcohol is boiled with Pb(OH),. The 
pp. thus obtained contains lead triglycollamate 
(whence the acid may be liberated by ^S), and 
the soiution, freed from lead by H,3, is boiled 
with ppd. ZnCOj, when insoluble zino diglyool- 
lamate is formed, zino glycoooU remaining in 
solution (Heintz, A. 122, 257 -, 124, 297; 136, 
213; 145, 49; 156,64). Trimetrio prisms, insol. 
alcohol and ether; m. sol. water, forming an 
acid solution. Forms a nitrosaminewith nitrous 
acid. 

Salts.—NH^A'I; prisms, v. e. sol. water, 
insol. alcohol.—BaHjA",: amorphous, v. sol. 
water.—OuA^' 3aq; small blue prisms, si. soL 
boiling water!—PbA": slender needles.—ZnA": 
niinnto tables, nearly insol. water.—Ag,A": 
orystalline pp., insol. water.—Ag,A"HNO, 4aq: 
prisms, insol. alcohol.-HjA"HCl; tables, y. e. 
sol. water, m. sol. alcohol.—H,A"HNO,. — 
{H^")jH 3 SO, : small prisms. Decomposed by 
water into ^SC, and Hpk". - HjA"HjSO,: 
formed by boiling the preceding with alcohol. 

Amidt C,H.N,0, i.e. NH(CH,.CO.NHJ,. 
Prepared, together with the amide of triglycol- 
lamio acid, by beating ohloro-acetic ether with 
ammonia at 60° to 70°, eyaporating, washing 
with ether, dissolying in water, and ppg. the 
mixed hydroeWsrides with alcohol. The amides 
are liberated by Ag,0, and m*y bo soparatod by 
alcohol, which dissolyes only the amide of di- 
glycollamio add (Heintz, Z. [2] 6, 161). Tri- 
metric tables (from water); ip. sol. water, si. sol. 
<hot, nearly insol. cold, aloohd. Its aqueous so¬ 
lution is alialine.'-B'HCl: prisms (from water), 
si. sol. alcohoV-B'^HiPtOl,; six-sided tables 
(from water), insol. alcohol.-BBAuCl,: thin 
six-sided tables (from water) or long needles 
(from alcohol). 

Anilid* NH(CH,CO.NHPh), (141°J. 


Formed by digesting the ohloro-acetyl deriyatire 
of aniline with alcoholic ammonia at 100°, eya¬ 
porating, and crystallising from water (P. J. 
Meyer, B. 8,1164). Needles; m. sol. hot water, 
y. sol, ether and alcohol, si. sol, cold water. 
When boiled with aqueous NaOH it gives off 
aniline. Its nitrate crystallises in needles 
[172°]. Tomniasi (BJ. [2] 22, 8) by the action 
of alcoholic NH, on the ohloro-acetyl deriyatiye- 
of aniline at 60° obtained an amorphous com¬ 
pound C,H,|NO, 

p-Toluide NH(OHj,CO.NHO,H,)r [160°]. 
From file chloro^aoetyl derivative of toluidine 
and alcoholic NH* at 100° (Meyer, B. 8,1165). 
Kosettes of long ailky needles (from dilute alco¬ 
hol) ; si sol boiling water, m. sol. cold alcohol, 
V. Bol ether. • 

UreUe NH((5h,.CO.NH.CO.NH,),. [196°- 
200°]. From bromo-acetyl-urea and dry or al¬ 
coholic NH, at 80°-100° (Mulder, B. 6,1011). 
Slender needles; si. sol. cold, m. sol. warm, 
water. V. sol. dilute HClAq and reppd. by NH,. 
— B'HCI: crystals. - B-,H,PtCI.: needles or 
prisms! 

Nitrosamine N0.N(0H,.00,H),. [aboye 
100°], Small pale yellow tables, m. sol. water, 
alcohol, and ether.—CaA" aq: more sol. cold 
than hoy water, nearly insol. alcohol.—BaA" J aq: 
crystalline crusts.—Ag.A" : sparingly soluble 
prisms (Heintz, A. 138,’301). 

Triglycollamio acid CJI,NO, i.c. 
N(CH 3 .C 0 ,H) 3 . S.*134at6°. Formed by boiling 
chloro-aoctio acid with NH, («. supra), or digly¬ 
collamio acid with ohloro-acetic acid (Heintz, 
A. 122, 239: 136, 221; Luddeoke, A. 147, 272 ; 
Ziegler, Z. [2] 6, 669). Small prisms. Does 
not combine with acids. Fuming HCl at 200° 
splits it up into diglycollamio and glycollio 
acids. Nitrous gas does not act on it. Zino 
and dilute H,SO, reduce it to ethyl-diglycoUa- 
mio acid. 

S a 1 ts.—(NH,),HA"'aq: needles.-K,HA"'aq: 
needles, v. sol. water.-BaHA'" aq: prisms, si. 
sol. water.—Ba,A"',4aq: laminm, insol. water.— 
PbHA"2aq: prisms. S. 3-3.—Pb,A"',: lamina. 
—Ag,A"': orystalline pp. 

Bthyl ether Et,A"'. (280°-.290°). From 
the eilyer salt and EtI (Heintz, A. 140, 264). 
Liquid, more sol. cold than hot water. 

Amide N(CH..CO.NHJ,. From the pre¬ 
ceding ether and NH,. Also from ohloro-acotio 
ether and NH,. Bectangular tables (from alco¬ 
hol) ; y. sol. hot water, si. sol. alcohol. Neutral 
to litmus.—B'HCI: trimetrio prisms (from water). 
—B' 2 lI,PtOI,: tables or lamina, insol. alcohol 
and ether.—B'HAuCl,. 

OLYCOLIIO ACID 0,H,0, ».e. H0.CH,.00,H. 

I Oxyacelie acid. Mol. tr. 76. [79°]. 

Occurrence.—la the grease of sheep’s wool 
as the potas^'um salt; separated therefrom by 
forming the lead salt, decomposing this with 
H,SO„ and extracting with ether (Buisine, C.B. 
107,789). Occurs also in the juice of unripe 
grapes and in the leayes of the wild yine (Ampe- 
lopeie hederacea) (Erlenmeyer, Z. 1866, 639; 
dorup-Besanez, A. 161, 229). 

Formation —1. From hippurlo aoid either by 
treatment with nitrous aoid and decomposition 
of the resulting benzoyl-glyoollio aoid by boiling 
dilute H,80„ or by treatment with dilute H,SO, 
and decomposition of the resulting glyoooou by 
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ftitrotts (Soooloff a. Streoker» A. 80, 18).— 

2. Tartrooic aoid C 02 U.CH(OH).CO,Hia heated 
to 180°; the residne, oonsisting of nearly pure 
glycollide, is dissolved in aqueous SOH, silver ni¬ 
trate is then added, and the ppd. silver glycol- 
late dcoomposed by HOI (Hessaignes, C. R. 38,44). 

3. From glyoxal by the action of alkalis (Debus) 
and even of water. Thus, when glyoxal is heated 
with water at 150°, one-third of it is converted 
into glyoollio acid (De Fororand, 0.12.98.295).— 

4. By boiling silver bromo-aoetate with water. 
By boiling iodo-aoetio aoid with moist Ag^O, or 
lead iodo-acetate with water (Perkin* a.* Duppa, 
P. M. [4] 18, 54). In like manner by boiling 
ohloro-aoetio aoid with oaustio alkalis or by heat¬ 
ing orystalUsed chloro-aoetate of potassium or 
sodium (KekulA A. 105, 283). By boilingohloro- 
acetonitrile with lime-water (^eckurts a. Otto, B. 
9. 1591).—5. By allowing a solution of glyool 
(1 vol.) in nitrio aoid (4 vols. of B.O. 1'33) to 
stand for some days (wurtz, C. R. 44, 1300).— 
6. Together with other products from propylene 
glycol by oxidation with HNO„ or with air and 
platinum black (Wurtz, C. R. 45, 306).#- 7. By 
placing in a tall cylinder layers of alcohol, water, 
and coiio. nitric acid one above another, and 
leaving the liquids to mix by diffusion, which 
they do in about a week (Debus, At 100, 1). 
Glyo\:i(, glyoxylic acid, oxalic acid, aldehyde, 
and acetic acid are formed at the same time.— 
B. Found in the mother-liquor in the prepara¬ 
tion of mercuric fulminate (Cloez, C. R. 34,364; 
Fahlberg, J. pr. [2] 7, 331).—9. By the action ofi 
zinc and dilute H^SO, on oxalic aoid (Schulze, 

1862,616,682; Church. C.J. 16,301).—10. By 
boiling an aqueous solution of oxalic aoid for eight 
days with* zinc (Crommydis, Bl. [2] 27, 3; De 
Forcrand, Bl. [2] 39, 310).—11. By the action of 
nitrio aoid on acrolein (Claus, A. Suwl. 2,119). 
12. When tartaric aoid is warmed with oono. 
H ,80^ at 45° it gives off CO, CO„ and SOj, and 
the residue contains glycoUio and pyruvic acids 
as well as tartaric and racemic acids. The acids 
are separated by orystallilation, first of tbeir 
barium, and then of their calcium, salts (Bou- 
chardat, C. R. 89, 99).—13. From acetylene 
tetrachloride and alcoholic KOH at 100° (Ber- 
thelot, Z. 1069,683).—14. From di-ohloro-vinyl 
ethyl oxide and water at 130° (Geuther a. Brock- 
hoff, J^. [2] 7,114).—15. Occurs among the 
produoM of the action of ENO, on glycerin.— 
16. Together with glnoonio and formic acids, by 
the action of red HgO and baryta-water on gly¬ 
cerin (Herzfeld, A. 245,27). Also from glycerin 
and AgjO (Kiliani, B. 16,2415).—17. By heating 
enprio acetate (2 pts.) with water (5 pta.) at 2d0°, 
cuprous oxide being ppd. (Cazeneuve, C. B, 89, 
525).—18. By oxidising iauhn with HNO, (Kiliani, 

A. 205, 168).—18. From glucose or Icvulose byi 

oxidation with Ag,0. s 

Preparation.—!. A solution ol 10 grms. of 
commercial glycerin (85 p c.) and 6 grms. of 
Ca(OH), in 200 c.o. of water is heated on a water- 
bath with precipiUted Ag.O (prepared from 60 
grms. of AgNO,) for four hours. The liquid is 
then filter^, saturated with CO„ boiled, again fil- 
tered, and evaporated till the calcium glyoollate 
crystallises out j the yield ia 4*8 grms. (Kiliani, 

B. 16,2414).—2. Crude sugar (1 pt.) is heated with 
2 p.c sulphuric add (20 pts.), we sulphuric aoid 
removed by barium carbonate, and to the filtrate 


are added calcium carbonate (2 pts.) and silver 
oxide (1^ pts.). The mixture is heated to 80° 
until gas ceases to be evolved *, it is then filtered 
and evaporated, when calcium glyoollate separates 
out (KiUani, A. 205,191).—3. A few grammes of 
strong alcohol are gently heated in a capacious 
vessel, with a small quantity of nitric acid, till 
%he vessel becopies filled with red fumes of 
nitrous aoid; and when the action has been thus 
set up, about 500 grms. dilute alcohol of 20 {^r 
cent., and 440 grms. nitric acid of specific gravity 
1’34 are poured in. The reaction, which must 
be moderated by immersing tlio vessel in water 
at 20°O., is complete in about 12 hours. The 
liquid ia evaporated in small portions over a 
water-bath, nwtralised with lime and the mix¬ 
ture of glyoolxate of calcium, glyoxal, and gly- 
oxylate of calcium boiled for several hours with 
milk of lime, whereby both the glyoxal and the 
glyoxylic acid are converted into glycoUio aoid. 
The hht filtrate freed from excess of lime by car¬ 
bonic acid yields tolerably pure glyoollate of 
calcium; and by decomposing this salt with 
oxalic acid, neutralising the filtrate with car¬ 
bonate of lead, and evaporating, the neutral 
glycollate of lead is obtained in well-developed 
crystals. The hot aqueous solution of this salt, 
decomposed by an equivalent quantity of dilute 
Bulphurio acid, yields a solution of glyoollio acid, 
which may be crystallised by evaporation to a 
syrup at 60° or 70‘^C., afterwards in vacuo over 
oil of vitriol, and purified by reorystalUsation 
from anhydrous ether (Lautemann, Kolbe's Orp. 
Chem.\ Dreobsel, A. 127, 150).—4. By boiling 
chloro-acetio acid with water or with water and 
calcium carbonate (Fittig, B. 9,1198; Thomson, 
A. 200, 76; Holzer, B. 16, 2955). 

Properties. —Needles (from water) or plates 
(from ether). When not quite pure it is de¬ 
liquescent. V. sol. alcohol and ether. Scarcely 
extracted by ether from its aqueous solution. 
Very slightly volatile with steam. When strongly 
heated it gives off pungent fumes and forms gly- 
collide and formic paraldljliyde (Krupsky, Z. [2] 
5, 177). Cone. HNO, oxidises it to oxaUo 
aoid. According to Claus (A. 146, 256) it 
may be reduced to acetic acid* by zinc and 
HaSO«. Cone. HBrAq at 100° slowly dbn- 
verts it into bromo-acetio aoid (Kekul5, A. 130, 
11). Glyoollio aoid yields methane /3 vols.) 
and hydrogen (1 vol.) when distilled witn excess 
of quicklime (Hanriot, Bl. [2j 45,80; 0. R. 101, 
1156). With ohloralide at 125^ it slowly forms 
CH,.0 

^OH.COi, [41°], which forms smaU 

crystals, sol. alcohol, ether, and chloroform 
(WaUaoh, A. 193, 35). 

9altg._NH,HA',: slender needles; v.soL 
water and hot alcohol.—NaA'i^U eniall orystals 
(from water).—NoA'Jaq (from mluto alcohol).— 
NaHA',: silky needles.—Na,0,H,0,2aq: small 
deliquescent needles (De Forcrand, Bl. [21 
104).—TLA'; long pointed needles.—KA'Jaq; 
silky needles.—(StA'jSaq (Lubavin, J, R, 14, 
2tf7).—CaA',5aq.—CaA',4aq fittig, /. pr. [2] 10, 
871).—CaA',daq (Debus; Bdttjpger, A. 198,228). 
—CaA^l^aq: stellate groups of asbestos-Uke 
needles; si. sol. cold water.—O&AV Obtained 
by evaporating a solution at 100° (Fahlberg; 
darios, J. pr* [2] 9, 303). OrostB of imall 
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orystttls. S. I'a at 10° (Debus, i. 166,117) i 5'8 
at 100° ^ahlberg).—C/aA^CaCl^Caq: ^separates 
from a highly concentrated solution containing 
the two salts in large ootabedra, permanent ^ver 
•ulphurio acid in the exsiccator (Jazukovitoh, 
Z, 1864, 62). — CaA'3CaCl,2aq (Uottinger). A 
double calcium salt of glyoollio and glyoxy lie acids 
GaO,H 40 ,(CaO|H,Of}, 2 aq crys^talliscs from the 
product of the oxi^tion of alcohol.—SrA',5aq : 
minute slender needles, nearly insol. alcohol 
(Scheiber, jw. [2] 13.436). S. 3*3 at 19°.— 
BaA,: monoclinio prisms. S. 13 at 17°*— 
MgA 1 2aq: extremely thin minute needles. S. 8 
at 18° (Scheiber). V. sol. boiling water.— 
ZnA22aq: tufts of needles or prisms. S. 3 at 
17°. Beadily forms supersati^ated solutions 
(Schulze).—PbA^,: monoclinio crystals resem* 
bling gypsum. S. 8 at 16°.—PbA'jPbO: from 
the calcium salt and lead subacetate. Crystalline. 
8. *01.—PbA'jPbClj. Formed by adding lead 
chloride to the ammonium salt (Engel# Bl, [2] 
44, 424).—GuA',: blue crystals. S. *7 in the 
cold.—HgA'jHgCl,: prisms, si sol. cold water. 
Formed by boiling ohloro-acetic acid with HgO. 
—AgA': spangles, si. sol. cold water; decom¬ 
posed by boiling water. Insol. alcohol (KekuU). 
—AgA'aq: large crystals (Bessaignes).—AgA'^aq: 
monoclinio lamins (Naumann, A. 129,278). 

Acetyl derivative AcO.C£L.CO.jH. From 
glyooUio acid and Ao,0 at 160° (Senff, A. 208, 
277). Small prisms, v. e. sol. water, ▼. si. sol. 
alcohol. Decomposed by alkalis into acetic 
and glycollio acids.—CaA '2 2 aq : from acetyl^ 
glyooUio ether by boiling with lime (Heintz, A, 
123,326). 

Benzoyl derivative BzO.CH^.CO,^. 
Formed by the action of nitrous acid on hippuric 
acid (Streoker, A. 68 , 64; Strecker a. SooololT, A. 
80, 18). It may also be prepared by slowly 
passing chlorine into a solution of hippuric acid 
in moderately dilute KOH, neutralising with HCl, 
evaporating and extracting with ether (Gossman, 
A. 90,181 ; Strecker, A. 91,369). Prisms (from 
alcohol) or lamins. ^ 1 . sol cold, m. sol hot,water; 
T. sol. alcohol and ether. Melts under water. 
Gives off benzoic acid when heated strongly. 
Decomposedeby boiling water into benzoic and 
giyooUio adds; this hydrolysis is accelerated by 
Uie presence of mineral aci^. Sodium-amalgam 
forms * benzolefo ’ acid G,H„Oo and an acid 
CiiHtiOj, which has an odour of excrement, is 
insol. water and ether, but v. sol alcohol, and 
forms gummy: BaCigl^O, (Otto, A. 146, 360). 
Salts. — Ntt^H,0*3aq. — CaA'a2sq. — CaA',aq: 
slender needles. S. 2*36 at 11°; 18*3 at 100°. 
Beadily forms superaattfrated solutions. Forms 
a double salt with CaClf.—BaA', 2aq : deli¬ 
cate silky needles.—PbAV—(PbA',)jPbO 8 aq.— 
(FeA^),{Fe 20 ,), 81 aq: volaminons fiesh-colou^ 
pp.—daqi^A^'* 

m^Ohloi^benMoyl privative 
O^filCO.O.OE^OOfi. ^om «-ohloro-hip. 
ppio add and nitrous acid (Otto, A. 122,164). 
waxy crystalline mass, al sol water. 

Methyl ether BO.CB^O^Ae, (161°i.V.t. 
' S.G. 1 1*1868 (Schreiner, B. 12,179; A. 19Z, 1). 

Sthyl ether HO.CHrOO^t. (160° i.V.). 
8 .G. § 1*1978 \ 8 ohreiner). Formed oy treating 
ehloro-acetio ether with rather more than an 
equivalent quantity of sodium glyooUaie (or of 
f^sm aeetate in presenoe of dcohol) at 140° 


(Heintz, P. 114, 440; A. 123, 826; Schreiner, 
A. 197, 6). Prepared by heating glyoollide wit!) 
alcohol in sealed tubes at 200° (Norton a. Tsober- 
niak, C. li. 87, 30). Liquid, which dissolves in 
water forming a neutral solution from which it 
may be separated by E^CO,. Boiling alkalis 
decompose it into alcohol and glyoollio acid. 
With aqueous NH, it forms the amide (v.tn/ra). 
It combines with CaClj, With POIj it reacts iii^ 
the cold forming ohloro-acctlo ether (Henry, B* 
3, 705); excess of PClj at 160° gives ohloro- 
acetyl chloride. A mixture of HNO, and H^SO, 
forms NO,.O.CH,.CO^t (181^). S.G. 1*211 
(Henry, A. Ch. f4] 28,424). Cyanio acid forms 
the allophanyl derivative [144°] of which the 
corresponding acid melts at 192° (Traube, C. C. 
1888,1435). 

Acetyl deri&ative of the ethyl ether 
AoO.CHj.CO,Et. (179°;. S.G. H 1 009. Pre- 
pared by heating ohloro-acetic ether with dry 
NaOAo at 170°. Formed also by the action of 
alcoholic KOAc on bromo-acetic ether (Gal, A. 
142, 370). Formed also by passing chlorine into 
a cooled alkaline solution of aceturio ether (Cur* 
tiuB, B. 17, 1673). Liquid, si sol water. NH, 
converts it into acetamide and the amide of gly¬ 
ooUio acid. Solid KOH saponifies it. HBr forms 
ethyl bromide, HOAo, and bromo-aoetio acid. 
HI, even in the cold, forms EtI, acetic ether, and 
HOAo. 

Propionylderivativeofthe ethylether 
C,HjO.O.CH,.CO^t. (200°). S.G. 2 a i-005. 
From cbloro-acetio ether and sodium propionate 
at 176° (Senff, A, 208,274). Colourless, strongly 
refracting, liquid, v. si sol. cold water. 

Butyryl derivative of the ethylether 
C*H,O.O.CHa.OOgEt. (206^). S.G.' ^ 1029. 
From bromo-acetic ether by heating with potas¬ 
sium butyrate (Gal, Bl. [2] 7, 329). 

Isobutijryl derivative of the ethyl 
ether Pr.CO.O.CH,.CO.Et. (197°). S.G. 23 
1*024 (S’enff, A. 208, 271). 

Carbonyl dei ivative of the ethylether 
CgHijO, i.e. C0(0CHj.C02Et)j. CarbO’diglycolUc 
ether. (280°). Formed, together with ethyl- 
ohloro-formate and glyoollide, when gaseous car¬ 
bonyl chloride COCl, is passed through glycollio 
ether (Heintz, A. 154, 26*^. Viscid heavy oil, v. 
sol. alcohol and ether, ^adily deconmosed by 
bases into carbonate and glycollate. ^ 

Carboxy-glycolHc ether G,H,20| ue, 
CO^t.O.CHj.CO^t. ( 0 . 240°). Formed by 
heating chloro-formio ether with glycollio ether 
(Heirtz). Heavy oil, v. e. sol alcohol and ether. 
0 Benzoyl derivative of the ethyl ether 
C„H,A BzO.CH,.COjEt. (287° cor.). S.G. 

1*1609. From ohl(vo-acetio ether and NaOBz 
at 180° (Andrejcff, A. 188, 284). Also from 
diazo-aoetio ether by heating with benzoic acid 
(OurtiusL vU. 

Propyl ether (171° i.V.). 

S.O. H 1*0640 (Schreiner, A. 197,1^. 

Chloride HO.Gfi,.COOl From glyeoUic 
acid and PCI, (Fahlberg, J. [2] 7,848). Ex- 
cess of PCI, at 120° gives ohloro-acetyl chloride. 

im4dsHO.OH,.CONH,. [120°]. Formed by 
dissolving glyoollide in aqueous ammonia 
(Heintz, A. 128, 822). Formed also by the 
action of aqueous NH, on ^ycoUio ether. Left 
as a residue when ammonium tartronate ii 
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heated Above 150^ (Dessaigaeat C. 38, 47). 
Crystals ffrom water). V. eol. water, m. sol. 
alcohol (its isomeride glycoooU is nearly insol. 
alcohol). Does form salts with bases. Does not 
hinder the ppn. of CujOH),. Boiling KOHAq 
converts it into glyoollio acid. Dilute fiOlAq 
does the same. 

Ethylamide HO.CHj.CO.NHEt. (260®). 
From chloro-acetio ether and alcoholic ethyl* 
amine (Heintz, A. 129, 27). Syrup; miscible 
with water and alcohol, sol. ether. Decomposed 
by alkalis, even in the cold, into ethylamine and 
glyoollio acid. * 

Anilide HO.CHj.CO.NHPh. [108®]. S. 6 
at 20®; 100 at 100®. From glycollide and ani* 
line at 130® (Norton a. Tsoherniak, C. R. 86 , 
1832). Monoclinio needles i 'v o. sol. alcohol and 
ether. * 

Di-bromo-O’toluidt 

HO.CHj.CO.NH.C,HjBr,Me. [182®]. From its 
acetyl derivative Ac 6 .CHj.CO.NH.C,H 2 BrjMe 
[172®], which is got by heating the compound 
£r.C^.CO.NH.O«H,Br.Me with acetamide at 
160® (Abenius a. Widmann, J, pr, [2] ^ 8 , 286). 
Needles (from alcohol). 

Acstyl derivaiivs of the nitrile 
0,H,NO,t.«.AoO.OH30N. (176°). 8.G.,5^U*100. | 
From chloro-acetonitrile and alcoholic KOAo 
(Henry, C. R. 102, 768). Liquid, smelling like , 
acetic acid. Has a sweetish bitter taste. M. sol. 
water. With HGl it yields chloro-acetio acid (7). 

Anhydride v.GhYOOLLioE. i 

Methyl derivative MeO.CH 2 .CO 2 H. 
(178°). S.G. 1*180. Prepared by dissolving so¬ 
dium (2 atoms) in methyl alcohol and mixing 
the solution with ohloro-acetic acid (1 mol.). 
Purified by means of its zinc-salt. Thick syrup, 
miscible with water. Not decomposed by boiling 
alcoholic NaOH. Salt8.~KA'4aq: largeprisms 
(from water); permanent in the air. Beadily forms 
super-saturated solutions. Sol. aloohn).—NaA': 
deliquescent.— 0 aA '2 2 aq: Mmmy, but becomes 
orystalline over HjSO^.—BaA',: prisms, v. sol. 
water, nearly insol. alcohol.—PbA^ crystalline 
mass, sol. water andalcohoL—Cu A' 22 aq: greenish 
monoclinio prisms, sol. water and alcohol.— 
ZnA'j 2aq: acute trimetrio ootahedra. 8 . 27*4 
at 18*4°. Sol. alcohol.—AgA': delicate flat 
needles (from hot water). 

Me^yl derivative of the methyl ether 
Me 0 . 0 H 2 . 00 ,Me. (133°) (Schreiner, B. 12,179); 
(127° i.V.) (Falsing, B. 17, 486). S.G. ^ 1*0890 
( 8 .). Volatile with steam. 

Methyl derivative of the ethyhether 
MeO.CHrCO,Et. (139°) (S.); (131°) (F.). ^G. 
S 1*0740. 

Methyl derivatitfe of the propyl ether 
MeO.CH;.CO,Pr. (147° i.V.). 8.0.81*0662. 


Ethyl derivative ;^0.CH2.0OjH. 
Bthyl-glycolUcacid, (199°) (Sohrema), Formed 
by the action of alcoholic NaOEt on ohloro* 
acetic acid (Heintz, F. 109,489; 111» 662), The 
resulting mixture is Altered from Na01,eTapo-J 
rated, dissolved in water, and mixed with cupric 
sulphate in quantity rather more than equivalent 
to the sodium used. The mixture is evaporated 
over the water-bath, and the residue is exhausted 
with alcohol which extracts ouprio ethyl-glycol- 
late. After purifleation by crystallisation this 
salt is decomposed by Ettiyb-glyoollio acid 


is also formed from CHsCtCOl, and excess of 
NaOEt (Geuther a. Brookhofl, X w. [2] 7.101). 
Liquid. Partially decomposed on distillation wito 
production of formic paraldehyde. When boiled 
for a long time with inverted condenser it forms 
glyoollio acid and etbyl-glycoliic ether. HIAq 
mves EtI and glycollic acid. Salts.—BaA',: 
crystallises with, diiScuIty; v. sol. water and 
alcohol.—CaA' 22 aq : minute needles (from alco¬ 
hol-ether).—CuA' 22 aq: bluoprisms. S.14*2atl4*. 

Ethyl-derivative of the methyl ether 
EtO.CH,.CO..Me. (142M.V.); (148°) (F.). S.G. 
g 1*0146 (Schreiner, A. 197,1). 

Ethyl derivative of the ethyl ether 
EtO.CH 2 .CO.F 5 t. EthyUglycollie ether. (168°) 
(S.) *, (162°)' S.G. g *9996. Obtained as 
above; also from chloro-acetic ether and NaOEt 
(Henry, B, 4, 706). Formed also by treating 
EtO.CH 2 .CO,Na with alcohol and EtI. 

Ethyl derivative of the propyl ether 
Et0.0H2.C02Pr. (166° i.V.). S.G. g *9944. 

Ethyl derivative of the isoamyl ether 
EtO.CH 2 .CO,OjH„. (180M90°). From sodium 
ethyl-glycoUate and isoamyl iodide in alcohol 
(0. Siemens, /. 1861, 452). 

Ethyl derivative of the chloride 
EtO.CIL.COCl. (128®). S.G. i 1*146. From the 
acid and PClj (Henry, B. 2,276). 

Ethyl derivative of the amide 
EtO.CH 2 .CONH 3 . (226°). From EtO-CHyCOjEt 
and cold NH,Aq. Trimetrio prisms. Melts 
below 100°. V. e. sol. water, v. sol. alcohol and 
ether. Gives with Br and KOHAq the urea 
EtO.CH 2 .NH.CO.NH.CO.CH 2 .OEt [80°] (Hof. 
mann, B. 18,2734). 

Ethyl derivative of the nitrile 
EtO.C:^.CN. (133°). S.G. M *909. Formed by 
distilling the amide EtO.CH 3 .CONIL (40 g.) with 
PjO, (60 g.) (Norton a. Tsoherniak, C. B. 87, 27). 
Liquid, si. sol. water, v. sol. alcohol and ether. 

Tri-chloro-ethyl derivative 
001,.C^.O.CH2,C02H. [70°]. Formed, toge- 

ther witn chloro-acetio acid, by wanning tri- 
ohloro-ethyl alcohol witl^ aqueous EOH (Oar- 
EarolU-Tbumlackh, A. 210, 71). Small plates 
(from water). V. sol. alcohol, ether, and boiling 
water.—CaA'jSaq: needles, m.*8ol. water.— 
AgA': needles. • 

Propyl derivative of the methyl 
ef Aar PrO.CH 2 .COjMe. (179°i.V.). S.G. g *9850 
(Schreiner). 

Propyl derivative of the ethyl ether 
PrO-CKj-COjEt. (185°i.V.i S.G. § *9760. 

Propyl derivative of the propyl 
ether Pr 0 .CH 2 .C 02 Pr. (192° iX). S.G. g 
•9778. • 

leoamyl derivative CiH|,O.CHj.OO,H. 
(285°). 8.G. 1*003. From sodium isoamylate, 
isoamyl alcohol, and obloro-aoetic acid (Heintz, 
P. 109, 801). Liquid, si. ^water, miscible 
with alcoholand^ther.—NaA'zaq: [190°-200°]; 
thin rectangular plates (from alcohol); v, sol. 
water and alcohol, insol, ether.—EA'aq: [200°— 
310°]; long prisms OP thin plates. Pp. by adding 
ether to its aloohto solution.—HgjA',: [170^5 
white powder, v. si. sol. water, si. sot alooh(d.~* 
CuA',: minute bluish-green prisms; v. si. soL 
water, m. sol. alcohol.—AgA^: slender needles 
(from water). 

Xsoamyl derivative of the alAgft 
alA«rO»H„O.CH,.GO^i (212°). From sod^ni^ 
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iBoamyl-glyooUlteOiH^O.Oi^OOaNft and EtI in 
alooholio solation at 1 (^ piemens). 

Phenyl derivative u^HaO,«,«. ^ 
OaHiO.CHpOOjR Phenoxy-aceHc acid. [07^. 
(286'^). S. 1* By heating NaOPh 

with ohloro-acetio acid (Heintz, J. 1869,361).— 
2. By heating tri*bromo>eihyIene mth aloonol, 
KOH, and phenol at 170^ (Sabanejeft a. Dworko** 
witsob, A. 216, 284). Preparation.—-!. Eqoiva- 
lenifu of phenol (1 part] and ohloro-aoetio aoid 
are melted together ana (300 pts. of) eolation of 
NaOH (S.G. 1*8) is added. The resulting crystal* 
line mass is pressed out, dissolved in water and 
acidified with EGh The aoid separates as an 
oil which soon becomes orystalline (Giaoosa, 
J.pr. [2] 19,896).—2. By stirring in an iron pan 
a concentrated solution of sodio Woro*aoetate 
(12 pts.) with sodic phenylato (10 pts.). As soon 
as the &st reaction is over, the mass is heated, 
with constant stirring until it becomes pasty. 
This is dissolved in water before it is quite cold. 
The aoid is thrown down by ECl and crystallised 
from water (Pritzsohe, J,pr. [2] 20, 269). The 
yield is 90 percent. Prwwfties.—White needles 
(from water). Taste both aoid and bitter. Anti* 
septic. Scarcely volatile with steam. Soluble 
in ether, glacial acetic aoid, benzene and OS^ 
Etherified on keeping in alcoholic solution for 
24 hours. Reactions.—1. FeCl, gives a yellow 
pp.—2. Dilute nitric acid (S.G. 1*19) converts 
it intodi-nitro-phenol.— 8 . Bromine-water forms 
O^Br.O.GS 2 .CO^(Giacosa).—4. Violently at* 
tacked by POl^ forming PhO.OCl 3 .COlf and 
C,H,C1.0.0E,.C001 (Michael, J. pr. [2] 35, 96). 
8 alts.—NaA'4aq. Needles (from alcohol).—KA^ 
Scales (P.). Needles (G.).-NE,A'. Scales (P.).— 
CaA' 3|aq.—BaA', 3aq.—OuA '3 2aq : sparingly 
soluble minute prisms.— AgA': slender nee^es 
grouped oonoentrioally. Methyl ether.— 
MeA'. (246® unoor.). S.G. UA 1*160. Ethyl 
ether.-EU'. (261®uncor.). S.G. {II 1*104. 
Amide.—CBf(OPh)OO.NB,. [102®]. PromNE, 
and BtA'. Nitrile.-OE,(OPh)CN. (287®). 
8 .G. El* 1*09. PromrPsO, and the amide. 
Thio.amide. — Ca‘(OPh)CS.NHf. [111®]. 
From the amide and alcoholic sulphide of 
ammonium. V^ilide. — OB 3 (OPh)CO.NHPh. 
[998}. Formed by heating phenyhglycoUate of 
aniline to 160®. 

Bromo’phenyl derivative 
0 ,B 4 Br.O.CIi,.OO,H. Bromo-phenyl-glycollic 
acid, [164®]. Solidifies at 148®. Formed by 
aaponi^^ its ether. Also from the phenyl 
derivative and Bf. it forms dimetric prisms, v. 
sol. alcohol, hardly solable in water. Salts.— 
NaA' 2 aq.“BaA' 3 l^aq. Eihyl ether.—'&i'A. 
[69®]. Solidifies at 28®. From phenyl-glyoollio 
ether (70g.) dissolved in CS| (140g.), cooled to 
0 ®, ana treated gradually with bromine ( 66 g.) 
(Pritzsohe, J. j)r. [2] 20,296). Pro^tws.—m* 
loluble in waterfo^^taUises from ailoohol. 

Ohloro-^her^l derivative 
C^jCl.O.OHiCOji [162®]. Formed from 
C»H..O.GHrCO,E by successive treatment with 
PC1| and water (Michael, [2] 86 , 96). 
Prisms. e ' 

o-Hitro-phenyl derivative 
[NO,)CAO.CH 3 . 003 B. [157®]. Preparation,- 
>*Nitropbenol (80g.), ohloracetio acid (20g.) 
\ 6 utraiised with strong NaOH are heated at 100® 
it U hours. The ym is lair (16g.) (A. That#, 


/.pr. [2] 29,148). ProperNei.-**Yellowish-white 
pyra^ds (not regular ootahedra). Doubly le* 
fmeting. Eeoeft^.—1. Beduoed aUmline 
solution by sodium amalgam to azozy-, azo*, 
bydrazo*, and amido* phenyl-glyooliio aoid suc¬ 
cessively. The azo- acid Nj(OJB[ 4 . 0 .CEtyCOjH)f 
is crystalline [162°],—2. Beduoed byi«>n-*^Wn^s 
andnestte acid to amido-phenyl glyooUic aoid, or 

rather its anhydride 0 ,E 4 ^g®’Q)> [167®] • 

(Thate, J. pr. [2] 26, 266). This anhydride 
IS not affected by Ao,0 at 180®. When heated 
with zinc-ddst it yields a very small quantity of 
a base 0,H|NO ( 0 . 200®) (Duparo, 3. 20,1942).— 

8 . Beduced by ftannous chloride and HCl to the 
anhydride of ohloro* amido-phenyl-glyozylio 
aoid together with variable quantities of the 
anhydridv of amido*|»beny !-glyoollio aoid (Thate). 
Salts. — NaA^aq. — 6aA2aq. — CuA',2}aq 
(Pritzsohe, /.pr. [2] 20, 284). 

o^Eitro-phenyl derivative of the 
ethyl ether [ 2 : 1 ] 0 ,H,(N 08 ).O.CH,.CO,Et. 
[49®j. Colourless needles, sol. alcohol, ether, 
and benzene, insol. water (Duparo, B. 20,1942). 
Beduced by tin and ECl to a base C^HgClNO,, 
which crystallises in long needles [196®], sol. 
alcohol and alkalis, insol. ether. 

p-NUro-phenyl derivative 
[ 4 :l] 0 ;a,(N 0 j 0 .CEyC 03 B. [188®]. From 

sodium p-nitro-phenol, sodium ohloro-acetate, 
and caustic soda, each in concentrated solution. 
The mixture is evaporated, extracted with water, 
.{tnd treated with ECl. The acid is recrystallised 
from water (F.). Pale yellow plates. May be 
reduced to very unstable p-amido*pbenyl-gly- 
ooUto aoid. Salts.—NaA'Saq.—B^'flOaq.— 
OuA'flOaq. 

o-Amido-phenyl derivative 
"N^ 0 ,H 4 .O.CJ^.COfH. o-AmidO‘phenyl-gly» 
collie acid. This aoid splits up at the moment 
of its formation into EjOand an anhydride: 

[167°]. SoKdifie8atl44°. 

Preparation. —o-Nitrd-phenjI-glyoolIio aoid i. 
reduced by iron filings and dilute (25 p.e.) acetio 
acid. The prodnet is diluted, filtered, evapo¬ 
rated, and extracted with aleohol. The alco- 
holio extract is evaporated and the residue 
crystallised from water (A. Thate, J. pr. [2] 29, 
178). PropertiM.—Vbite cubes (from dilute al¬ 
cohol), which nevertheless are doubly refracting. 
Sickle-shaped needles (from water), composed of 
small prisms joined in staircase fashion. Sol. 
ether, benzene, and alkalis. Can not be con¬ 
verted into a ohloro- derivative by boiling with 
HCI. Boiled with alkalis the anhydride forms 
salts of amido-phenyl-glyooUio acid. Salts.— 
KA'. Solntions of this ^t give with BaCl, no 
np. in the cold, a white pp. on boiling; with 
Pb(OAo)„ a hMvy white pp.; with AgNO„ a oo- 
pioue white pp.; with Fe 01 „ a dark brown pp.} 
with OuSO,, a orystalline green pp. Acids ppt. the 
anhydride deacribed above—PbA',.—AgA'. 

Ohloro-o-amiio-phtnyl derivafivt 
<.OA(NH 2 )(S.O.OH,.CO,H. Ohloro-o-amido- 
phent/UylyeoUie aM. 

J O.OH, 

inhpiride [197°]. 

Preyiara(io».-o-Nitro-phanyl-glyoallio aoid it 
digested at 100° with a Kdotltm of BnOl, and BQ 
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As 8000 fts iha liqnid is filled with crystals it is 
allowed to cool, filtered, and reorystaliised from 
alcohol (A. 3^1wte, J. pr. [2] 29,183). Proper- 
White s^y branching needles, insol. cold 
water, si. sol. hot water, ether, and benzene, eol. 
alcohol. S^lts.—KA^ Obtained by digesting 
the anhydride with EOH. Its solution gives with 
BaOlj, no pp.; Pb(OAo)j, white crystalline pp.; 
with AgNOj, white flooculent pp.; FeCl„ dark 
Wine-red colour and, after a time, finely-divided 
cherry-red pp.; CuSO^, yellowish-green pp.— i 
NaA'.—AgA'.—PbA'j. ] 

Aldehydo-phenyl derivative^}, vol. i j 

p. 110. • ! 

p-Tolyl derivative OgH^O,i.e. 
OH,.CgH 4 . 0 . 0 H 2 .C 02 H. [135®].* I^om chloro- 
noetic acid, p-cresol, and NaOHAq (Gabriel, B. 
14, 923; Napolitano, O. 13,*Transparent 
prisms.— NaA' ^aq : thin prisms. — mA' aq: 
lamin».—BaA '2 2 aq: tables or prisms; si. sol. 
cold water.—PbA'a aq: lamin®.—AgA'. 

o->Cumyl derivative C„H, 40 si.e. 
C 2 :l]Pr.OgH*.O. 0 H.,.CO 3 H. [130®]. From o-iso- 
propyl-phenol, chloro-aoetio acid, and aqueous 
NaOH (Fileti, 0. 16,129). Needles (from>9ater). 
Forms a crystalline Ba salt and amorphous Pb 
and Cu salts.— AgA': white needles. 

p-Cumyl derivative 
[4:l]Pr.C«H,.0.CH^.C0^. [81®]. Froifl p-iso- 
propyl-phenol, ohloro-acetio acid, and NaOHAq 
(Spica, 0, 10, 248). Silky needles, sol. water, v. 
sol. alcohol and ether. Unlike its o-isomeride, 
its solution is ppd. by HgCl,, by AuClj, and by 
PtCl^.—BaA'^ 2aq: micaceous scales, m. sol. hot. 
water.—PbA '2 2 aq: scales with hexagonal bases, 
si. sol. water, sol. alcohol. 

Thymyl derivative 

0 ,H,.CgH,Me. 0 .CH,.C 02 H. [148®]. Solidifies 

at 132®. Formed by adding 30 g. of a solution of 
NaOH (S.G. 1*34) to a fused mixture of thymol 
(15 g.) and ohloro-acetic acid (lOg.). Long nee¬ 
dles (from alcohol). SI. sol. water, v. sol. alco¬ 
hol and ether. May be distilled witH slight 
decomposition (Saarbaoh,/.iw. [2] 21, 159).— 
BaA'j 2aq : prisms.—PbA'j.— k%h! : flocculent 


pp. 

Ethyl ether of the thymyl derivative 
0 ,H,.C,H,Me. 0 .CH 2 .C 0 ,Et. (290®). 

Amide of the thymyl derivative 
C,H,. 0 gH,Me. 0 .CHj.C 0 .NH 2 . [97®]. V. sol. hot 
water, alfohol, and other (Spica, Q. 10,245). 

Oarvacryl derivative 
O,H,.O,H,M 0 .O.CH 2 .CO.,H. [Un Formed 

finm carvacrol and chloro-aoetio acid (Spica, Q. 
10, 246). White needles; si. sol. water, sol. 
alcohol and ether.—BaA'^daq: prisms, so^ 
water.—PbA'j; gummy mass (by ppn.), or 
minute prisms (from alcqhol).—AgA': minute 
needles. , , . 

Ethyl ether of the earvacryl deriva* 
Hve 0 ,H,. 0 ,H,Me.O. 0 H 3 .COaEt. (»9®). Oil. 

Amide of the earvacryl derivative 
0 ,H,. 0 AMe. 0 .CH 2 .C 0 .NH,. [ 68 ®]. SI. sol. 

cold water, sol. alcohol tmd ether. 

Eugenyl derivative 
0,Hg.OgH,(OMe).O.OHa.CO,H. [81®]. Formed by 
adding 80 g. of solution of NaOH (S.G. 1*341 to a 
fused mixture of chloro-aeetio acid (10 g.) and 
eugenol (10 g.). Forms long satiny needles 
water). Not v. sol. water (L. Saarbaoh, 
>, pr, p] 81,168).-NttA'liaq. 


{a)-Naphthyl derivative • 
0,aH,.0.C^.C0jH. [190®]. Formed by beating 
(a)-naphthpl with chloro-aoetio acid and gradu¬ 
ally adding KOHAq (Spica, Q. 16, 437). Tbe 
product is diluted with water, acidified witli 
HCl, and the pp. dissolved in aqueous ammo¬ 
nium carbonate to separate the unaltered (a). 
ngpbUioL Small pale-red prisms, si. sol. water, 
y. sol. ether and 4loohol.—EA'aq: long acicu- 
lar crystals, v. sol. water.—PbA'^d^aq: white 
crystalline pp.—BaA',4|aq: white needles.— 
MgA', 6 ^aq: pink scales. S. 2*46 at 28®. 

Ethyl ether of the {e)-Naphthyl 
derivative 0,«H,.O.OHa.CO,Et. [173®]. 
Colourless crystals, sol. alcohol and ether. 
Alcoholic NH, gives a crystalline pp. of the 
amide C,oH,.O.^H 2 .CONHj. [155®]. 

{p}-Naphthyl derivative 
0 ,oH,.O.CH 2 .C 02 H. [161®]. Prepared in like 
manner, using (i9)-naphthol (Spica). Trimetrio 
prisms ;.v. si. sol. water, sol. alcohol and ether. 
—NH,^^: white unctuous scales [180®].—KA'. 
—BaA'jS^aq: laminffi.—{PbA'j),PbO: white crys¬ 
talline pp.—MgA'jSaq. 8 . *62 at 26°. 

Ethyl ether of the {&)-naphthyl 
derivative 0,„H,.O.CHj.COjEt. [49®]. Large 
transparent scales; converted by alcoholic NH, 
into the amide C,oH,.O.CHj.CO.NHj. [147®]. 

Tolylene derivative 
Me,0,H,(0.CHj,C0jH),. [217®]. From oroin 
(62 grms.), cbloraoetio acid (100 gnns.) and 
caustic soda solution (640 grms. of 31 percent.). 
The reaction is violent (Saarbach, J. pr. [2] 21, 
l62). Thin crystals (from water). SI. sol. water, 
V. sol. alcohol and ether. Its solutions give an 
orange pp. with FeOl,.—NajA" 3aq. V. sol. water. 
Needles (from alcohol).—K,A"8aq.—OaA"2aq. 
Ethyl ether.—EtjA", [107°]. Amide.— 
Me.OJH,iO.GH 2 .CONH 2 ) 2 . Amorphous. 

Nitro-tolylene derivative 
Me. 0 ,H 2 {N 02 )( 0 CH,.C 0 jH),. [l40®]. Formed 

by the action of HNO, (S.G. 1*12) at 100® on 
the tolylene derivative. Crystallised from alcohol 
(Saarbaoh, [2] 21,16^. 

Pyrogallyl derivat^e 
C,H,( 0 CHj.C 02 H) 3 . [198°]. 8 . 1*3 at 16®. 

Formed by melting pyrogallol pts.) with 
chloro-acetio acid (30 pts.) and then boiling with 
(200 pts. of) solution of soda (S.G. 1*8), and 
aoidimng when cold (Giaoosa, J. pr. [2] 19,898). 
-K,A"'.-KH 2 A"aq. 

BiglycolUo acid G^H^O, i.e. 0 (CH 3 .G 0 ,H),. 
ParamaHc acid. Mol. w. 184. [148®].' Bm 
41*90 in a 14 p.o. aqueous solutftn ^anonniko^. 

Formation.—1. Occurs in the preparati<m 
glyooUio acid from chlcgro-acetic acid by boiling 
with aqueous NaOH (Ueintz, P. 109, 470), with 
alkaline earths, and with water and PbO or 
magnesia (Schreiber, J.pr. [2] 13, 436).—2. By 
Ixidiaing di-ethylenio glycol with nitric acid or 
platinnm-blaok (Wurtz, C. B.^f 162).—8. A 
by-product in the preparation of glyooUide by 
heating glyoollio acid to 220® (Heintz, P. 116, 
280, 462). 

, Properties .—prisms (containing a^. 
Has^o action on light. V. s<^l. water and u* 
cohoi. On distillation it gives formic paralde* 
hyde and other products (Heinti^ A. 1%, 129). 
By heating with HlAq it is suooessivsly oon- 
' verted into glycollic and aoetio acids. Fuming 
{ HOiAq •! 136® yields glyoolUo acid i« 
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130,257). Fotiish.lasion gives ozalio and aoetio 
acids. P01( forms ohloro-acetyl chloride. 

Salta.—The neutral alk^lmesalts {.re easily 
soluble in water, other diglycollates are but 
sparingly soluble.—long monocliuio 
prisma, inaol. alcohol. S. 3‘26 at 16®.—KHA": 
trimetrio crystals, si. sol. water.—K jA": long deli¬ 
quescent needles.—NaHA": small tables, si. sol, 
water, insol. alcohol.—NaKA"fiaq: small tabu¬ 
lar prisms with nacreous lustre, insol. alcohol. 
C100'^].-Li^" 5aq. 8. 46 at 18-6®—LU" 2.)aq 
(Schreiber, J. pr. [2] 13, 436).-BaH,A",: hard 
granular crystals.—BaA" aq: white crystalline 
pp. 8. *17 at 100®.—CaA" Caq: long shining 
needles. Much less soluble than calcium gly- 
collate. — CaA" aq. — CaA" 3aq. — CaA" 4aq. — 
CaA"6aq.—SrA"aq.—SrA"4aq:t> limpid, non- 
efflorescent crystals.—MgA"3aq: small prisms. 
—PbA" : minute crystals, si. sol. water. — 
CuA"^aq: blue crystalline pp. — ZnA".— 
ZnA" 3aq .—: white granular pp. , 

Ethyl ether EtA". (240®). From the sil¬ 
ver salt and EtI (Heintz, A. 144,95). Also from 
chloro-acetic ether, sodium glyoollate, andNa^COj 
at 190® (Hointz, A. 147, 200). Heavy oil. De- 
composed by boiling water into alcohol and di- 
glycollio acid. Alcoholic NH. forms the amide 
0(CH,.CONH,),.. 

First Amide NH,.CO.CH,.O.CH,.COjH. 
Dighjcollamic acid. [136®]. Formed by heating 
the imide with baryta-water. Formed also by j 
heating the second amide with water at 100® > 


(Heintz, A. 128,140). Trimetrio prisms; m. sol. 
hot water, si. sol. alcohol, nearly insol. other.—^ 
BaA'^aq: crystals; sol. water. 

i8econiiAmideO(CH...CON^)j. Fromthe 
stber and cold alcoholio Trimetric prisms; 
V. e. sol. hot water, v. si. sol. alcohol. HOI de- I 
composes it into NH., and diglyooUio acid. i 

Imide [142»]. S. 1-8 | 

at 14®. Formed by distilling the preceding. | 
Formed ^also by distilling acid ammoninm • 
diglyoolla'te. Long needles.—AgC,H,NO,: 

laminte. 

TriglyeolUo acid C,H,jO,. A syrupy acid, 
said to be termed by the action of C^O on a 
m^'zture of Ac,0 and iodine (Sohiitzenberger, 
C»R. 66,1340).—Ca,A"y—BajA'"-2aqt prisms. 

GLYCOLLIO ALDEHYDE 0,H,0, i.e. 
HO.CH|.CHO. It is doubtful whether this sub- 
Stan^ has been obtained. It is described by 
Abel^nz {A. 164,213, 223) as a syrup, sol. ether, 
readily oxidised 6y AgjO to glyoolUc acid, and 
obtained by treating CH,Cl.CHOLOEt with water 
at 116®. Abeljanz obtiuned the same body by 
treating||CH;{OH).CHGl.OEt with cone. H,SO.. 

Glycollio orthaldehyde OHJOH).CH(OH) 2 . 

Di-ethyl derivative CHa(OH).CH{OEt),. 
(167®). VjD. 66*6 (calc. 67). Proife 
CH,Br.CH((«yi^ by heating with alcoholic KOH 
for twelve hours at 170® (dinner, B. 6, 160). 
Fragrant liquid. Decomposed by cold cono. 
H,S 04 and by gaseous HCl. AojO at 120® yields 
a liquid resembling aldehjpde, which may be 
•glyoolUc aldehyde. 

Tri-ethyl derivative 
CH,(OEt).OH(«Et),. (164®) (P.)j (168®) (L.). 
fl.G. *1 *892. Prom bromo-aoetal ana NaOBt at 


!fi0®. Also from OK01.CHCl.OEt and NaOEt 
at 160® (Licben, A. 14o, 196). Fragruit Hquid. 


GLTCOIilDE 0*0, a<g^>0 at 
CH,.O.CO 

io.0.c!H,' P>2®‘’HN.a.T.)i[180»](D.). 

Formation. —1. By heating glycollio acid to 
240®, smaU quantities of diglycollic acid and of 
formic paraldehyde being formed at the same 
time (Heintz, P. 116, 462).—2. By beating an¬ 
hydrous potassium chloro-aoetate at 116® (Ke- 
kuU, A. 106, 288). If the orystaUised salt be 
used moat of the glycollide unites with water 
forming glycoUio acid.—3. Glycollide was first 
obtained by heating tartronio aoid to 180® as 
long as CO, escapes; after a few days the pro* 
duct solidified^ and is then washed with hot water 
(Dessaignes, C. P. 38,46). 

Pr6pf^ra,tion.—^L alcoholic solution of chloro* 
acetio acid is added to a solution of sodium in 
16 times its weight of dry alcohol; anhydrous 
ohloro-acetate of sodium is ppd. and, after dry¬ 
ing at 100®, this salt is gradually heated to 160® 
and kept for two days at that temperature. The 
product is freed from NaOl by washing with 
water,' and may be dried at 200® (Norton a. 
Tscherniak, C. R. 86,1332). 

Prqperri'es.—Light white powder; neutral to 
litmus. SI. sol. hot nitrobenzene. Dissolves in 
oaustio ^potash, forming potassium glyoollate. 
Ammonia forms the amide of glycollio aoid. 
Ethylamine forms HO.CH,.CO.NHEt. Aniline 
at 130® gives HO.CH,.CO.NHPh. [108®]. 

Another anhydride of glyoolUc acid O^HjO;^. 
[130®]. Obtained by beating glycollio aoid at 
100® for a long time (Dreohsel, A. 127, 154). 
Also from glycollio aoid and the vapour of SO, 
(Fahlberg, J. pr. [2] 7, 836). Powder, insol. 
ether, alcohol, and cold water. Boiling water 
forms glycollio acid. Further heating converts 
this anhydride into glycollide. 

GLYCOLLDBIG ACID v. Htdanioio Aon>. 

GLYCOLLYL-AHIDO-BBNZOIC ACID 
CH,0H.'C0.NH.0,H4.C0,H. [212®]. From m- 
omido-benzoio aoi<^ and glycollio acid at 160® 
(Pelizzari, A* 232, 163). Needles (from water). 
Sol. alcohol, si. sol. ether. 

Acetyl derivative 
CH,(OAo).CO.NH.O,H4.CO,H. [198®]. 

CO 

From CH.OH.CO NH.6.H,.CO,H by boat. 

OLYCOLLYL-FSEA ti. HYOiNTOiK. 

QLYCOLFSIIi V. AcEivuiNE-DitK., vol. i. 
p. 44. 

< OLYCOBE V. SOOAB. 

OLYCOSINB C,H,N, U. 

By acting on glyoxal with 
ammonii (Debus, A. 107, 199; Japp a. Olemin- 
shaw, 0. J, 61, 663).—2. From tri-ohloro-laotic 
aoid and oono. NH,Ai] (Finner, B. 17, 2000). 

Prcwties.—White needles (from alcohol), 
T. si. sm. alcohol. 

Salts.—B",H,Pt01,: buS-coloured needles. 
—B"HjPt01,.—B"(H,PtCl,) 2 : deep-yellow crys¬ 
tals, stable at 120'‘.-B"AgNO, (Wyss, B. 10, 
1376).—B"(H,0,0,),: small nodules, m. sol. cold 
water. 
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_ W.»«Ijrl<IjrwriBeCAN,(NO;H,),. [146°]. 
Formed by heating glycosine with benzyl chloride 
and extracting the product with dilute hydric 
ahlonde (Japp a. Oleminehaw, 0. J. 61, 665). 
Colourless plates, v. sol. benzene, si. sol. petro- 
leuin ether. 

Tetra-phenyl-glycosine 

.NH-O-Ph 


641 


Ph^O-NH _ 

Th\LN^°\N _({>Ph- 


Formed by acting on a mixture of benzil and 
glyoxal with ai^onia (Japp a. Clcminshaw, C. J. 
61, 663). White felted needles, m. sdl. ^lot, si. 
lol. cold, alcohol, v. sol. HOAc. 

OLYCOBTTKIC AOIB. [140'^]. Occurs in urine 
in disease (Marshall, Ar. Ph. [3] 25, 693). 
Prisms; v. sol. water, alcoljoL and ether, insol. 
benzene and light petroleum, deduces f^hling’s 
solution more strongly than glucose. An ethereal 
solution becomes red on evaporation. FeCl, gives 
a transient blue colour. 

OLYCtlKONIC ACID 0«H„0,. 

Formation. —l. Euxanthic acid (which oc¬ 
curs in puree or Indian yellow) is split-up by 
heating vnth HCI or with dilute (3 p.c.) H^SO, 
into glycuronic acid and euxanthone (Spiegel, 
S. 15, 1965; Kiilz, Z. B. 23,475; Baeyer, A 
155. 257; Thierfolder, H. 11, 388). Thf^decom- 
position is best effected by water at 125^—2. By 
boiling (a), or {$)• caraphoglyouronio acid with 
dilute (5 p.c.) HCI (Schmiedobcrg a. Meyer, S. 
3, 422). 8. By boiling urochloralic acid with 
dilute H^SO^ (Mering, H. 6, 480).—4. When a 
rabbit is treated with tcrf-amyl alcohol its urine 
contains ‘ di-methyl-ethyl-carbinol-glycuronio ’ 
acid OjiHjoO,, which is split up by boiling dilute 
lijSOf intd t^f-amyl alcohol and glycuronic 
acid. r^W-butyl alcohol acts in like manner 
(Thierfeldor a. Mering, H. 9, 616). 

Properties .—Syrupy acid, v. sol. alcohol. On 
evaporation of its solution, or even on standing, 
it changes to the crystalline anhydrid<% Gives 
on oxidation camphoric and^ormic acids. Bro¬ 
mine converts it into saccharic acid (Thierfelder, 
B. 19, 3148). Sodium-amalgam reduces it to 
gluconic acid. Its K salt dissolved in 90 p.c. al¬ 
cohol reacts with aniline forming NPh:C„HgO„K, 
the potassium salt of the ‘ anilide of glucose' 
[177®j. m-Tolylene-diamine forms, in like man¬ 
ner, CyHj(N:C^HgOHK)^, Cone. KOHAcj decom¬ 
poses glycuronic acid, forming oxalic acid, 
pyrccatechin, and a little protocateebuio acid. 
Glycuronic acid gives lactic and acetic acid 
when fermented in presence of cheese and 
chalk.—KA’: needles.—BaA,: amorphotis, y. 
•ol. water. • 

Anhydride [167°]. [a]„«19'26° 

at 18°. Monoolinic tables, with sweet taste. 
V. e. sol. water, insol. alcohol. Dextrorotatory. 
Keduoes hot Fehling’s solution. *9U8 pts. reduce 
as much as 1 pt. of glucose. Hinden^ the ppn. 
of onprio hydroxide by alkalis. 

Bentoyl derivative C^HgBzjO,. [107°]. 
Obtained by treating the acid (1 mol.) with BzOl 
(9 mols.) and NaOH (12 mols.) in a 10 p.o. solu¬ 
tion (Thierfelder, H. 13, 276). Y. sol. alcohol. 
Bednees Fehliug’s solution. 

Phenyl‘hydra»ide 0„H*,N,gO,#. pi6°]. 
From the IC salt and phenyl-hydrazine mixture, 
tellow n^es. 

Toi.. n. 


, GLYCYP^milir 33ie sweet prin¬ 

ciple of Smilax glycyphylla. Extracted from 
the leaveaand stem by alcohol, the extract being 
evaporated and the residue dissolved in water 
and extracted with ether (Wright a. Bennie, 
0. »r. 89, 237; 49, 857). Crystallises from wet 
ether with 3aq, and from water in prisms con¬ 
fining 41aq. Has no definite melting-point. 
81. sol. cold watei^ v. sol. hot water and alcohol, 
m. sol. ether. Insol. chloroform, benzene, and 
light petroleum. Dissolves in aqueous EOH, the 
solution turning red in air. Docs not reduce 
rehhng’s solution. Is ppd. by lead subacetste. 
Boiling dilute H;;S 04 converts it into phloretin 
and isodulcite CsH,.0.. 

GLYfJYBBHIZIC ACID Occurs, 

probably m combination with ammonia, in the 
liquorice root {GlycyrrUza glabra and Q. eohin* 
ata) (Vogel, jun., J. pr. 28,1; Lade, A. 69, 224; 
Gornp-Besanez, A. 118, 236; Hirsh, Ph. [3] 1, 
749; lloussin, Ar. Ph. [3] 8, 150; Robiquet, 
A. Ch. ^4] 72, 143; Sestini, Q. 8, 454; Haber- 
mann, A. 197, 105). Occurs also in large quan¬ 
tities in the rhizomes of Polypodium vulgare 
and of P. semipennatifidum, both of which ferns 
are used as substitutes for liquorice (Guignet, 
C. B. 100,161). Haberraann finds in liquorice, 
besides glycyrrhizic acid, a brown resin, which 
yield8;>-oxy-benzoio acid when fused with potash, 
and an amorphous bitter substance C,gH„NO,„ 
si. sol. water and other, v. sol. HOAo and aqueous 
Na^COj. ^ 

. Preparation.-^l. The dried end powdered 
l^oot is extracted with dilute acetic acid; alcohol 
is added; and the filtrate evaporated to a syrup 
and washed with water (Guignet).—2. The toot 
is extracted with boiling water containing a little 
milk of lime; the concentrated extract is ppd. 
with HOAo. The gelatinous pp. is dissolved in 
50 p.o. alcohol, deodorised by charcoal, and eva¬ 
porated at 100° (Sestini).—3. Commercial * Gly- 
cyrrhizin ammoniacale ’ is boiled with glacial 
acetic acid and filtered while hot. The acid am¬ 
monium salt then crystallises from the filtrate 
(Habermann). The acid knay be obtained by 
conversion into the lead salt and decomposing 
by H^S. 

Properties.—Gelatinous mas# (from hot 
aqueous solution). When dry it forms an amfh- 
phous solid, which swells up in cold water. V. 
si. sol. ether and alcohol, sol. boiling HOAo. 
Turns brown at 100'. It has a sweet taste and 
an acid reaction. Expels GO^ from OaQijik sns- 
peiided in hot water. Beduoas J'ehling^soln- 
tion on heating. Boiling dilate acids split it 
up into glyoyrrhetm and parasaoobario acid 

Salts.—NH^HjA'": lamina (froi# adcohol 
j or HOAc); prepared as above,^. Insol. ether, sL 
mol. alcohol, v. e. sol. boiling water. Separates 
from dilute alcohol or hot wata&jp a gelatinous 
form.—(NH 4 ),A"*% amorphous gummy mass, v, 
sol. water, insol. alcohol. Has an intensely 
sweet taste.—EH^A'": crystalline grains. Swells 


U.TOV* vtaovo.—OWtUiS 

^up in cold water, forming a jelly; y. sol. hot 
water, v. si. sol. fieohol. Extremely sweei.-^ 
E,d'": yellowish amorphous ntasa; y.soL water, 
T. si. sol. alcohol. From its sqjution in HOAo 
the salt KH,A”' crystallises out. —BoyA*^',: floo- 
ouient pp.—Pb^'",: yeUowish-brown man, at 
•ol. wain, insol. alcohol, sol. HOAo. 

TT 
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Glyoyrrhetfi [200®]. Fonned 

^ boiliiig glyoyrrli^io aoid with dilute aoids 
(£[ab^anD» B. 10, 870; Oriessmeyer^D. P. /. 
209, 228). Crystalline powder; has no taste. 
Insol. water, ether, and alkalis; sol. alcohol, 
HOAo, and ^SO^. Does not give ^-oxy-benzoio 
acid on potash-fusion (Habermann; cf. Weselsky 
a. Benedikt, B. 9,1158). 

Di-acetyl dertvative' C^HijAcsNOi. 
[217®]. From glycyrrhetin and AcCl. Crystal¬ 
line powder; insol. water. Gives on oxidation 
amorphous Ci^^fKO.. 

Bromo-glyoyrrhetln G^JI^^BrNO^. From 
glyoyrrhetin and Br in HOAc. Crystalline 
powder, insol. water and alcohol, si. sol. HOAc, 
▼.soLCHCl,. 

Kitro-glyoyrrhetin C,2H,„(N0^NO4. Formed 
by treating a solution of glyoyrrhetin in HOAc 
with HNO,. Powder. 

GLYOXAL C^H^O^ i.e. CHO.CHO. Oxalic 
aldehyde. Mol. w. 68. Formed by the action 
of nitrio acid on alcohol (Debus, A. 102,20; 107, 
199; 110, 316; 118, 263). aldehyde or paralde- 
hyde (Lnbavin, B. 8, 768). 

Preparation.~l. Obtained from the mother- 
liquor m the preparation of glyoxylio acid by the 
slow oxidation of alcohol by HNO,; the liquid 
is mixed with several times its volume of cone. 
NaHSOjAq. The crystalline compound is sub¬ 
sequently decomposed by dilute H^S 04 . - 2. 
Paraldehyde (25 g.) is mixed with water (25 g.); 
HKO, (20 C.C. of S.G. 1*37) is poured in so as to 
lorm a lower layer of liquid, and below this again, 
faming HNO, (1 c.c.) is introduced. After a 
week the liquid is evaporated at 100®, taken up 
in water, neutralised by CaCO„ glycollic and gly¬ 
oxylio acids ppd.by lead subacetato, filtered,freed 
from excess of lime by oxalic acid, again filtered, 
and evaporated (De Forcrand, Bl. [2] 41,240). 

Propertiea. —Amorphous, slightly deliques¬ 
cent mass. After drying at 100® it contains 2 :aq 
and is V. 0. sol. water, but after drying at 120® 
it is T. si. sol. cold water. At 170® it is partially 
converted into glycoll’de. It is v. e. sol. alcohol 
and ether. It reduces ammoniacal AgNO„ 
forming a mirror. Water at 150® converts two- 
thirds of it il^to glycollic acid. 

< BeacHons.—l. A small quantity of very 
dilute nitric acid oxidises it to glyoxylic acid; a 
larger quantity of nitric acid forms oxalic acid. 
2. Aqueous alkalis convert it into glycollic acid, 
even ip the col9.—8. Gold aqueous KGy forms a 
black substance.—4. Amnumium cyanate forms 
glycocoU ^ubivin, J. R. 1882, 281; C. J. 44, 
178).—5. Cone, aqueous NH, forms, in the cold, 
glycosine C,H,N, and glyoxaline CjH^N,.—6. 
An alcoholic solntion of aniline forms 
{Sobifl, B. 11, 831), a crystalline base, insol. 
water, sol. alcohol, forming the platinochloride^ 
and the nitro- derivatives 
0*Ha(NOJ,R7and C,»H,4(N0„),N,.-7. AniUne 
heated with the compound of glyoxal with 
KaHSO, forms the anilide of phenyl-amido- 
aoetio acid NHPh.CH,.CO.NHPh [113®] (Hins- 
berg, B. 21, 110).—8. (a)-c and {fi)-Naphthyl 
Wine heated wiu the oompoond of gly/>xal 
with NaHSO, form' the sodiom salt of the sul- 
phonate of ®(a)-, and (A)*nsphtboxindole 

Auto-acetic 

ether «ad wbc. lujneoiu ZnOl, tona 


oxy-lnriu^l-aoetio acid ancl aa ethn 
[189°] which orptallises in plates, t. aci. most 
menstrua, insol. alkalis, and on saponifioation 
gives an acid [7S°] (Polonoweky, A. 246,17).—10. 
Gaseous HCl passed through a mixture of gly¬ 
oxal and ethylene mercaptan forma 
CH,.S. .S.OH, 

I >CH.C!H< I [133°] (Fasbender, B. 
CH..S/ \S.OH, 

21, 1476).—11. MaUmic ether (2 mols.) acted on ’ 
by glyoxal (1 mol.) and zinc chloride gives 
rise to di-oxy-butane tetra-oarboxylio ether 
(CO,Et),.Ca.OH(OH).CH(OH).CH(CO.Et). 
(Polonowski, A. 246,1).—12. Auto-acetic ether 
and cone. Zn01.Aq forme di-methyl-furfurane 
di.earboxylie‘aea . 

compontjd OKHfiO, [189°], and oily 

n/C(CHAe.CO.Et):CHv ,, 

® VCMe = C(CO.Et)—>—13. Aqueous di- 

methyl-urea evaporated with glyoxal and a little 
HC) forms tetra-methyl-glycolurile 

^Me.CH.NMe. 

CO< I >CO [217®] (Franchimont a. 

\N‘Me,CH.NMe/ 

Klobbie, R. T. C. 7, 236). 

C 0 m 6 i n a t i 0 n s C.,H 202 (NH 4 HS 0 ,), : pri sms, 

V. sol. water, insol. alcohol (De Forcrand, C. R. 
100,642)'.—C2H202(NaHS0,)2 aq: small crystals, 

V. sol. water, insol. alcohol.—C2Hj02{KHS0J,: 
prisms (De Forcrand, C. R. 98, 1537).— 
C 2 H 202 Ba(HS 0,)2 2^aq; concentrically-grouped 
masses. S. ‘85 at 18®. 

Diphenyl hydraside HC(N 2 HPh).OH(N 2 HPh). 
[170®]. Got by warming glyoxal or its com¬ 
pound with NaHSO, with excess of aqueous 
pbenylhydrazine hydrochloride and sqdic acetate 
(Pick'd, A. 232, 231; Fischer. B. 17, 675). 
Formed also by the action of phenyl-hydrazine 
on tri-chloro-lactio acid (Pinner, B. 17, 2001). 
Rosettes of slender needles or plates (from 
alcohol). Nearly insol. water and light petro¬ 
leum, sof. benzene and chloroform. By warming 
with alcoholic FeO*, it is oxidised to the * oso- 

tetrazone’[162®] which crystal¬ 
lises from alcohol in dark red plates (Von Feoh- 
mann, B. 21, 2751). 

Salt.—B'HGl. [156®]. Saponified by water. 

Phenyl-ethyl-hydraeide 
HC(N 2 EtPh).CH(N,,EtPh). [149®]. Fcr.medby 
adding the compound of glyoxal with NaHSO, 
to a dilute solution of phenyl-ethyl*hydrazine in 
HClAq (Elbers, A. 227, 340). Crystals (from 
alcohol); v. sol. benzene and chloroform, m. sol. 
ether and cold alcohol. 

Oxim CjH^NjO, U. HC(NOH).CH(NOH). 
Qlyoxim. [178®]. Farmed by the action of 
hydioxylamme on glyoxd (Wittenberg a. Meyer, 
B. 16, 605). Formed also by the action of 
hydroxyian^e npon tri-ohloro-laotio acid (Pin¬ 
ner, B. 17, 2001). ‘ Sublimable. Colourless 
trimetric tables. Sol. hot water, alcohol, and 
ether. Boiled with aqueous acids it is resolved 
into its constituents. By heating with aoetio 
anhydride it ^elds cyanogen ^ach, B. 17, 
1678). Phenfl-hydrazine added to its aloo- 
holio solntion forms on addition-compound 
CjAN.O^,H 2 Fh [110®], which crystallises from 
aloonol in white scales, insol. water (Polonowsiffi 
B. 21,182).—Ag0|H|N,0|: white j^der* 



[IW-l! oolqurlesBo^atals. By heating 
a oy»nogen.(Laob. 

JR«/«rcnc«.---CHLOEo-oi.xoxiM. 

Formed by passing HCl into a 

• (S<^ilf, 0, ■4* 172, 1). Powder, insol. 

water, efeer, benzene, and chloroform, si. sol. 
boiling ucohol. Prolonged boiling with water 
converts it into glycolUo acid. Caustic alkalis 
also form glycollates. Boiling A<?A forms 

Hthyl dtrivaiivt Ctt(Oj:t)j.CH(OEt),. 
( 0 . ISO”). Formed by the action ot NaOEt upon 
di-ohloro-aoetal CHCl,.CH(OEt), (Pinner, B. 6, 
destroyed by strong acids. 
BLYOXAl-AMYXINE v. BoTrL-OLTOXALiNB. 
GtYOXAl-ISOBtriTlIHE v. Pbopyl-olt- 

OXillNB. 

OLYOXAL - ETHYLINE p. Methtl-olt- 

OULISZ. 

CH.NHv 

OLYOXAUHE 0.H.N, U. || , \cH 

CH.N'^ 

CH.Nv 
I Nf! 


(Japp, a. J. 43,17) or i| | \CHr Methulem. 
ch.n/ 

acUylme-anne. [89°]. (256°). V.D.2-36 (calo. 
, 2'26). Formed, together with glycosine, by 
the action ot etrong aqueous ammonia on glyozal 
(Debus, A. 107, 204; Lubavin, J. B. 7, 264; 
Wyss, B. «, 1543; 10, 1305; VVallsch, B. 15, 
645). Formed also by the simultaneous action 
of formic aldehyde and NH, on glyoial (Badzis- 
zowsky, B. 15, 1495). 

Prcparotion.—Glyoial is treated very gradu¬ 
ally with ammonia in slight excess, the^mpera- 
tnre being kept down. Glycosine then separates 
as a brown powder, and the filtered solution 
contains the glyoialine together with ammonia, 
chiefly as acetate. This liquid is boiled with 
milk of lime to expel the ammonia, then evapo¬ 
rated to a syrup, treated with absolute alcohol 
to separate mineral salts, and filtered; the 
residue is strongly pressed to separate as much 
as possible of the liquid; and the whole of this 
liquid is distilled from a wide-necked retort. 
After one rectification the glyoxaline is perfectly 
pure, and solidifies to a radiate, dazzling-white 
crystalline mass (Wyss). • 

iVopcrfies.—Thick nacreous prisms, v. sSl. 
water, alcohol, and ether; is not deliquescent, 
Has an alkaline reaction. Not attacked by 
ohromio acid. Not aflected by reducing agents, 
by AOjO, by AcCl, or by BzOl. f 

Bsocftons.—1. EMnOjPxidises it 4o formic 
acid and 00,-2. EtBr forms 0,H,EtN,HBr 
and 0,H,EtN^tBr.—8. Benzyl chloride forms 
in like manner 0,H,(0,H,)N,0,H,01 (Wya8).-4. 
The hydrochloride treated with AgNO, forms a 
nitroso-derivative.—5. Bydrogm peroxidt 

forms oxamide (Badziszewsky, B. 17) 1289)_ 

6. Brpmitu added to an aqueous solutioa of 
glyiyllne ionns tri-bromo-glyoxaline 
0|HBr,N, zthiah etyataUissa hxm water in 
BMilaf. n ia T. iL aol. cold watet. t. nl. ala»> 


OLYOXAUSE8. 84, 

hoi, ^^1. ether. It dissolves iiTalkiUia and ia 
reppd. by.aoids, behaving as an acid. Ita silver 

OM hy Mel into 

0,IaeBr,N„ which maj be reduced by fodiQSi« 
amalgam to metfayl>glyozaIiiie. 

/fc. orange-red prisma 

(^llMh).—B j^ZnCl,: verysolubie crystals.— 
B HjOjO,: prisms. S. 2 06 at 19°.—C.AgH.N.: 
white amorphous pp.; ineol. cold water. 

MKTHm-XTHTI,., 
ETHti,-, Pboptl-, Bora,-, and laoxHTL-onT. 

OXiUrXNES. 

GLYOXAXiINES. These oorapounds are de- 

■ -• . CH-NH.. 

nvatives of gljoxaline J \cB 
OH-N-!^ 

Gemral mode, of formation.— They are 
formed by the condensation of compounds con* 
taming, the dicarbonyl-group —OO.CO— {a.di. 
ketones and a-dialdehydes) with aldehydes and 
ammonia jointly, the reaction taking place ac- 
coring to Equation 11. of the general reactions 
of this class ( 0 . vol. i. p. 465). Thus glyoxal. 
aldehyde, and ammonia yield methrl-elv. 
oxaline:— jo, 

OHO 

I +CH,OHO-)-2NH, 

OHO 
OH-NH. 

(Radziszewski, B. 16, 2706 ; Japp, 0. J. 1888 
197; V. also under Equation II., voL i. p. 466). ’ 
The aldehyde necessary for the feaction ia 
sometimes furnished by the preliminary hydro¬ 
lysis of a portion of the dicarbonyl-oompound. 
Thus the reaction discovered by Debus (T. 148 
209), in which glyoxaline itself is obtained by 
treating glyoxal with ammonia, is supposed to 
occur in two stages: 

(a) OHO.OHO-fH,0-H.OOOH-fH.OHO 

OgQ « Formio aldehyde. 

(i) I ■fH.OHO-b2NH, 

OHO 


CH-NH. 


1 Vh + 3H,0 

OH—^ 

(Radziszewski, B. 16,1495; Japp, B. 15, 2419 ). 
In a similar manner lophine (triphenyl-gly' 
oxaline) is obtained from bengil Jind ammonia 
benzoic aldehyde being first formed (o. vol.i. pp,’ 
467-8); and trimethyl-glyoxaline from diaeetyl 
and ammonia (Yon Pehhmann, B. 21,1417). 

Glyoxal also reacts with ammonia without 
flrat undergoing hydrolysis, yielding glycosine 
WD.), which is a diglyoxalyline. In this case 
8 mols. of glyoxal talcs part iWhtreaotion, one 
of these exeroisina the function of the aldehyde 
(here a dialdehyde) and the other two that ot 
the dicarbonyl-oompound in the aldehyde-di* 
ketone-ammonia condenaationB: 

• OHO • 

• 9 ^0++4HH, 

OH-NHv .NH-On 

Slycestaw, 



i44 


GJLYOXALINEa 


yJApp ft. Gkmiosliaw, (7.7. 1887, 55S ; o/. also 
formation of vol. i. p. 465). 

Wallaob has shown &at ehloriiMted gly* 
oxalines are formed by the ftotion of phosphorus 
pentftohloride on s-diftlkyloiamidee (A. 184,33; 
214, 278; B. 16, 546; v, also Japp, B. 15, 
2418; 0.7. 1883, 197). In the first stage an 
imido-ohloride is formed: thus s>dimethyloi- 
CCliN.CH, 

amide would yield | . (The imido^ 

CChN.CH, 

ehloride was not isolated in this particular 
case, but the corresponding diethyhcompound 
was obtained.) The imido-ohloride parts, either 
spontaneously or on gently heating, with the 
elements of hydrochloric acid, yielding a chlori- 
mated glyoxallne. Thus with dimethyloximido- 
chloride: 

OCa:N.CH, _CC1-N(CH,). 


DC1:N.CH, 


-ECU II 


CH- 


»>? 


Chloroxalmethyline 
(Uetbylchlorglyoxaltne). 

The mechanism of this reaction is not under¬ 
stood (Wallach, B. 16, 546). By heating with 
hydriodio acid and amorphous phosphorus, the 
compound is reduced to the corresponding 
' oxalmethyline ’ (tertiary mcthylglyoxaline). 
The name 'oxalines ’ was given to this class of 
compounds to denote their connection with 
oxalic acid, before it was recognised that they 
were derivatives of glyoxaline. The general 
formula of the * oxalines’ derived from s-di- 
alkylozamides of the formula 
CONH(C,H,.,,) 


CH 

CH- 


I 

CONH(C,H^^,) 


-N' 






thus ‘ oxalethjlino ’ from s-dicihyloiamide is 


CH-N(CjH,) 




CH- 




.C.CH, . 


Another class of glyoxalines are the anhydro- 
bases derived from orthodiamines: thus anhy- 
dracetdiamidobeuzene (ethenylphenylcnedia- 
osine) 

CH 




CH 




\, 




C.CH, 


ts obtained by reducing o-nitracetanilide with 
tin ftnd hydrochloric ociQ: 

/NH.CO.CH, 

OjH|^ ' + 3Hj 

\no, 

_ 

« ^C.CH, + SHjO 

(HSbnar, A. 209, SS3). Hie same compounds 
may be prepared from the orthodiamines by 
heating them with oarboxjCio acids: thus o-di- 
' amido^nzene and acetic acid yield the ,/ore- 
going anhydracetdiamidohenzene (Ladenburg, 
B. 8,677). “ 

Ladenburg 11, 690) obtained by the con- 
densatioD oi aidehydea with orthodiaminea a 

•Ian ti stabla bases to whkh ho goTo tho 


name of ‘ aldobydines.’ Hinsberg (8. 19,2031!) 
has shown that these compounds are tertiary 
anhydrobasee. Thus (1, 8, ij-tolylonediamino 
and benzaldehyde form benzyi.anhydrobenadt* 
amidotoluene: 

0,H/ +20A-CHO 
NNH, 

The aljehydines, therefore, also belong to tho 
class of the glyoxalines. 

Oeneralpipperties and reactions .—Glyoxaline 
and most of its true homologues are solid com¬ 
pounds; but the derivatives in which the alkyl- 
group i^ attached fb nitrogen are generally liquid. 
The glyoxalines are monacid bases, and behave 
towards alkyl iodides like secondary bases; thus 
glyoxaline yields with methyl iodide the com¬ 
pound C 3 H,(CII,)N 2 ,CH 4 , which by treatment 
with moist silver oxide is converted into an am- 
moniupi hydroxide; this by distillation yields 
CH-N(CH,)v 

the tertiary mothylglyoxaline |1 

CH- 

The coil version of the secondary glyoxalines into 
tertiary compounds by the introduction of an 
alkyl-group lowers the boiling-point: thus gly- 
oxalino boils at 256°, tertiary methyl-glyoxaline 
at 197°-199°. When the tertiary alkyl-glyoxal- 
inos are distilled through a red-hot tube, the 
alkyl leaves the nitrogen and attaches itself to 
the * moso ’ carbon atom: t.e. the carbon atom 
which is situated between the two nitrogen atoms. 
In this way the foregoing tertiary, methylgly- 
oxaline may be converted into weso-methyl- 
CH-NHv 

glyoxaline f| identical with the 

CH— 

compound (v. supra) obtained from glyoxal, al¬ 
dehyde,' and ammonia (Wallaob, B. 16, 542; 
Badziszewski, B. ieS, 2706). By oxidation with 
hydrogen peroxide, glyoxaline and its meso- 
homologues yield oxamide; whilst the tertiary 
aikyl-glyoxalines and their meso-bomologues 
yield monalkyl oxamides: thus oxalethylina 
CH-N(C2HJv 

^C.OH, gives etbyloiamide(Kad- 


CH 




ziszewski, B. 17,1290). 

It has not been found ^ssible to replace the 
imidio hydrogen in glvoxm and its homologues 
by aeid radicles, and from this Badziszewski (B. 
£5, 1494 and 2706; 16, 492) has argued that 
glyoxaline contains two tertiary nitre^en atoms, 
OH:Nv 

formnlaiingitihus: I VlH,; but the re- 
. 0H:N/ 

suits of ^l^lation and of the oxidation of the 
alkyl- derivatives prove oonoiusively that imidio 
hydrogen is present, and far outweigh this 
merely negative evidence (Japp, B. 15, 2410; 16, 
284; Wallftoh, B. 16, 688). Besides, glyoxaline 
gives off ammonia when heated with aniline 
hydrochloride, and snlphuretted hydrogen when 
its aqueous solution is heated with carbon di¬ 
sulphide—reaorions which a tertiaiw base wodd 
hardly tzbiMi (Wallaoh, B. 16,58^. 

Theglyozalififts an amidisM 
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in vtWoh two hydrogen atoms—one in the amido- 
and one in the imido-group—have been replaced 
by the dyad gronp —OB'=:K3B'— so as to oon- 

vort the complex B'.O^^^ into 
/NH-C.B' 

II . iorming a closed-chain com- 
, pound. Thus giyoxaline itself is formamidine 
into which the group — CHzrCH— 

has been introduced. The amidines, like the 
glyoxalines, are monacid bases. • , 

Giyoxaline is one of the two possible com¬ 
pounds which may be derived from pyrrhole as 
pyridine is derived from bensfne~by replacing 
a CH- gronp by triadic nltaogen: 

CH-CH CH-CT 

u II II II n II 

CH CH CH N CH CH 


\/ 

NH 


\/ 

NH 




Pyrrhole. Pyrazole. Giyoxaline. 
QLYOXAI CENANTHYLISE v.EkxWoly- 

OXALINB. 


OLTOXALIC ACID v. Glyoxylio acid. 
OLTOXAL-PBOFYIINE v. Ethyi^lyoxal* 


tNB. 


OLTOXIH V. Di-oxim of Glyoxal. 

GIYOXYIIC ACID C.HjOjj i.e. H.CO.COjH. 
Glyoxalic acid. 

Occurrence .—In the leaves and unripe fruits, 
of many plants (Brunner, B. 19, 595). 

Formation.— l. By Ujg action of nitric acid 
upon alcohol, glycol, glyoxal, or glycerin (Debus, 
P. M. [4] 42, aOl; A. 100, 1; 102, 28; 110,316; 
Ueintz, A. 152, 325).—2. By boiling silver di> 
bromo-acetate witli water (Perkin, C, J. 21,197; 
32, 90).—3. By heating di-chloro-acetio etlier 
with water (Fischer a. Oeuther,/. Z, 1,17).— 
4. By boiling silver di-chloro-acetate TOth water 
(Beckurts a. Otto, B. 14, e81).—6. ^ heating 
silver bromo'glycollate witlPether in sealed tubes 
there is formed an amorphous substance (? gly- 
oxylio anhydride) which is converted by boiling 
water into glyoxylic acid (Perkin a. Duppa, C. J. 
21, 197).-- 6. By heating dry silver di-chloro- 
acetate at 80" there is formed an oil C^lI.Cl^O^ 


which is split up by water into glyoxylic and di* 
chloro^cetio acids (Beckurts a. Otto, B. 11, 580). 

Preparation. —1. Di-bromo*acetio acid (Ipt.) 
is heated with water (lOpts.) for 24 hoars at 
135° (Grimaux, Bl. [2] 26, 483).—2. 220 g. of 
alcohol of 80 p.o. are poured into a tall ©arrow 
flask capable of holding about l.^b. of watar; 
100 g. of water are introduced below the alcohol 
by means of a funnel •having its neck finely 
drawn ont; and below this are poured 200 g.^ 
of red fuming nitric acid, so that tbf three liquids 
may remain one above the other Sfid mix as 
little as possible at first. The whole is left for 
six or eight days, at a temperature of 20°-22° 0., 
till the liquids have become complotelr mixed, 
and the resulting nitrite of ethyl has volatilised. < 
The residual liquid—containing nitric, acetic 
and formic acids, compound ethers, glyoxal and 
other aldehydes, glyoollic acid and glyoxylic acid 
—is evaporated to a syrup over the water-bath 
in portions of 20 to 80 g. e^; the residues, con- 
laiaing oxalio* glyeomc, and glyoxylic aeidi» 


together with the less volatile Aldehydes, ace 
dissolved in small quantities of water; the 
united ejlutions areneutralised with chalk; the 
neutral liquid is mixed with an eqn^ volume of 
alcohol; and the resulting pp. of oaloinm-salts 
pressed and repeatedly boiled with water. The 
aqueous extract yields crystals of glyoxylate of 
ealcium, and a further quanti^of &is salt may 
bo obtained by dbneentrating we mother-liquor. 
The subsequent mother-liquors yidd a double 
salt of glycollate and glyoxylate of calcium, and 
the last contain glycollate of calcium (Debus). 
7,600 c.o. alcohol yield 308 g. glyoxylic acid (Bdt- 
tiiiger, A. 198,207). 

Properties.—Tiiick syrup (S.G. I’S), which 
crystallises over in trimetrio prisms con¬ 
taining aq, ana which may therefore be looked 
upon as orthoglyoxylic acid CH(OH) 2 .C 02 H. V. 
sol. water. When strongly heated it gives off 
acid vapours, leaving a carbonaceous residue. 
Voiatiie with steam. Its calcium salt reduces 
boiling ammoniacal silver nitrate forming a 
mirror. Glyoxylic acid forms compounds with 
NaHSOg, witli HB, and with NH,. An aqueous 
solution of calcium glyoxylate is ppd. by excess 
of lime-water, and the pp. Ca,( 0 ,H,,Ot), is con¬ 
verted by boiling water into a mixture of glycol¬ 
late and oxalate. When a solution of calcium 
glyoxylate is mixed with aniline oxalate, and the 
liquid is filtered from calcium oxalate, a colour¬ 
less solution is obtained, which, when boiled or 
even when left fb itself for a fowhouni, deposits 
a bright orange-coloured precipitate (Per^ a. 
Duppa). Aniline (75 g.) acts upon syrupy gly¬ 
oxylic acid (42 g.) forming PhN:CH.C03> 
its aniline salt FhN:CH.C 02 NPhH,;*tbe aniline 
salt is converted by long boiling with water into 
a red powder C„.H,.,N.p,(B6ttinger,A.198,222). 
The barium salt (PhN:CH.CO.J.jBa is v. e. sol. 
water, insol. alcohol. Phenyl-hydrazine solution 
gives a pp. in an aqueous solution of glyoxylio 
acid. 

Reactions.—1. Zinc is dissolved by glyoxylio 
acid, the acid being reduced to glyoolUo acid.— 
2 . Nitric acid oxidises it to oxalic acid.-— 8 . PBr, 
forms di-bromo-acetyl bromide (Perkin a. Duppa, 

: C. J. 21, 197).— 4. PClj acting omthe potassium 
salt KA'aq forms di-chloro-acctyl chloride, KOI, 
di-chloro-acctic acid, and free glyoxylio acid 
CHO.COil (Beckurts a. Otto, B. 14, 1619).— 
6 . Boiling aqueous KOH fonns glycollic and 
oxalic acids (Bdttinger, B, 13, 1932).—6. By 
treatment with potassium ^anide and boiling 
tlie pro<luct with baryta there iformed tartronio 
acid CO.,H.GH(OH).COiH. —7. Toiytenc-o-di- 
amine on boiling with^alcium glyoxylate forms As. 

crystalline acid 0 ,Hs<^jj^C.COaHaq? si. sol. 
water, v. sol. alcohol, and decomposing at 160° 
(ffinsberg, A. 237. 358). 

Salts.—Witjj^ the exceptioi^of the ammo¬ 
nium and potassium salts, these might equally 
well be described as salts of ortho-glyoxylioaoid. 
—NH^A': small prisms, v.sol. water (Perkin; 
Engel, C. B. 98, 688 ). Its ooncentrated solution 
turns yellowwhen boiled. Giv^s pps. with 
with Pb(OAc)i„ and with CUSO 4 .—BAf: p^. asaa 
oil by adding ^cohol to its aquSous solution $ sO« 
lidifies after a time. Insol. aloohoL—BaA « : 

■mall white crystals; partly resolved by boiling 
water into glyooUate and oxalate.—CaAt2ag $ 
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thin nesdlea ^ hud priimi. S. -61 at 8°. It 
do«a not oft water at 170°, but at 180° it 
gires off water and 00, leaving glyeoUate and 
oubonate.—Ca,(0.H,0,)ir—CaA'jiaq: gelati- 
nont pp. got by add&g alcohol to the aqneoue 
eolnUon. - {OaAy ,(NH,), Oaq. - (CaA'J,(NH,),: 
formed by adding ammonia to an aqneous soln* 
tion of calcium glyoiylate at 60°.—Pb(OH)A'.^- 
Zn(OH)A'aq; white crystalline pp. got by adding 
a cone, solution of calcium glyoaylate to zinc 
acetate.—AgA'aq: white crystalline ponder; si. 
•oL cold water.—(AgA'),{NH,), (Debus). 

Oombinationa with biaulphitea .— 
KaA'NaHSO,; formed by adding a cone, solu¬ 
tion of NaESO, to one of glyoiylio acid. Crys¬ 
tals, T. aoh water.—(CsA',),Cf(SO,H), lOaq: 
formed by passing SO, into water, in which cal¬ 
cium glyoxylate is suspended.—Calcium gly- 
ozylate and glycollate 
(0a(0,HOJ,),Ca(C^,O,),4aq.—Calciu m gly- 
oiylste and lactate 
0a(0,H0.),Ca(C.H,0,),aq. 

Phanyl-hydraaida 0,H,NH.N:CH.C0.jH. 
Formed as a pp. of One yellow needles by adding 
a solution of phenyl-hydrazine hydrochloride to 
an aqueous solution of glyoiylio acid (Fischer, B. 
17, 677). Yellow needles. Decomposes at 137°. 
Sol. alcohol and hot water. 

Phenyl ethyl hydraeida 
OAK£t.N:CH.CO,H. Fpd. by adding phenyl- 
ethyl-hydrazine hydrochloride to a dilute solution 
of calcium glyoxylate acidified by HCl (Elbers, 

A, 287,810). White needles, m, sol, hot water,, 
V. sol. alcohol and acetic acid. 

OrthoglyoxyUo acid CH(OH),.CO^. This 
is perhaps the true formula of glyoiylio acid. 

Di-ethyl-derivative CH(OEt),.CO.,H. 

Formation.—1. From tetra-chloro ethylene 
and NaOEt at 100°-120° (Oeuther a. Fischer, 
J, 1861, 316).—2. By boiling di-chloro-acetic 
aoid (18 pts.) with alcohol (90 pts.), in which 
sodium (10 pts.) has been dissolved (Sebreiber, 
F. 1870,167). 

Pr^erttM.-Unstable oil; split up by boiling 
with HCl into alcohol and glyoiylio acid.— 
Bara^jO,),: deliquescent amorphous mass.— 
AgC^,,0,: If.', sol. water. 

•Bthyl ether oj the di-ethyl deriva¬ 
tive CH(0Et),.<30,Et. (199° cor.). S.G. 15 
'994. Formed from CH(OEt),.CO,Ea and EtI at 
120° (Schreiber, Z, 1870,167). Formed also by 
beating glyoiylio acid witli alcohol at 120° (Per- 
Un, B. 8,18^1, (^tsinod by passing HCl into 
a solution of HQyindry alcohol (Piimer a. Klein, 

B. 11, 1476). 

laobutyl ether ^ the di-iaobntyl 
derivative CH(OCA),COrC,H,. (261°). 
Formed by passing HCl into a solution of dry 
HCy in isolmtyl lUcohol (P. a. K.). Oil. After , 
saponifioatio Jt e ves the salt CH{OC,H.)rCO,Ag, 
whkh erystaffises in small needles, sh soL cold 
water. 

Amide of the di-ethyl derivative 
CH(OEt)rCONHr [77°]. (Schreiber, B. 1870, 
18«; reSP] (Pinner a. Hein,®. 11,1177). From 
OH(QEt),CO,Et and cold alcoholic NH,. Tables 
or needles (by (mblimation). V. soh wain and 
alcohol). • 

Amide of the di-itobutyl derivative 
OmOC,H,)rOOM^ [ 4 . 64 °]. Orystalliiw (£. 
•.H). 


Seferenee.~Cmnno-aLroxmo aiasK 

OtTOXYlYl. OYAHIM xoHO.CO.CN. 

Phenyl-hydraaide CHO.C(NJEtPh).ON. 
[161°]. Formed by the action of a concentrated 
solution of hydrochloric aoid upon the di-oxim 
of the phenyl-hydrazide of mosoxalio aldehyde 
CH(NOH).C(N,HPh).CH(NOH) (Von Peohmann 
a. Wehsarg, B. 21, SOUO). Sulphur-yellow nee¬ 
dles, insol. water, sol. other solvents. Decom¬ 
posed on molting. Cone. H,SO, forms a yellow 
solution not aflected by FeOl,. Boiling HIAq 
liberates aniline. When its dilute alkaline solu¬ 
tion is nofired into a neutral solution of diazo- 
benzene chloride there is formed 0,H,N,0(N,Ph) 
[168°] which mTstallises from alcohol in brown 
plates, insol. alkHis. 

Oxim of the p/ienyl-hydraaide 
CH(NOH).C(N,HPS).CN. [210°]. Formed by 
treating the preceding with hydroiyiamine hy¬ 
drochloride in alcoholic solution. Demon-yellow 
difficultly soluble needles, decomposed by fusion. 
Its solution in H,SO, is not ejected by Fed,. 

Di-phenyl hydraaide 
CH(N,HPh).C(N,HPh).CN. [161°]. Formed by 
the action of phenyl-hydrazine on a hot alco¬ 
holic solution of the monophenylhydrazide 
CHO.C(N,HPh).CN (Von Fechmann a. Wehsarg, 
B. 21, .8000). Orange-red needles, decomposed 
on fusion; sol. alcohol and HOAc, si. sol. most 
other solvents. The solution in E,SO, is not 
affected by FeCl,. Fed, or K.,Cr,0, acting on its 
solution in dilute HOAc forms the'osotetrazone' 

NPh^' '''***°** crystallises in bronzed 
hair-like needles, melting, with decomposition, 
at 137°. 

The corresponding acid . 

CH(N,HPh).C(N,HPh).CO,H [203°] is formed by 
treating di-bromo-pyruvic acid with phenyl 
hydrazine (Nastvogel, A. 218, 86). p-Tolyl 
hydrazine and (a)-naphthyl hydrazine form 
similar acids, melting at 188° and 196° respec¬ 
tively. 

Phenyl-math^l-hydraaide 
CHO.C(N,MePh).CN. [111°]. Prepared from 
CH(NOH).C(N,MePh).CH(NOH) by treating its 
solution in acetone with cone. EClAq. Con¬ 
verted by phenyl-hydrazine in acetic acid solu¬ 
tion into CH(N,HPh).C(N,MePh).CN [181°], 
which forms yellow plates. Aniline produces 
the compound CH(NPh).C(N,MePh).CK, which 
crystallises from alcohol in slender yellow 
needles [161°]. 

Oxim of the phenyl-methyl-hydra- 
st<feUH(NOH).C(N^ePh).CN. [178°]. Formed 
fpom the preceding and hydroiylamins. Yellow 
needles. Boiling acetic anhydride forms 
GH(NOAc).C(N,llePh).CN, which crystaUises 
from alcohol in yellow needles [122°]. 

OlYOXYLYl TOEAC,H,N,0,t.s. 
NH,.OO.FH.CO.OHO. The potassium salt is 
formed with evolution of CO„ on adding ace tic acid 
to a solution of the potassium salt of oxonicaoid 
0,H,N,0, (Medious, A. 176, 230; B. 9, 1162 j 
10,644). Thick shining needles, sT. sol. cold, T. 
sol. hot, water.— KA': orystallina powder.— 
AgA' : amorphous powder. 

bomcrlds v. Anummaio tm>. 

aH08C0P»X 0,,H-N,0„. [288°]. S.(aold 
alaohoi) -07. An alkuoid obtained from the 
Botbet-liquors in the purification ol nateelne 
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Smith, Ph, 9,82). Sol chloroform 
ftnd OS|, si. sol. bsnzeoe. Insol. aqueoas or 
aloobolio NaOH. Dissolves in acids. The solu* 
tioB in oono. H^SO^ is yellow, turned crimson by 
s trace of KNO,. A solution of the hydrochloride 
gives a bnff-ooloured pp. with platinio chloride. 

OOA FOWDKEt v. Chbtsahobih, p. 173. 

OOtD. An (Aurum\. At. w. 196-85 (Thorpe 
a. Laurie, C. J. 51, 565, 866). At. w. 196-64 
(KriUs, B, 20, 205, 2365). Mol. w. unknown. 
[1045®] (Violle, G. R. 92, 866); [1240®] (Biems- 
dyck, 0. U. 20, 23; for other deterreinatious v. 
Camelley’s Melting and Boiling-poinfTahles). 
S.G. fg 19-8 to 19-33 (G. Rose, P. 73,1). S.H. 
O^-lOO” -0816 (Violle, C. R. «9,‘702); 12°-98° 
■03244 (Regnaalt, A. Ch. 12] 73,1). C.E. at 40“ 
•00001443 (Fizeau, C. B.69, 1125); (J“ to 100“ 
‘0000147 (Matthiessen, Pr. 15, 220). T.G- 53‘2 
(Ag ^ 100) (Wiedmann a. Franz, P. M. [4] 7, 33). 
E.C. at 0®»43-84 to 44-62 (Hg at 0®»1) 
(Matthiessen a. Von Bose, T. 152, 1). For 
description of emission-spectrum v. de Bois- 
baudran’s Spectres Lumineux. , 

Gold has been known and used from pre¬ 
historic times. The names by which the metal 
is known in different languages generally express 
the property of brightness. The methc^ of sepa¬ 
rating gold by amalgamating it with mercury is 
fully described by Pliny. 

Occurrence.—Qo\d is found native, gene¬ 
rally more or less alloyed with Ag. It occurs in 
the crystalline, the compact mctamorphic, the^ 
trachytio, and trap, rocks, and in alluvial soils. 
The greatest quantity is obtained from alluvial 
deposits formed by the disintegration of ancient 
auriferottt strata. Gold is most abundant in 
Europe in Hungary and Transylvania; but it 
occurs in small quantities in very many primi¬ 
tive mountains or in the sands of rivers issuing 
from such mountains, e.g. in the southern slopes 
of the Alps, in North Wales, in th| Scottish 
Highlands, and in the Ural mountains. It is 
also found in fair quantities in Brazil and Chili, 
and other parts of S. America; abundantly in 
California, and parts of Australia, and in British 
Columbia. 'The purest specimens of native gold 
contain about 99p.c. Au. The Californian gold 
averages from 87*5 to 88-5 p.c., and the Austra¬ 
lian from 96 to 96*6 p.c. Au. 

Extraction of GoW.--(l) By washing 
away the earthy particles with water. 
This is effected on a large scale in California by 
means of a head of water rushing through a 
pipe with a narrow nozzle. Sometimes the sands 
of an auriferous stream are washed in a wodtien 
cradle, which is rocked by hand. (2) By 
amalgamation. Tlss richer gold-containing 
rooks are crashed and mixed with mercurj^ 
whereby an amalgam of Au andtHg is formed; 
this amalgam is separated from sthe earthy i 
matter aM heated in specially constructed iron | 
tetorts; the gold remains and tbe^ Hg is re¬ 
covered. Poorer ores are washed before amal¬ 
gamation? (8) By smelting. Ores which con# 
tain aTWR ll quantities of Au mixed with Ou and 
Pb, and sulphides, are sometimes roasted, and 
theit with quarts and smelted; the mass 
ii powdarad and treated with dilute j 

Uia realdoa Mi mixed with fresh quantities of (ffa* 
•nd tba IMfttmenk ia repeated; when a fait 


quantity of Au has aeemulatedPla the raaida 
it is bo^ with cono. HjSOi to dissolve Ag, Ob 
Ac., andithe insoluble matter is subjected to t 
process of parting. (4) By wet processes 
The principal process is that based on convert 
ing All into soluble AuCl, by treatment with Cl 
The ore is thoroughly roasted to remove S, As 
and Sb; the moistened residue is then trestec 
with Cl which fnust be free from HCl; on ad 
dition of warm water, the AuCl, dissolves; thi 
Au is ppd. generally by ferrous sulphate, li 
whatever way the Au has been separated it u 
usually still alloyed with Ag; this is separatee 
by parting. Sufficient Ag is added to ensure 
the presence of 5 parts Ag to 2 parts Au; the 
alloy is gran^ated and treated with pure nitric 
acid in whicn the Ag dissolves, while the Au 
remains insoluble. Or the alloy, which should 
contain from 19 to 25 p.c. Au, is treated with 
hot cone. H 2 SO^; Ag dissolves and Au ia in- 
soluble. The treatment with HNO, or H^SO^ il 
repeated; the Au is washed and melted with 
borax and nitre. For details of those and other 
processes of gold extraction v . Diotionabt Of 

TBCIINICAL CHKMISTUY. 

Preparation. —Au may be obtained from any 
alloy with Ag in which it is present by treating 
with a mixture of 2 measures of cone. HClAq 
and 1 of cone. HNO„ filtering, evaporating at 
100® until acid vapours are no longer evolved, 
dissolving the residue in warm water acidulated 
with HCl, filtering, and ppg. Au by addition of 
FeSO^Aq. Or an alloy of Ag and Au, or of Ag, 
Gu, and Au, containing not more than ^ p.o. 
Au, may be granulated, heated with 2^ times its 
weight of H.SO,Aq S.G. 1*815 in a^t vessel as 
long as SO.^ is evolved, boiled with a little more 
H^SOjAq S.G. 1*65, and allowed to settle; ^e 
liquid is then poured off and the treatment with 
H 2 SO 4 S.G. 1-815 is repeated once or twice; 
finally the residual Au is washed and dried. 
Kruss [A. 238, 30) prepared pure Au, for his 
determination of the atomic weight, by dissolving 
the purest commercial An in aqua regia, evapo¬ 
rating to dryness at 100® with HCl, dissolving in 
water, diluting largely, and filtering; he than 
ppd. the Au (1) by SO 4 , followed by washing with 
HClAq and water, drying at 180®, digestingaritb 
cone. H 2 SO 4 in a Pt dish, washing with hot 
water, drying, fusing (in Pt) with EHSO 4 (to 
remove Pd), then fusing with KNOj (to remove 
Ir), redissolving in aoua regia, and reppg. by 
S 6 ,. By method (2) the An was ppd. from the 
dilate AuCl, solution by oxalio*acid; in methoS 
(3) the pptant. used was FeClj. In each c^e the 
Au was washed, difkolved in agua regia, 
reppd. by SO,, again washed, and redissolved in 
OQ'ua regia, and finally ppd. by oxalic aoid« 
Thorpe a. Laurie (C. J. 61, 570) prepared pme 
I Au, from old assay cornets, |)y dissolving in a^va 
regia, evaporating to remove ‘exoesa of nitric 
acid, dilating with much water, allowing to settle 
for several weeks, pouring off from traces of 
A^l, ppg. by BOj, and boiling the pp. with water 
tm every trace of Cl was removed. 

• iVt^erries-'-Aaistheoi^ymetalof ATellbw 
colour; in thin sheets it appears greenishi by 
transmitted light. Ap ppd. from solnUon 
80,Aqor FeS 04 Aq appears asa luBtreles8,browii< 
yellow to reddish, powder. An omtaSBsOc.fii: 
r^ular forms chiefly ockahedra and aodecabe^|sa»^ 



GOLD. 


«48 


Aa is softer than Ag bntharder than Sn. When 
pore, Au is the most malleable of ^ metals, 
sheets '0001 mm. thick have been obtaiired. The 
dnotility of Au is nearly limitless; a grain of 
Au has been dnvn into a wire dOO ft. long. Au 
is not oxidised by heating in air; it is vol^ilised 
and ^rhaps partially oxidised when a strong 
eleotno oorrent is passed through thin leaves or 
wires. Insoluble in HNO„ cone. HClAq, or 
HjSO^: dissolved by aqua regia. Cl and Br 
combine direct with Au forming AaGl, and 
AuBr. respectively; the metal also combines 
direotiy with P; and it forms alloys with several 
metals (v. infra. Allots). Compounds of Au 
are generally easily decomposed by*heat, yielding 
Au. Purple of Cassius is probably a mixture of 
SnO, with Au (v. Tin, oxides of). 

Ooldis distinctly and decidedly metallic in its 
physical properties; but in many of its chemical 
relations it belongs to the non-metals. The com¬ 
position of the aurous compounds AuX), Au„S, 
AuCl, drc., marks the resemblance between Au 
and the alkali metals; the solubility in water of 
AUjS and AUjO emphasises this resemblance. 
The marked instability of the salts of Au, the 
acidic character of the hydroxide AuOjH,, of the 
sulphides AujS and AuS, and the existence of the 
acids HAUCI 4 and HAuBr^, mark the analogy 
between An and the non-metals. In the olassili- 
oation based on the periodic law, Au is placed 
both in Group I. which contains the alkali metals, 
and in Group VIII. which contains the metals 
Fe Ni Co and also the Pt metals. Au is the first 
member of series 11 , in which it is followed by 
Hg, Tl, PI), and Bi; these four elements are 
decidedly metallic, but both Pb and Tl form 
salts in which they play the part of negative 
elements. (For a further discussion of the 
chemical relations of Au v. Copper group of 
ZLEMBNin, p. 250.) 

*• The atomic weight of Au has been determined 
very carefully by Tliorpe a. Laurie, from (1) the 
ratio An:KBr, and (2) the ratio AuiAgBr; the 
salt used was KAuBr^ (v. J. 51,565, 8 G 6 ). Kriiss 
(B. 20,205, 2865) has also determined the at. w. 
from analyses of KAuBr^, and, also of AuCl,. 
(For an account of older determinations v. paper 
of Thorpe a. Laurie.) 

AUotropic form of GoW.—According to Thom¬ 
sen {Th. 8 , 398) the Au ppd. by SO^Aq from 
solutions of AuBr, differs from tliat ppd. from 
AuClsAq: the thermal measurements of the two 
reduotion-procerser.ahow,accordingto Thomsen, 
that An p]^. from AuBr,possesses energy equal 
to 3,210 gram-units of hqat, per 197 grams of 
gold, more than the Au ppd. from AuCl,. 

Oold, alloys ot Gold alloys with most 
metals. The alloys which are of most technical 
importance are those with copper and silver. 
Pure An is tockjK>ft<ior making jewellery, watches, 
eoins, < 2 o.; toying it with Cu increases the 
hardness, and produces a redder colour than that 
of pure An. Alloying with Ag gives a lighter 
ooloor. Alloys of Au with Cu and Ag are more 
(asiMe than pure Au. The sundard coinage of* 
the United Kingdom is 11 Au to 1 Cu. Au 
torms amalgams with Hg. By dissolving 1 pt. 
An in aoout 1,000 pts. Hg, pressing tbrongh 
sbamois leather, and treating the residue with 
fiNO,Aq, a solid amalgam approximating to the* 
oomposition AOtEg » said to be obtained 


(Henry, P. Hf. (4) 0, 458). An amalgam, 
approximately Au,Hg„ is found native in 
California. Another amalgam, approximately 
Ag,AugHg,o,i8 found in New Granada. The pasty 
amalgam of 2 pts. Au with 1 pt. Hg is sometimes 
used for gilding articles of copper and bronze. 
The surface of the article is cleaned thorot^hly 
by heating and immersing in dilute HgSOgAq, 
it is then amalgamated by rubbing with 
Hg(NO,).^Aq, and then pressed on the pasty 
amalgam of Au; the Hg is then driven off by 
heat, and the surface is polished. Copper may 
also be gilded by immersion in boiling AuCi,Aq 
to which an alkaline carbonate has been added. 
The process of- gijding generally consists in de¬ 
positing Au from solution of the cyanide in 
KCNAq by an elec^ic;. current, the object to be 
gilded botng made me negative pole, while the 
positive consists of a bar of gold (v. Diotionabt 

OF TECHNICAL CHEillSTRl). 

Gold bromides. Aurous bromide AuBr, and 
auric bromide AuBr,, have been isolated, and, 
according to Thomsen, a third bromide AuBr, 
also exists; as none of the bromides has been 
gasified, the above formula may or may not be 
molecular. Thomsen gives the following ther¬ 
mal data {Th. 3, 412) [Au, Br]« -80; [Au, Br*j 
= 8,850;'[Au, Br>, Aq] = 6,090; [AuBr*, Aq] 
= -3,700; [AuBr’Aq, 3lIClAq] = 4,280. AuBr, 
combines with HBr to form HAuBr, ( 0 . infra). 

Aurous uhomide AuBr (or Au^irg). 
HAuBr^.SHP {v. infra) is placed in a porcelain 
basin, the bottom, but not the sides, of which is 
gently heated; the salt melts and thencvolvesHgO 
and^r; the dish is then kept in a drying oven 
at 116® until the colour is yellowish-groy (Thom¬ 
sen, Th. 3, 390). AuBr is described b 3 ^Thom 8 en 
as a greyish-yellow body with a talc-like appear¬ 
ance, unchanged in air and insoluble in water; 
decomposed somewhat above 115® into Brand 
Au; reacts with HBrAq to form HAuBr, and 
Au. 

Aubo-aurio BRoi^pB AuBr^ (or AuBr.AuBrJ. 
According to Thomsen {Th. 3, 386), this com-' 
pound is produced by treating Au which has been 
reduced by 80^4 dried at 170® with excess 
of Br, removing the excess of Br by tilting 
the vessel, powdering the residue, and again 
treating with a little l^r. Thomsen describes 
AuBrj as a compact, almost black, nrn-deli* 
quescent, mass; at 0 . 115® it is decomposed to 
AuBr and Br; it dissolves slowly in water to 
form AuBr and AuBr,; it is decomposed rapidly 
by acids and also by anhydrous ether into AuBr,, 
which^ssolves, and a residue, probably AuBr, 
wfich slowly decomposes to AuBr, and Au. 
According to Kriiss a. Schmidt (B. 20, 2634) 
AuBr, does not exist. * 

Auric bromide AuBr,. Ppd. Au is dissolved 
in BrAq, or b^«ter in HBrAq containingHNO,, and 
the solution is evaporated at a low temperature. 
Thomsen {Th. 8, 887} recommends to treat 
AuBr, with anhy^us ether, which is kept oold 
by the passage through it of a current of air, and 
then to evaporate the oono. solution thus ob¬ 
tained by sucking a rapid ounent of air through 
it tif temperature is not kept low, reduction of 
AuBr, takes place), to allow the residue to stand 
over lime until dry, then to powder and diy at 
70 ®. AuBr, is a dark-brown, non-deliqueKent,- 
powder; soluble in water and ether; tba 
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wuuB wuvu uguo. ftre nearly blaok. AaBr,Aq is 
partially reduced by boiling; SOaAq forms AuBr 
and then Au. AuBr, combines with HBr to 
form HAuBrt (v. in/m). 

Aobo-bromhtoeio Aoro HAuBr^.SHjO (Auro- 
broniioacid, Bromo-auricacid. Hy<kogmhromo> 
aurate). Pinely divided Au is treated with exoess 
of Br; when the reaction is completed, HBrAq 
S.0.1*88 is added in the proportion of 100 g. to 
every lOOg. Au used, and then enough £r is 
added to dissolve completely all the Au; the 
liquid is poured into a porcelain dish which is 
allowed to stand in a cool place. Zja^jge, dark, 
vermillion>red crystals soon separate ; after an 
hour or so the mother liquor i&pourcd oif, and 
the crystals are dried at a tSmperature not ex¬ 
ceeding 20*^. The crystals melt at 27 °; they are 
unchanged in ordinary air. ^AuBr^Aqns reduced 
to An by SO,Aq (Th, 3,369). Thomsen (T/t. 3, 
411) gives the thermal data: [AuBr’Aq,HBrAq] 
« 7,700; [AuBr*, HBrAq] = 3,880; 

[AuBr», HBr, 6H*0] = 35,280; [Au. Br*, HBrAq] 
«12,790; [HAuBr’Aq, dHClAq] = -510; 
[3AuBr, HBrAq]« 3,050; [AuBr«Aq, ,2SO-Aq] 
= 61,790; [HAuBr\ 511,0, Aq]- -11,400. 

Aurobromate of potassium KAuBr 4 . 
Potassium bromo-auratc. MonocUnic crystals; 
a:6:c=.*79688:l:-361 ; 3 = 85° 34' (Schott- 
lander, A. 240, 346). Prepared by dissolving a 
mixture of finely-divided Au and KBr, in the 
ratio Au:KBr, in excess of Br with addition of 
a considerable quantity of water, evaporating, 
and crystallising from water (Thorpe a. Laurl^i 
C. J. 51, 671). The salt is decomposed by lioat 
to An and KBr. According to Kruss {B. 20,2305) 
KAuBr^ cannot be obtained perfectly free from 
traces ofi*Au; but this is denied by Thorpe a. 
Laurie {C. J. 51, 866). Tlie salt in solution is 
very easily partially reduced. 

Gold chlorides. Two chlorides AuGl and 
AuGl, certainly exist; Thomsen says that a tliird 
Dbloride, AuCl,, is also produced by tjje reaction 
between Au and Cl; this is denied by Kriiss, 
but re-asserted by Thomsen. The formula) 
AuOI, AuClj, and AuCl, are the simplest that 
•an be given; but as the compounds have not 
leen gasified these formulae are not necessarily 
nolecular. 

Aubous ohlokidk AuGl. Best prepared ao* 
lordi^ to Thomsen {Th. 3, 386) by heating 
luCVto 186®. Yellowish-white powder; insol. 
rater, but decomposed by water, quickly on 
mating, to AuCl,Aq and Au. [Au, Cl] “5,810; 
3AuCl, HCUq] “4,980 (Th. 8. 411). 

AUBO-IDBIO OHLOMDB AuCl, (oT AuOt.AuCls). 
'homsan {Th. 8, 883) describes this oompttond 
B a hard, dark red, very hygeosoopio, solid; de* 
omposed by water to •AuGl and AuOlsAq ; de- 
omposes at o. 250® giving some AuOlg: pr% 
ared by leading dry 01 over Au |)pd. by SO;jAq 
rom AuOljAq, the reaction bein^ started by 
entle heating and then allowed to proceed until 
11 the Au is changed to AuClj {Th. 8,883; v. also 
homsen, J . pr . [2J 37, 106). KrUss a. Schmidt 
B. 20,2684; and also J. pr. [2] 38, 77) assert 
lit the products of the action of 01 on Au are 
mixture of Au and Au01|, uid that no AuCl^ 
produced, . ^ . 

Srfiss (H. SO, Sll) says that when finely, 
ivided Au b heated in dry Cl to 140® anro-« 
uio chloride is produced; at 180®~190® this 


is decomposed with formation^of Audi and a 
little AuCI,; at 220®-230° a little more AuGlf 
is obtained and the AuCl decomposes to Au and 
Cl, and that the Au thus produced remains un* 
changed in the Cl; on cooling these reactions 
are reversed. Butina subsequentmemoir Erfiss 
a. Schmidt say that the only products of the 
reaction of Au with Cl are AuCl and AttCl|, and 
finally AuCl, afid Au. 

Aubio cbiiokidk AuCl,. Formed by dissolv* 
ing Au in aqua regia, evaporating, and crystal* 
lising, and drying on a porous tile over cone. 
HjSO, for several days. A purer product is 
obtained by evaporating the solution in aqm 
regia to dryuess, heating the residue to 185° so 
long as Cl m evolved, decomposing the AuCl 
thus formed oy a very little hot water, allowing 
to settle, decanting from Au, and evaporating to 
diyness the cone. AuCljAq thu^ obtained over a 
fiame arranged so that the bottom and not the 
sides*of the vessel is kept hot; when the re8i4ue 
is heated to 150° pure AuCl, is obtained. Thom* 
sen {Th. 3, 384) recommends to treat AuGl, 
instead of AuCl with water in the manner di« 
rected. If cone. AuCljAq is evaporated to the 
crystallising point, and then allowed to stand in 
dry air, large orange crystals of the hydrate 
AuClj.2H,0 separate; these are dehydrated by 
standing on a porous tile over cone. H,SO, for 
some days {Th. 3, 386). AuCl, is also formed 
by heating finely-divided Au in Cl (v. supra). 
Lindet (C. R. 101,1492) recommends to heat 
Au in Cl in presence of AsCl,, SiCl,, SbCl„ SnCl^ 
or TiCl,; AuCl, is formed and dissolves in the 
other chloride, but separates in crystals on cool¬ 
ing. • 

Auric chloride crystallises in large red-brown 
leaflets; it is very deliquescent, and dissolves 
in water with production of heat. AuClt^q is 
easily reduced; Au is ppd. by ?, many metals, 
FeSO^, H-AO,, AsjO,, Sb,0„ and by orgapio 
matter; reduction also occurs by the action of 
light (u. Foussereau, C. R. 103, 248); AnCl,Aq 
is not reduced by pur& NaOH, but if organic 
matter is present reduction occurs (Kriiss, A. 
237, 274). AuCl, dissolves in hot AsCl„ SiCl,, 
SbCl„ SnCl,, and TiCl„ but separates again on 
cooling. When Au is heated with S^Cl, the^com-- 
pound AuCl.,.SCI, is formed; and when Au is 
heated with SeCl, dissolved in molten As01„ and 
Cl is passed in, the compound AuCl,.SeCl 4 is 
produced (Lindet, C. R. 101, 1492). AuCl, com¬ 
bines with HCl to form HiUiCL ft), infra), HBi 
reacts with AuCl, to form HAuCl,, HAuBr,, and 
HCl {Th. 3, 410). Thomsen (Th. 8, 411) gives 
the thermal data:—[Au, Cl*] =*• 22,820; [AuOl*, Aq] 
-4,460; [Au,Cl»,Aq]-27,270; [AuCl».2H'0,Aq] 
« -1,690; [AuCBAq, 4HBrAq] “ 16,210. 

AuRo.cnLOBHTDBiaAon>HAuCl4.4H,0. (Aifm* 
chloric acid. Chloro-aurieagid. Eyd/rogenchlcffh 
auraU). Long^ yellow necaleB,^ormed by die* 
solving Au in aqua regia, adding a large exoeu 
of HCl, evaporating to a s^p, and allowing 
to crystallise. Also by dissolving AnC&tAq 
in HGlAq aiffi evaporating; in ^ aif 
MAuC^S^O is formed {Th. 3, 407). 
is also formed, along with HAuBr, and HCS^ 
when excess of HBrAq is ftdded to AuCl^Aq 
{Th. 8, 410). [AttOFAq, HOlAq] -4,680; [Ao, 
Cl», HClAq]- 81,800; CAuCl», HOl, 4H?Ol 
■ 82,180} [AuCl’Aq, 4HBrAq] m 18,31G| 
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^aO'Aq, iBSUi]-13,800i 
fBiaa‘. 4 SVM]m -e,880;[BA.aai8EH).Aq] 
m —8,BB0> C 

Ammonium auro^chloraiot (NH 4 )Aa 0 l 4 
(Ammonium chloro^aurate). By dissolving 
NH 4 OI in AnO^Aq strongly aoidified with HCl, 
and evaporating, monocUnio yellow tablets are ob* 
tained, haying the oomposition 4 NH 4 AQCI 4 . 5 H 2 O; < 
[{'these are dissolved in water and Te*cry 8 tallised 
rhombic plates are formed 2 NH 4 AUCI 4 . 5 H 3 O. 
Both salts are dehydrated at 100'^. 

Potatsium auro^chlorate or ehloro- 
aurate, EAUOI 4 . Formed similarly to the NH^ 
salt; crystallises in yellow needles, 2 ^u 0 l 4 .H 3 O; 
the orystals effloresce in the air; ^vhen heated 
they melt with evolution of Cl, ^d the liquid 
solidifies to AAuOl, 

Sodium auro-ehlorate or ehloro^ 
aurate, NaAaOl 4 . 2 H 20 > Formed similarly to the 
NH« salt. 

Anroohlorates of Ba, Cd, Ca, Co, Mg,hfci,Ki, 
Sr, and Zn have been obtained by Von Bonsdorff 
(i>. 17, 261; 33, 64). 

Gold cyanides; and doable cyanides, also 
anrieyasides, v. pp. 331>2. 

Gold, fulminating, v. auBio oxide, tn/ra. 

Gold hydroxides v. gold, oxides and 
BiDBoziDss or, in/ra. 

Gold iodides. Two are known, Aul and 

Anl^, 

Aobous iodide AuI. A citron-yellow powder, 
insoL cold, si. sol. hot, water. Formed by 
adding HIAq to Aa^,, I being set free in the 
reaction; or by adding an equivalent quantity 
of K1 in solution, little by little, to AuCljAq 
(Aa01,Aq -i- 3£IAq » Aul + SEClAq + 21). Decom¬ 
posed at 120^ to Au and I; decomposed by 
kOHAq with ppn. of Au. [Aa,IJ«i —5,520 (T/t. 
8,412). 

Auric iodide Aul,. A dark-greeu pp. formed 
by adding AaCi,Aq, little by little, to EIAq. 
Vi^en less than AuGl, is added to 4KI 
a dark-green liquid is formed, and then a 
pp. which dissolves /on shaking; on then 
adding a little more Au01,Aq ^e liquid is 
decolourised and Aul, is ppd. (probably 

(1) 4KUq + AxCl,Aq = 3ECIAq-f.KAuI,Aq and 

(2) SEAuI^q + AuCl^q 3KClAq + 4AaIj). Aul, 
is very unstable; exposed to the air it changes 
to Aul. It combines with HI, but little is knov. n 
of the properties of the compound; with El it 
forms ^ul^. 

Potatstum^%rO‘iodat« or iodo-aurate 
ElAnl,. Black, lustrous, four-sided prisms; 
lormed by dissolving Anl, in EIAq, or by mixing 
Aul, and EIAq in the rafio AaI,:4El, and al¬ 
lowing the liqoid to crystallise. Soluble, with 
partial decomposition, in water. Decomposed 
by heat to Au and £1 (c/. Johnston, P. 3f, [dj 9, 
166). [AaCa>4,q,8E/Aq] - 45,660 (TA. 3, 411). 

Gold, oxides and hydroxidei<f>i. Three oxides 
>t Au have been isolated: aurous oxide AuoO, 
iuro-qiurie oxide AuO, and auric oxide Au,b,. 
karyUa hydroxide AnO.OH (or Aa, 02 (OH),) has 
ymn obtained, and perhaps ^ne or two other 
lydroxidee intermediate, between AuO.OH and 
UQiH,. There is still doubt as to the isolation 
»f mHo hy^xide AnOA* Oxides of Au con- 
aining more 0 than An^O, have been described, 
mt according to Eriiss none of these exists (v. 
IrflM, B. 19* 2541 ; refeieneei to older papers 


are glTao Vy Kriiga). fhe li^dnta Aa,04£L0 
desoribed by fissohig (A. S3S, 841) doM not ezut 
according to Eriiss. 

Aubous oxide Au, 0. This oxide is best pre¬ 
pared by adding 80,Aq, drop by drop, to 
EAuBr 4 Aq kept at O’* until the red colour just 
disappears, pouring ofi the liquid, warming the 
residual AuBr with EOHAq, washing the ppd. 
hydrated Au,0 with boiling water, and di^ng 
over PjO, (Krfiss, B, 19, 2543). Au^O is a 
greyish-violet solid; when freshly ppd.it is some- 
wliat soluble in oold water, but is ppd. on boil¬ 
ing; alsq slightly soluble in KOHAq; soluble in 
HClAq or HBrAq with separation of Au; un¬ 
acted on by other acids; decomposed at c. 250’* 
to An and 0. *3olution8 of Au,0 in water 
give a marked absorption-spectrum (Eriiss, l.c.). 
Kasohig (4. 235, 341) describes bodies produced 
by reactions between aurous oxide and ammonia, 
and the same oxide and methylamine; when 
cono. NH,Aq is added to Au,0 suspended in 
water, a black explosive compound, NAu,.KH„ 
is obtained, and when this is boiled with water 
or dilute, Boids triauramiTie, KAu„ is produced; 
NH^Me forms NMeAuj. 

Auro-aurio oxide AuO (or Au,OAu,0,). Ac¬ 
cording to Eriiss (B. 19, 2544) this oxide is best 
obtained ^y heating AuO,H, (v. in/ra) to 160**. 
AuO is described as a dark olive-brown powder; 
very hygroscopic, and must be kept over P,Oj 
^dss; V. also Schottlander, A. 217, 312). 
Cone. KHgAq acting on AuO is said to form 
rf.he very explosive body sesquihydraurylamvM 
NHs.N(AuOH), (Rasohig, A. 235,341). 

Auric oxide AujO,. AuGl,Aq is obtained by 
decomposing 1 pt. AuCl with 50 pts. water and 
filtering; the liquid is heated to boiling and 
magnesia alba (not ttsta) is added until the red 
colour of the liquid disappears; the pp. of 
AuOgH, is filtered ofi, suspended In 20 pts. water, 
and kept in contact with 10 pts. HNOtAq, S.G. 
1'4, for 12 hours; the residue is then digested at 
100’ for 6 hours, with reversed condenser at¬ 
tached, with HNOgAq and water as before; the 
residue from this digestion is washed with hot 
wateruntil every trace of HNO, is removed; the 
AuOjH, is then dried and very carefully heated 
(?to under 100**; the directions given by Eriiss 
are not clear). AUjO, gives off 0 at o. 110°; at 
160° AuO remains; at 250** Au remains.. It is 
easily reduced to Au. 

When moist Au,0, is treated with excess of 
NHjAq, or when excess of NHjAq is added to 
AuCljAq and the pp. is suspended in boiling 
NHjAq^ or in water containing a little KOH, 
and then allowed to dry, a yellowish-brown 
solid, with a tinge of purple, is obtained, whioR 
explodes loudly when struck by a hammer or 
, wnen heated to a little above 100°; the products 
of the decomposition are An, NH,, N, and H,0. 
This substenoe is generally known as fulminaU/ng 
gold, Dumas (A. Ch. [2] 44,167) gave to it tha 
formula {AuN.NH,)j.8^0; this is confirmed by 
Baschig (4. 235,841) for the body obtained by 
the action of KH,Aq on Aq, 0„ but B. says that 
the product of the action of NH,Aq on AuClfAq 
is a mixture of preceding auric diamine 
with auric imido-ohloride, NH.AuCl. Dilute 
]^S 04 Aq with fnlminating gold forms a ve^ 
explosive body, (AuN,^^!^SOf (B.). 

Avaio HTDRoxiDES. Accordmg to Eriiss (B» 
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19,954^th« normal b^droxi^ 
Au,Ot.8H^(B>AuO|l^) is obtained br ppg. 
AuCl|Aq by fnap?testa a»&a, and removing 
excess ot magnesia by HKO,Aq (tor details v. 
supra, kvmo oxins); Kriiss does not say at 
what temperature the pp. must be dried, nor 
does he give analyses. When this pp. is kept 
for some weeks over PjOt the hydroxide 
i is obtained (Krhss). 

t^cbottlander M. 217, 312) failed to isolate 
AuO,H,; the nighest percentage of water he 
obtained agreed with the formula 2Au20,.3H20, 
and the lowest with the formula Au^s.H^O. 
Schottliindcr (f.c.) by decomposing AuSO^ {v. 
Sulphates) by water obtained the compound 
SAuC-HaOl» Au, 02 . 02 H 2 ). Aese hydroxides, 
or hydrated oxides, yield /tii when heated to c. 
250° (c/. also Pelletier, A , uh . [3] 16t 6, lid; 
Fremy, A. Ch. [3] 31, 478; Thomsen, Th. 
3, 391). 

Moist auric oxide (? AuOjH,) is a weak base; 
it dissolves in cone. HjSO, and HNOsAq but the 
solutions are decomposed by water with ppn. of 
hydrated AUjO,. Schottlunder {A. 217, 312) 
obtained Au(N 0 ,)s.HN 03 . 3 Hp by dissolving the 
hydrated oxide in flNOaAq, S.G. 1'492, at 20°, 
heating to 100°, separating from ppd. Au, and 
crystallising by surrounding by a freeaing mix¬ 
ture ; by heating this acid nitrate to above 73° 
he obtained the normal nitrate Au(N 0 ,)j.a;H 20 . 
The same chemist obtained the sulphates 
AuC-HSO, and AuSO, from the nitrate. Hy¬ 
drated auric oxide dissolves in alkalis, and' 
from such solutions salts have been obtained 
known as aurates, e.g. KAuG^.^H^O. These 
salts are very easily reduced to Au (v. Auiutks, 
vol. i. p. 9G3). Thomsen {Th. 3, 411) gives the 
following thermal data: [AuO’H’,4HClAq] 
= 22,970; [AuO»H*,4HBrAq] = 36,780; 
[AuO*H’,3HClAq] = 18,440; CAuO’H>,3HBrAq] 
= 29,080; {Au^O’,H^O] = -13,190. 

Gold phosphide Au-^Pj. A grey sglid, S.G. 
6'67, formed by gently heaUng Au in P vapour; 
decomposed by heat (Schrotter, W. A. B. 1849. 
801). * 

Gold purple. A name given to purple of 
Cassius, which is probably a mixture of SuOj 
with finely divided Au (v. Tin, oiinES of). 

Gold, salts of. Few compounds have been 
isolat^ produced by replacing H of acids by 
An ; ^036 which are known are very easily re¬ 
duced, like all the compounds of Au. The 
normeU nitrate and sulphate Au(NOj,)„ and 
AuSO* have been isolated {v. supra) ; also some 
basic nitrates and sulphates, and a few double 
salts, e.g. gold-ammonium sulphite and gdid- 
ammonium thiosulphate {v. Nitiutes, Sulphates, 
&c.). * 

Gold Hlenids. The pp. obtained by addingi 
HjSe to solutions of Au is probally a selenide 
(Berxelius, P. 8,178). • 

Gold selenocyaaides v. p. 348. 

Gold sulphides. Two sulphides, AUjS and 
AuS, have been isolated; these sulphides form 
tlilo- salts by reacting with alkaline sulphides, 
but the salts have scarcely been examined. 
When BLS is passed into AuCljAq, kept at 100°, 
Au is if local cooling twes place the pp. 
eontains varying proportions of combined S, 
but no definite oompound is produced (It. Hoff- 
Buuui a. Krfisi, S. 20,2308). 


Aubous BULPHiDB Aa,8. ObtaiW, by passing 
H 2 S into a solution ot EAuOy^ uid then adding 
HGlAq. xhe £AaGy 4 was prepared by decolour¬ 
ising AuGl^Aq by KOy, concentrating at 100°, 
adding dilute HClAq, evaporating, and washing 
the pp. with hot water. The EAuGy^ was dis¬ 
solved in EOyAq; the liquid was saturated with 
H,S, excess of HClAq was added, and the whole. 
was heated to boiling. The grey pp. which 
formed was washed with HClAq, then with 
C 2 H 2 O, ether, and CS;, in succession, and finally 
with ether (Ti. Hoffmann a. Kruss, B. 20, 2378). 
Au.S is a brownish-black powder; when freshly 
ppd, it dissolves in water, but after drying it is 
insoluble in v%ter, and not decomposed by boil¬ 
ing dilute H(]|Aq or H 2 B 04 Aq. Dissolved by 
BrAq, forming AuBr, and H,,S 04 ; oxidised 
readily by aqua regia, &c. It is not acted on by 
KOHAq even at 100°; slowly dissolved by 
alkaline mouosulphides, easily by alkaline poly¬ 
sulphites, with formation of thio- salts of Au. 
AujS is soluble in ECyAqf and is reppd. by 
HClAq. It is completely decomposed by heating 
to 240° (H. a. K.). 

Auro-auuic sulphide AuS( = Au2S.Au2S,) (L. 
Hoffmann a. Kriiss, B. 20, 2704). Obtained V 
passing H^S into cold AuCIjAq until the 
liquid is colourless, washing the pp. repeatedly, 
by decantation, with water, then with abso¬ 
lute alcohol, dry ether, and CS;, successively, 
and finally with ether, and drying at 120°>130° 
(8AuCl,Aq-^9H,S-l-4H20 
a 8 AuS + 24HClAq a- H 2 S 04 Aq). AuS is a black 
powder; when finely divided it transmits reddish 
light. Heated to 140° SO^ is evolved, and at 
250°-270° all S is removed, without the inter¬ 
mediate production of AUjS. AuS is insoluble 
in all acids except aqua regia ; it is gradually 
oxidised by BrAq to AuBr, and H 2 SO 4 ; it is dis¬ 
solved by alkaline sulphides; acids ppt. AuS 
from these solutions. Gone. KOHAq has no 
action when cold, but on heating Au is ppd. 
and K aurate and thio-aurate go into solution. 

H. a. E. {l.c.) have refteated the experiments 
of Berzelius, Oberkampf, Yotke, and others, but 
liave failed to obtain any other sulphides of gold 
except Au.^S and AuS. (For references to the 
older memoirs, v. H. a. K., l.c.) * 

Sodium aurosulphide KaAuS.iBigO. 
Monoolinic prisms; very easily decomposed in 
air; obtained by fusing together Au, NojS, or 
Na^CO,, and S, lixiviating with water in an at¬ 
mosphere of K, and evapofat^g in the sam^ 
atmosphere in vacuo. 

Gold sulphocyanides v. p. 350. 

Gold telluride. I’robably obtained by ppg, 
AuCLAq by H-Te (Berzelius, P. 8,178). 

M. M. P. M. 

OOSSTPOSE is identical with Bmntosx. 

OBAMINIK 6C.H„O,aq«[201“]. 8.0. PSiM. 
[a]n - - SS-SO”. wS. 22-8 at 10°. A oarbohydiata 
found in the roots of Trisetwn alpestre and other 
plants (Bkstrand a. Johanson, B. 21| 627). 

OEABATIKE. An alkaloid in the bark ot 
tbs root of the (SatMid, J. PK 

r« 28.168). 

GBAKSIPhOBIHE. Mol. i{. 886-44 Obtaiwril 
from the fruit ot Solanum 
traoting with water and alooW. whit, powte 
I riving the usual alkaloid reactions. Ooa.. 
1^30, auda little MnO. give a yellow eolonntiol^ 
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taming grMn ud then violet (Domingos Freire, 
C. B. m, 1074). 

ORANinoSE V. Staboh. ^ 

ORAFHIT£, a fonn ol carbon; v. vol. i. 
pp. 685-687. 

O&APHITIC AOQ) Formed in small 

guanfity in the eUotrolysis of mineral acids and 
salts when the positive pole js pure graphite 
(Bartoli a. Papasogli, 0. 12,114 ; 13, 37). 

Pr^ration.—Graphite, purified by boiling 
with acids and fusion with caustic potash, is 
intimately mixed with KCIO, (3 pts.); the 
strongest nitric acid is added in sufiScient quan¬ 
tity to render the mixture fluid; and the whole 
is either exposed to sunshine or'^hcated to 60° 
for 8 or 4 days. When no more yellow vapours 
are evolved, the mixture is shaken into a large 
quantity of water, and the undissolved poi tion 
washed by decantation, dried at 100°, and treated 
with EG10| and HNO, as before. This process 
is repeated three or four times, the residue being 
graphitic acid (Brodle, A. 114, 6). 

Properties .—Thin transparent yellow crys¬ 
tals ; si. sol. pure water, insol. water containing 
acids or salts. When heated it explodes with 
incandescence, giving of gas and leaving a black 
residue. When suspended in petroleum (boiling 
at 270°) and heated, water comes over between 
100° and 200°, CO, being also evolved; the 
petroleum acquires a deep-red colour, and a 
black carbonaceous residue (Cj^HsO^?) is left. 
When a solution of ammonium or potassium 
sulphide is poured upon graphitic acid it de¬ 
composes with decrepitation, forming a graphi- 
toidal substance with metallic lustre. Acid 
solutions of cuprous and of stannous chloride 
behave in like manner. Gottschalk {Z. 1865, 
6o2) represents graphitic acid by the formula 

Salts.—When graphitic acid is shaken with 
aqueous ammonia it is transformed into a trans¬ 
parent jelly, without dissolving; after adding 
acids and drying in vacuo the residue has the 
same weight as thq* original graphitic acid. 
Moist graphitic acid shaken np with baryta- 
water, washed, and dried at 100° yields a com¬ 
pound contaiidng 21*1 p.c. Ba; after being sus¬ 
pended in water and decomposed by a stream of 
COp the salt, dried at 100°, contains 13'3 p.c. 
Ba. This may be Ba{C„HjOii),. It is hygro¬ 
scopic and detonates when heated. 

ntro-graphitoie acid An 

amorphous br^wi^ substance got by treating 
graphite from iron (Spiegeleisen) with HNO, 
(^mAtzenberger a. Bourgeois, B 8, 547). Boh 
water, nitric acid, alkaus, and alcohol, insol. 
foiutioDs of salts. 

OEAPHOH, a name given by Brodie to a 
supposed form of carbon of which graphitic acid 
was a compoimd (r. vol. i. p. 687). 

OBATlOLiN Agljcoside ocoorring 

In QroHola officinalis (Marchand, J. Chim. Mid. 
1846, 867; Walz, Jakrb. pr, Pharm. 21, 1). 
Amonhons substance, insol. ether, si. soL water, 
V. toL alcohol. Cone. forms a purpld' 

aUntion, the colour being destroyed by wiier. 
It# aqneous solution is ppd. by tannin. Boiling 
dilute Ei,S 04 sputs it up into a sugar, gratio- 
latin a crystallisable substance insol. 

water and ether, and gratioleretin 0„EnOs a 
insol. water, sof. ether. 


Gratioiolin „ _ _ . „_ 

occurring in Oradola officinalis. Easily resolve 
by acids, alkalis, and even FbO into glucose an 
gratiosoletin a substance solubl 

in water and ppd. by tannin. Gratiosoletin i 
further resolved by boiling with dilute acids int 
glucose and a resinous mixture of gratiosolereti 
GifHggOg, sol. ether, and gratiosolereti 
hydrate insol.ether. Itneedbardl 

be observed that all these formulse aro extreme! 
doubtful. 

GEAVITY, 6FEC1FIC, synonymous witi 
relative density, v. p. 871. 

6BE7ILLBA. GUM. Occurs on the bark o 
Qrevillea robusta. yellowish-red, slightly trans 
lucent mass; swlils up in water, forming a whit 
emulsion, whence alephol ppts. the gum, Icavini 
0 p.c. of'a red ream in solution. If soaked ii 
water containing a little KOH, lime, or EgGO, 
the resulting solution gelatinises on addition o 
FeOlj. The aqueous solution is lievorotatory 
gives no pp. with lead acetate, but a blue gela 
tinous pp. with CuSO,. It does not reduce Feb 
ling’s solution. It is oxidised by HNO, to muci( 
and a little oxalic acid. Boiling dilute 
forms a sugar (G. Fleury, Ph. [ 6 ] 1), 479). 

OBAIACENE G,H,0. (118°). Obtained bj 
distilling gum guaiacum. Identical with Tiouc 

ALDBHVDB (q. V.). 

GBAIACOL V. Methyl derivative of Ptro- 

CATECUIN. 

GUAIACUM. Besina guajaci saliva. A resin 
which exudes from the stem of Qtuijacum offi¬ 
cinale, a tree growing in the West Indies. It is 
composed of yellowish-brown lumps usually 
covered by a greenish-grey powder which renders 
it opaque. It is brittle. S.G. 1*206 to 1**226. 
When heated it emits an odour somewhat like that 
of gum benzoin. Alcohol dissolves about 90 p.c. 
of the resin, the solution being ppd. by water. 
Ether and oil of turpentine dissolve much of it 
It is nearly insol. water. It dissolves in alkalis. 
II.JSO 4 dissolves it, forming a splendid red solu¬ 
tion, which yields a*violet pp. with water; alco¬ 
hol first colours tlie liquid violet-blub, and in 
larger quantity imparts to it a dirty bluish-green 
tint (Schill, A. Ill, 372). Both the powdered 
resin and its alcoholic solution turn green when 
exposed to the air and light (especially violet 
rays). The alcoholic solution is coloured blue 
by nitrous fumes, by GrO„ by ozone, by chlorine, 
by KjFeCy,, by AuGl,, by KMnO,, by MoO„ and 
by FeCl,; the blue colour is removed by SO,. 
Guaiacum tincture is coloured blue by concen* 
trated; but not by dilate, onprio sulphate solu- 
tibn. Even dilute CuSO„ in presence of HCy 
or of organic nitriles, also colour tincture of 
guaiacum blue (Schonbein, Fr. 8 , 67; Sobaer, 
' Fr. 9, 430). According to Schdnn {Fr. 9, 210) 
i guaiacum t^oture is coloured blue oy a dilute 
solution of CuSO, in presence ol NII 4 OI, BaCl|, 

I NH^Br, KI, KGy, and NH 4 F. SchOnn also ob- 
I serves that guaiacum resin is coloured blue by 
; solid lead acetate, by solid OaGl,, by solid BaCO, 
on addition of a little HClAq, by MnCl,, by mer¬ 
curous nitrate, by a cono. solution of sodium 
I snlpbocyanide, and by ouprio chloride even in 
I very dilute solutions. Arterial blood colours 
^ tinctun of guaiacum blue. According to Sobdn- 
i bein (/. pr. 102, 164) exposure to light deprives 
I tinotufc of guaiacum of the power of beitm 
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taraed bine by ozone. Heat also deprives the 
resin of this property (Hager, Fr. 26, 261). 
Potash-lnsion forms protooateohnio acid from 
^aiaoom. Pry distillation forms tiglio aide* 
hyde C,H.O (118°), gnaiaool C^,(OH)(OMe) 
(200®), creosol G,H,Me(OH)(OMe), and pyro« 
gnaiaoin C„H,„0, [181®] (Hlasiwetz, A. 106,361). 
Distillation with zino-dust forms creosol, tolneno, 
m-andp-xylone, ^-cumene, and guaiene 0 ,jH ,2 
(Bdtsob, M. 1, 615). Alkalis extract guaiaretio 
acid from guaiacum (Unverdorben, P. 16, 869). 
According to Hadelicn {J.pr. 87, 321) gaaiacnm 
also contains gnaiaconio acid (sol. etbei^, and a 
resin C,,H, 40 <or C..„H 2 oP« (insol. ether] [200®], 
sol. alkalis and reppd. by acids. • 

Ouaiaretio acid CojHIO,. [75®-80®]. 
Powdered guaiacum is boiled with milk o! lime 
for half an hour, and the^^d insoluble residue 
exhausted with hot alcohol; the alcoholic solu¬ 
tion is evaporated and the residue dissolved in 
warm aqueous NaOH (S.G. 1*3). On oooling, 
sodium gnaiaretate separates, and may be puri* 
fled by recrystallisation. The free acid is then 
got by adding HCLAq (^asiwetz a. A. 

119, 266; cf. Thierry, J, Ph. 27, 381; Hlasi- 
wetz, A. 112,182). 

Properties^—Britile, concentrically grouped 
needles (from HOAc). Colourless; ^rmanent 
in the air. Sol. alcohol, ether, hot HOAc, 
and CS.. Sol KOHAq; insol. NH^Aq. Ppd. 
by adding NH^Cl to its solution in KOHAq. 
Ppd. as a resin by adding water to its alcoholic 
solution. Its alcoholic solution is Iffivorotatory,* 
and is coloured grass-green by FeCl*. Chlorine- 
water does not colour the alcoholio solution 
either green or blue. The aqueous solution is 
not coloured blue by fuming HNOj. Wlien 
slowly distilled it yields guaiacol and pyro- 
gnaiacin C,pH„ 03 . [183°]. Potash fusion gives 
protocatechuic acid. When bromine is dropped 
into a solution of guaiaretio acid in CS, there 
is formed Ca,H^Br 404 which crystaiyses from 
alcohol in needles. 

Salts.—The guaiaretftes of the alkalis are 
orystallteable; those of the alkaline earths are 
amorphous pps. The neutral salts are stable 
only in presence of alkali; when boiled with 
water they are converted into acid salts.— 
K,A''2aq: scales (from alcohol).—K3A"3aq.— 
IIKA'^: obtained by boiling the preceding 
salt with dilute alcohol; crystalline pp.— 
Ka2A"2aq: shining lamine. — NaHA"aq; 

laminjB.—BaA"xaq.—PbjOjpHjP*: amorphous 
pp. 

Gnaiaconio acid C,bH 2 ,Oj (?). [958-100°]. 
Jlemains in the mother liquor from wUch 
sodium guaiaretate (v. sv^ra) has crystallised 
(Hadeliob, J, pr. 87, 321). The solution is eva¬ 
porated, the residue extracted with alcohol, an<^ 
the alcoholic solution treated witli GO,. Amor¬ 
phous. V. sol. alcohol, ether, ohlov>form, and 
flOAo. Laevorotatory. When heated with 
HOlAq at 180® it forms MeCl and pyrocateohin 
(Herzig.if. 3,125,823). Nitrous aoid gas passed 
into its ethereal solution forms di-nitro-gaaiaooI.« 
The K and Na salts are sol water and alcohol; 
the Ba and Pb salts are insoluble. 

OUAIKNE 0,^,,. [98°]. Obtained by dis- 
tilling resin of guaiacum or pyroguaiaoin with 
■ino-dust (Bbtsi^, Af. 1, 618; Wieser, M. 1, 602)., 
(by inblimatios) with bine fluorescence. 


Yolatile with steam. Sol. aldho! and ether. 
Gone. HjSO, forms a green solu^on; on adding 
water tie hydrocarbon is not reppd. CrO, in 
HOAc forms guaiene-quinone C,,H,bO, which 
by sublimation forms lemon-yellow needles, 
[122°], m. sol water, insol. NaHSO,Aq. Guaiene 
forms with picric acid a compound crystallising 
in slender needles, [123°], v. al. sol. alcohol. 

GHAIOL V . Tiolio aldshyus. 

GtTAKAMlNE. The substance to which this 
name was given by Nencki, was subsequently 
called by him Pobmoouamamine ( q . v.). 

DIGUAKIDE C,H,N. t.«. 

Biguanide. ^Jmnidyl-gmnidine. 

Formatio7i .— 1. By heating a salt of guan¬ 
idine with cfanamldo; the yield being small 
(Bathke, B. 12, 776).—2. By the action of PC!, 
or bromine on a mixture of thio-urea and 
guanidine sulphocyanlde; the yield is very 
small*—3. By heating di-oyan-di-amide with an 
ammoniaoal solution of C 2 !s(OH )3 at 110°; the 
resulting copper derivative being decomposed by 
HjS (Herth, M. 1, 88). 

Preparation.— An alcoholic solution of di* 
cyandiamide is heated with ammonium chloride 
in a sealed tube for 8 hours at 105° (Smolka a. 
Friedreich, M. 9, 228). 

Properties.—The free base, liberated from its 
sulphate by baryta, is amorphous and alkaline 
in reaction. It expels ammonia from its salts. 
Boiling diluted H BO, splits it up into NH, and 
CO,. 

Salts.—B"H 2 S 04 aq: crystals, v. sol water. 
—B^'jHBO^aq : from the sulphate of the copper 
derivative and H^S (Emioh, M. 4,*409); large 
colourless crystals, with neutral reaction, v. sol. 
water.—The hydrochloride and nitrate 
crystallise in soluble needles.—B"H 2 PtCl, 2 aq: 
soluble crystals. — Copper derivative 
(02H,Nj)jCu2aq. Obtained by heating an am- 
moniacal solution of cupric oxide with di-oyan- 
di-amide (Herth, M. 1, 881 Large flat prisms 
of brick-red colour; v^sl sol. cold, sol hot, 
water, forming a deep-^olet solution, turned 
blue by acids. Alkaline in reaction. — 
(CoHgNJ^OuH^SO^Saq: slender ged needles, sL 
sol water. Formed by adding ammoniaoal 
GuSO, to a solution of a salt of diguanide. 

References.— iMo^nvT'ih, ethyl-, methyl-, and 
Phenyl diguanide. 

GUANIDINE CHjN, i.e. HN:C(NH,),. Md. 
W.69. 

Formation.— 1. Together •with parabanio 
acid, and small quantities of xantliine, oxalurio 
acid, and urea, by the action of HGl (S.G. 1*10) 
and KCIO, (12 g.) on guanine (20 g.) in the cold 
(Strecker, A. 118, 151).—2. By heating biuret 
to 165° in dry gaseous HCl (Finokh, A, 124, 
335).—8. By heating ohlo^piorin for several 
hours at 100° >iyth a strong alooHblio solution of 
ammonia (Hofmann, Z. [2] 2,1073; 4, 721; B. 
1,146; A. 139,107).—4. In small quantity by 
the action of aqueous ammonia at 150® on 
orlho*carbonio eAer (Hofmann, A. 189, 111).*— 
6« Together with urea by thq action of dry aft- 
monia on carbonyl chloride GOOi, (Bouohardat, 
C. H. 69, 961; Fenton, 0. /.’SS, 798).—fl. By 
heating cyanamide in aloohoUo solution with 
ammonium chloride at 100° (Erlenmeyer, 

[2] 7 , 28 ; i. 146,269).—7. Byheatingoyanogen 
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iodide with alo^hollo NH, for Z hoare at 100^ hsing in long oeedles, and a platinooblori> 
iBannow, B, 4, 161). According to OsaikoTsky orystallising in platee (Wense, B. 1 

(Bi. [2] 18» 161) other products, in^iudii^ a 768).—10. When bgtml {1 mol) is boiled wit 
volatile fatty acid, are formed at the same time, a smaller quantity of guanidine carbonate 

8. Together with urea, ammelide, and biuret, mol.) in aqueous-alooholio solntion, there 
by the electrolysis of a solution of ammonia formed benzii mono-guanidide 0„H„N|0 pn 
with carbon electrodes (Millot, BZ. f2] 46,244). bably 0:0Pb.0Ph:N.C(NH8):NH. This bod 

9. Among the products of the oxidation of egg forms white oblong plates, sol. alcohol, inso 

albumen by EMnO^ in presence of magnesia water. It is alkaline in reaction (Wense, B. li 
(Xiossen, A. 201, 369). 762).>-ll. Aceto-aceHc add digested in alooholi 

Preparation, —Dry ammonium Bolphocyan> solution with guanidine carbonate for a fei 
ide is heat^ for 20 hours at 180M90®. The hours forms * methylguanacU ’ CjH,N,0 i.< 

TMa bod, cr.stalliao 

guanidine sulphooyanide is pmrified by recrys* from water in prismatio needles; sol hot, si 
tallisation from water or alcobql, and is con- sol. cold, water, 4. si. sol. alcohol (Behrend, B 
verted into the carbonate by mixing a solution 19, 219).—12. Phenyl-thio-carbimide (8 pts. 
of it (100 g.) with a solution of E.^CO, (^8 g.), heated with alcohol and guanidine carbonate 
evaporating, and dissolving out the potassium (2 pts.) at 100*^ forms the crystalline oompounc 
snlphocyanide with alcohol. The guanidine NHPh.CS.NH.C(NH.J:NH (Bamberger 

carbonate is then recrystallised from watir, and B. 13,1681; 14, 2638). 
the base liberated by dissolving in the cal- Salts.—B'HOl: regular needles; v. sol 

culated quantity of dilute H..SO4 and adding alcoholyellow needles or prisms, 
the calculated quantity of baryta (Delitsch, v. sol water, v. si sol alcohol.—BUClHg^Cl^.— 
J. pr. 2] 8, 240 ; 9, 1; Volhard, J. pr. [2] 9, B'HAuClg: long needles.—BTOr,: from guan- 
10). idine carbonate (1 mol) and bromine (3 mols.). 

Crystalline, strongly alkaline Large red prisms which easily lose bromine 
mass, having a caustic taste. When exposed (Kamens);:i, B. 11, 610).—B'HI|: prisms.— 
to the air it deliquesces and absorbs carbonic B'HNO,: ppd. as a crystalline powder by adding 
acid. ENO| to a solution of the hydrochloride. Formed 

Reactions.—l. When boiled with baryta also by rubbing guanidine sulphocyanide with 
it gives ammonia and urea; the urea sub- pure HNO, and filtering before defiagration 
scqoently breaking up into CO, and ammonia ^ensues (Jousselin, C. B. 88, 1086). Lamina 
(Baumann, B. 6,1376). Hence boiling concern (from hot water); si. sol cold water. Mixed 
trated acids and alkalis give only CO, and NH, with silver nitrate it gives the crystalline com- 
(Ossikowsky, B. 6, 668).—2. With pound B'AgNO,.—Sulphate crystallises in 

or hypochlorite of sodium^ two-thirds of the the regular system and is v. e. sol water.— 
nitrogen is evolved, one-third remaining behind, B'jHjCO,. May be obtained by boiling the 
probably as cyanate (Fenton, C. J. 36, 14).— sulphocyanide with diluted H^S04, filtering, 
3. Benzoic anhydride acting at 100® on gnan- treating with BaCO„ and allowing the liquid to 
idine carbonate forms s-di-benzoyl-urea [210®] evaporate spontaneously (Jousselin). Dimetrio 
(McCreath, B. 7,1739).—4. With chloro^fonnic octahedr^ or prisms; v.sol water, insol. alcohol 
(ohloro-carbonic) ether it forms guanidiue dicar- Permanent in the air. When heated above 120® 
boxylio ether HN.C(N{f.CO^t),. This ether is it gives off water, COj and NH,, and leaves a 
converted by alcoliolic ammonia at 100® into yellow residue resembling mcllon.—Oxalate 
guanidine mono-carboxylic ether (so-called B'HjCjO^aq: colourless crystals, si. sol water.— 
guanoline): BN:C(NH,)NH.C04Et (M. Nencki, Lactate forms regular crystals.—Cyanurate 
J. pr. [2] 17, 237).—6. When the salts of guan- B'C,N,OsH,: silky needles (Bamberger, B. 20, 
idine fatty acids are heated there are formed 68).—Sulphocyanide B'lISCy. [120®]. S. 
* guanamines.* Thus guanidine formate forms 73at0®; 135 at 16® (Engel, BZ. [2] 44, 424), 
formo-guanamineC.HjN^whileguanidineacetate Formed as above. Large flexible laminft witn 
gives acetoguanamine C^HjNj (v. in/m).—6. fatty lustre (from water or alcohol). Not deli- 
Salts of gaanidjne,heated with cyanamide form quescent. At 150® it gives off Nil, and leavea 
diguanide {v.su^a).—!. When fused with urea^^ melam. Upon tliis salt mercuric oxide has no 
gaanidine carbonate forms guanyl-ureaCjH^N^O. action r in alcoholic solution, but in aqueous 
8. An aqueous solution of guanidine carbonate so&ution it gives a pp. composed thus: 
(2 mola.) boiled with an alcoholic solution of B'.HSCN,Hg(8CN)aHgO. The reaction taking 
phma/twvraouinone forms small colourless place as follows: 3jB'HSCN-r2HgO + SHaO 
prisms of the base probably .-B'HSCN,Hg(SCN)^HgO•^6NH, + 2CO,. The 

C4H*.C:N.C(1^):NH pp- is converted by acetic acid into a mixed 

I j ^ . It ic cUcaline in rcao- acetate and sulphooyanide of mercury. The 

0-H .0:N.C(NHj):NH same pp. is converted by concentrated HCl into 

lion* absorbs CO, from the air, and forms a ci78taliineplate8ofON,H„HC12HgC{,(Byk,/.|jf. 
jrystalline hydrochloride B"H,Cl3 (Wense, B. [2] 20, 830). Fused panidine sulpho-oyamde 
19, 761).—9. In like mann^ hendl (1 mol.)' treated with finely divided le^ (got by rodw^g 
)Siled with guaniduid carbonate (2 mol6.)«tn the oxide by hydrogen) is partially converted into 
Ulnte alcohouo solution forms benzil-di-guan- ^oyano-melamidine,' C,H|,N|jO, a body 
dide 0,,H|,N. w'hioh may probably be written which is soluble in water but is separated from 
iN:0(Nffi.N:CPh.CPh:N.CWHJ:NH. Itforms the original salt bv its insolubility in alcohol 
zanolu (uystals, reacts alkaline, absorbs GO,< Oyanomelamidine forms salts of melamine when 
roiB the air, aud gives a bydrotdtloride oryitti> treated with HCl, FeOl, or With HNOi 



U fonns the nitfate of anjmeliuo. With KMnO* 
it gives melamine (Byk, J. m. [21 20,888). 

Sitroso-guanldine CH,N,0 t.e. ‘ 

’’y passing nitrons aoid 
gas throng dry guanidine mtrate suspended in 
oono. HNO,. The salt slowly dissolves, and on 
adding water to the solution, aitroso-guanidine 
IS ppd. in slender needles, which are reorystal- 
hsed from boding water (Jousselin, G. B. 88, 
811). Needles; si. sol. cold water and alcohol, 
insol. ether. Boiling oono. KOHAq decomposes 
It, giving off NH,. Warm cone. HNO, dis¬ 
solves it, and on cooling the salt B'HNO, sepa- 
rates in large plates; this salt is eflSorescent 
and decomposed by water. HCIAq dissolves ^ 
nitroso-guanidino yielding denser iridescent 
plates whioh are decomposed by water. On ' 
dissolving nitroso-guanidin*in water, adding a 
drop of very dilute aqueous KOH and !i drop of I 
aqueous FeSO, a purple colour is produced. If I 
alcohol and ether are added to the coloured I 
Mlution minute dark-red crystals are deposited, i 
Finely divided iron acting on nitroso-guanidine j 
suspended in water at 40° also forms a purple ' 
dis&ppears, ; 

rm, being evolved. The solution evaporated at 
60 leaves an unstable sulphur-yellow residue I 
which appears to be CH,N,0. . ' 

Aoetoguanamine C,H,N, t.e. " • 

°“«<NH.C(NH)>NH (Weith, B. 9. 458), or 

®“®<N:C(NHiM (CldM. B.9. 722). Ethenyl- 
diguanide. Di-amido-methyl-triazoline. 

Formed by heating dry guanidine acetate for 
16 minutes at 230°; the resulting acetoguan- 
amine acetate being eitracted by water and de¬ 
composed by NaOHAq (Nencki, B. 7, 776,1585). 
Trimetric lamin®; si. sol. cold, v. sol. hot, water’ 

V. sol. alcohol. Slightly alkaline in reaction. 
Chlorine passed into acetoguanamine suspended 
in water forms a granular pp. C.H.ChN 
(Nencki, B, 9, 287). This is insol. ifhter, sob 
alkalis ; by heating with dilute HCl it is con- 
verted ii^to an isomeric body which crystallises 
from dilute acetic acid in needles, is insol 
alkalis and forms the salts (O.H,CUI,),H.,PtCl, 
and 0,H,Cl,N,AgN0,. • • - i . 

S a 11 s. — B'HCl 2aq: tables or prisms. — 
B',H,PtCl,: yellow crystalline pp.; v. sol. 
water.*-B'HNO,: prisms, v. sol. water.— 

B',H.,SO,2aq' plates, v. e. sol. wafer._ 

B',AgNO,: small plates (from hot water). 
Acetognanide C,H,N.O w. 

or CMe4:C|0|)^^N. 
Oxy-amido-methyl-triaioline. Formed by bml- 
ing aoetoguanamine (1 pt.) with KOH (2 pts.) i 
and water (4 pts.) for i|[ hours, and ppg. with 
HOAo (Nencki. B. 9, 283). OwstalUne pp.* 
Almost insol. water, alcohol, dilum HOAc, and 
aqueous NH„ v. sol. alkalis and*H01Aq.— 
0,H,NaN,02aq.—0,H,KN.02aq.—C,H,N,OHCl: 
n6e(ilea.-O.H.N.OAgNO,. ‘ 

Aoetognanamide 0,H,N,0, U. 

Di-fxy-mtthyl-trioMolint. From acetoguan- 
Wnine (1 pt.), by warming with oono. ELSO, (2 
fts.) at 160°. Bmall needles (from aloohol) ; t. 

*. »0L wattr, Midi, ud alkalis, al. aol. aloohoL 
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On warain^ with nitric acid (S#. 1-3) it yield* 
cyanic acid. Chlorine passed mio its aqneoae 
BoiutioiUoras crystalline C^H^CIaNaO.. SI. soL 
not watef, being decomposed thereby with forma- 
B'Wrq"“ needle..- 

Chlobo-, OXT-, BasaTir., 
N^hthh... NiTBo-ra*HiL-, 
FEBNTn-a Toluc, and Xtltl. odanidinib, 

GTlAiriDINE CABBOXYUO ETHEB 

HfC(NH,).NH.CO,Et. Gmmlin,. 
1115 J. Formed as below. Trimetrio lamime 
(from water or aloohol); the crystals contain aq 
and melt at 100 “; when anhydrous it melts at 
B^H^ta . ■ P"™s.-B',H,SO..- 

Ouanidine dicarhsxylio ether O.H NO... 

i>y 8 ?owly 

adding ClCOyEtto a concentrated alcoholic Bola- 
tion c»J guanidine (Nencki, J. pr. [2] 17 , 237 ). 
Needles; insol. water, v. sol. aloohol and ether. 
Alcoholic NH, converts it at 100° into guanidine 
carboxylic ether. 

GUANIDO-AOETIC ACID C.H N.O. te. 
NH;C(NH,).NH.CH,.CO,H. Glycocyamint. 
Formed by allowing an aqueous solution of gly- 
oocoU, cyanamide, and a little NH, to stand for 
some days (Strecker, C. R. 52,1212). Formed also 
by heating glycocoll with gnanidine carbonate 
(Nencki a. Sieber, J. pr. [2] 17, 477). Crystals, 
el. sol. water, insol. alcohol.—B'.,H.FtOL 8 ao — 
(C,^N,0,)Co; blucpp.-BHCl/ prisms. ^ 

By heating to 160“ it is eplit np into water and 
the hydrochloride of ‘ glyoocyamidino ’ C,H.N,0 

or BH:C<[j^jj a base whiclf orystallisiNi 

in laminiB, v. sol. water, and forms the ealte 
C,H,N,OHCl and (C,H,N,0),H,PtCl. 2aq. 

OUANIDO-BENZENE p.8DLPH0NIC ACID 
C,H,N,SO, i.e. SO,H.C,H,.NH.C(NH,):NH. 
Formed by heating amido-benzeno p-eulphonio 
acid (10 g.) with cyanamide (8 g.), water (200 
C.O.), and ammonia (23 drops) at 100“ for three 
days (VUle, C. B. 104, lj 81 ). Brilliant needles, 

V. si. sol. cold water, insol.* alcohol and other. 
Neutral to litmus. Decomposes at 180“ Die- 
solves without alteration in H..SD, and HOlAq. 
NaOBr gives a purple colouration, with evolAion 
of nitrogen. 

QUANIDO-BENZOIC ACID 0,H.N.O, U ' 
NH;C(NH 2 ).NH.CaH,.CO,H. Bmzglycccy~ 
amine. Formed by allowing an aloohoUo solu¬ 
tion of «t-amido benzoio acM and cyanamide to 
stand, after addition of a little ammonia (GWess 
B. 7,575). Formed ajso by boiling the dioyanida 
of m-amido-benzoio acid with canstic potash 
(ffriese, B. 3. 703), and by treating the compound 
NH:C(OEt).NH.C.H,.CO,H with oono. NH,Aq 
(Qriess, B. 8,323). Thin four-sided plates {am- 
taining aq); m. sol. hot watSr. Boiling baryta- 
water gives nfhmido-benzoio aoid, m-amide- 
benzoio aoid, urea, and NH,.—B'HJVS— 
B'HOI. 

Reference.— i. p. 462. 

Ouanido-di-benioic aoid t>. toI. I. p. 167 - 
•ODANIDO-BDXYRIC ACID oJft.N.O. U. 
NH:C(NHJ.NH.OHEt.OO,H. . ^bStyram. 
amine. Amidobutyro-eyamine. Formed Sr 
adding cyanamide and a few dropi irf NELAa to 
'• cold latnrated lolntion of a-ksU^-ttolymMi^ 
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Crystals are depwited in about a month, and are 
porified by reci^tallisation from water oontain- 
kng a little NH, (DuviUier, C. B, 91,171). Long 
slender needles, si. sol. cold water, ▼. scfi. dilute 
aoide, almost inaol. aloohol and ether. By boil* 
ing with dilute is converted into the 

anhydride which crystal- 

Uses from water in long transparent needles 
(containing aq); sol. alcohol. 

OTJAlfIBO-BTHAKE STLFHOKZC ACID 
NH:0(NHJ.NH.0H,.CHj.S0,H. Tauro-cyamine. 
( 238 ®]. Prepared by heating taurine ( 1’678 grm.) 
irtth oyanamide (*85 grm.), and enough water to 
dissolve them, for five hours at 120®. Evaporat^ 
to ciyst^sation. The yield is l*tt grms. (Dit¬ 
trich, J. pr, [ 2 ] 18 , 76 ). HexagpnS prisms. 
Beadily sol. water. Insol. aloohol and ether. No 
salts have been obtained. 

ODAHIDO-HEXOIC ACID C,H,.N,0, m. 
NH:0(NHj).NH.CH{CH^j.COjH. Amido-capro. 
eyamine. Formed by mixing an aqueous'^solu- 
tion of leucine with cyanamide and a few drops 


C. S, 68, 246), and in the excrement of th 
heron (Hoppe-Seyler, M6d.-Ohm, Untera. 1871 
582). Ouanine occurs as a concretion in th 
knee-joints of pigs suffering from guano-goo 
(Virohow, Z. 1866,377), and perhaps also in th 
urine of such pigs (Pecile, A. 188,141). It ha 
also been found to the amount of 6 or 6 p.o 
in the sperm of salmon (Piooard, B. 7,1714) 
and, together with other bases, in the extrao 
obtained by boiling yeast with water (Sohiitzen 
berger, B. 7, 192). Kossel {E. 8, 404) findi 
guanin in the liver, spleen, and embryonic 
muscle of oxen. 

Pr^<iration ,—Guano suspended in water ii 
gradually mixed with milk of lime; the liquk 
is heated to bodling, and the brown solution is 
strained through ^ cloth filter, this treatment 
being repeated till thq liquid becomes ooloar* 
loss. Gcanine and uric acid remain almost 
wholly nndissolved, and this* residue is now re¬ 
peatedly boiled with carbonate of sodium, and 
the united solutions are mixed with acetate ol 
sodium, and then with hydrochloric acid in 


of NHjAq, and allowing the liquid to stand for i sufficient quantity to produce a strong acid re* 

action. lUe pp., consisting of guanine and uric 
acid, is washed with moderately dilute hydro- 
chloric acid, then boiled with the acid, and ths 
solution ot hydrochloride of guanine, filtered 
from the .’irfc acid, is evaporated. The hydro¬ 
chloride of guanine thus obtained still contains 
uric acid, to remove which the guanine is ppd. 
from the solution by boiling with dilute am¬ 
monia, then dissolved in hot nitric aoid to de¬ 
compose the uric acid; and from the nitrate of 
guanine, which crystallises from this solution, 
the pure base is ppd. by ammonia (Strcoker, A. 
118,161). According to Neubauer and Kerner 
{A. 101,318), pure guanine is most easily ob¬ 
tained by dissolving the compound of guanine 
with mercuric chloride in very dilate hydro¬ 
chloric aoid, decomposing the compound with 
HjS, and ppg. the colourless filtrate with am¬ 
monia. - 

Properties .—Whi te amorphous powder, insoL 
water, alcohol, and ether. It is el. sol. oono, 
NHjAq, and is deposited as crystals spon¬ 
taneous evaporation of the ammoniaoal solution 
(Drechsel, d. pr. [2] 24, 44). When guanine is 
evaporated with faming HNO, a yellow residue 
is left, which is turned red by ammonia, and 
then becomes purple on wanning (c/.Von Briioke, 
M. 7, 617). A solution of a salt of ghanine 
gives an orange pp. with K^CrO, and a brown 
pp. with K,FeCyj. A saturated solution of piorio 
acid gives an orange-yellow pp. (Capranioa, S. 
4, 233)7 

Peaciions.—l. Nitrotuacid converts it into 
xanthine, imidogen being displaced by oxygen 
(Strcoker, A. 108, Ul).-e 2 . EOlO, and HOI form 
guanidine and parabanio aoid, together with 
smaller quafitities of oxalnrio aoid, xanthine, 
and urea.-t.8. EMnO, and NaOH at 80° form 
oxygnauine 0„H„N,0„ which may be ppd. 
by acids as a jelly, insol. water, alcohol, and 
dilute HOlAq, sol. alJcalis (Kerner, A. 108, 261), 
With ammoniaoal AgNO. oxygiuniile giyes a 
•ilyet derivative. 

Salta.—The compounds of guanine with 
acids are decomposed by water. Ouanine does 
not appear to form an acetate ot formate,— 
B'HOfi^: delicate needles, deposited fmai s 


some time (Duvillier, C. R. 104,1290). Badia 
ting plates; si. sol. cold, m. sol. hot, water, si. 
sol. alcohol. When boiled with dilute H,SO, for 
several hours it changes to the anhydride 
.NH.CO 

NH:C<' I , which crystallises in 

\nh.ch.c,h, 

groups of needles; S. (alcohol) 17 at 22°; si. 
sol. cold, m. sol. hot, water. This anhydride 
(■amido-oaprooyamidine ’) readily takes up water, 
reproduciug guauido-heioic acid. 

a-OITAigDO-PKOPIONIO ACID v. Am- 
OBSATrSE. 

8-Onanido-propionic aoid C,H,N,0, i.e. 
NH:0(NH^.NH.CH,.CHrCO^. Formed by 
adding a little NH,Aq to a solution of fi-amido- 
propionio acid (20 pts.) and oyanamide (7 pts.) 
(Mulder, B. 8, 1261; 9, 1902). Crystals; not 
decomposed below 200°.—B'HOl: very deliquea- 
aent needles. 

a.ODAiriDO.VArEhIC AOID C,H,.N.O, t.o. 
NH:Cl(NHJ.NH.OHFr.CO^. • Oxy - Valero - 
eyamim.’ From o-amido-valerio aoid, an 
aqneons solntfbn of oyanamide, and a little 
NH^ ^nvillier, C. R. 91, 171). Small cubio 
eiTStaJa, el. sol. water, v. si. sol. alcohol; insol. 
ether. Boiling dilute H,SO, converts it into the 
/NH.CO 

anhydride C,H„K,0 or NH:CC | .which 
• a <■ \NH.CHPr 

forms delicate needles (oontaining ^aq); m. eoL 
water and aloohol. 

ODAHIhllfE V. CUAEXniNB oabboxtlio eiseb. 

evAKnrB u 

< NH.OH:O.NH. 

I >CO (Fischer, R. 16,456). 

NH-b-C >«/ 

Mol. w. 161. Oconrs in all Linds ot gnano, 
eapeeially in Pemvian guano (Unger, A. 61, 395; 
68, 68). Constitntea the greater part ot the 
excrement ot the garden spider, and found in 
the green gland of the fresh-vfhter crayfish, and 
in the ^janian'organ of the pond-mosysl 
fOonp-Besanes q, P. Will, A. 69,117; Grifiaths, 
JFV. 88,187). Fonnd in the panoreas of horses 
(Beherer, A. 113, 367) and oxen (Baginsky, ff,, 
#,888), ia Am sealea of the blesA (Baneswil,.) 
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solution of gnuino in hot oono. HOlAo — 
B'HOiaaq (Scherer, A. 112, 277). — B'H.Cl, • 
from gna^e and gaseons HOI; gives ofl ha^f 
Its Mid at 1W> (TJnger).-B'HBr aq: prismatic 
needles.—BTOaq: prismatic needles, sL sol. 
water, T. soL ^q.-B'HCIPtai, 2aq (?): orange- 
yellow omWs (U.).-B',H,cyigCi;aq: ppd. 
when alo^olic HgOl^is added to a strong solution 

of guamne hydrochloride.—B'jHjCljZnOLSaq: 

*]arg6 orystalsi obtained by adding gnanine hydro* 
chloride to a strong^ wlution of ZnCl,. 


B',HeCI,Od.Cl,. 9aq. - B'HNO, liaq: hair-iike 
interlacing needles, deposited from a solution 

a® ** ““la— 

P"a'“a—B'i(HNO,).4aq.— 
®.i{UNOj 5 . 6 Aaq.—B'^HjSO.aa^: *obtamed by 
diluting with water a solution of guanine in 
oono. H,SO,. Long needl^. — B',(H,0,OJ,: 
separates as ciystalo on mixing a solution of 
guanine hydrochloride with one of ammonium 

““!**?— 2 aq: yellowish 
radiating nodules. 

Metallic derivatives 0,H.NaiN,0daq: 
deposited on adding alcohol to a strong solution 
of NaOH saturated with guanine. Confusbd efflo- 
rosoent laminse, which rapidly absorb OOj from 
the air. Decomposed by water.—0,H,BaN,0 (at 
110°): pointed prisms. Separates ,on cooling 
from a solution of guanine in barytaewater.— 
B HgClf 2iaq: obtained as a orystmline powder 
on adding cold saturated aqueous HgOl, to a so¬ 
lution of guanine hydrochloride. V. sol. acids 
and KOyaq.—B'AgNO,: floooulent pp.; formed 
by mixing solutions of silver nitrate and guanine 
nitrate. Crystallises from hot HNO, in slender 
needles (Streoker). 

i^srence.—B rouo-ouahins. 

GuAKoLINE V. Guxhidinb cxbbozvuc eihxb. 
OirANYI.PHEir7I.THI0-lJIlEA C,SN,H,. 
U NHPh.OS.NH C(NEy:NH. [176^. Prepmed 
by heating a mixture of phenyl-thiocarbimide 
(3 pts.), guanidine carbonate (2 pts.), and alcohol 
at 100° (Bamberger, B. 13, 1680; M, 2638). 
Colourless monoolinio crystals. V. sol. alcohoL 
Alkaline ^n reaction. Slowly decomposed by 
boiling water into guanidine, phenyl thlooar- 
bimide, aniline, H,B, and 00^ Boiling HOlAq, 
forms guanidine, aniline, l^S, and CO, 

Salts.-B'HCl: long glistening needles, more 
soluble in alcohol than in water; onboilingwitii 
water ik evolves H,S; CuSO. produces a violet 
pp. taming black on heating.—B'jHjSO,': pearly 

plates.—B'jHjOjO,’': white glistening scales_ 

B'CjHiNOAOH: yellow felted needles. 

01JAN«,.THIO.TJEEA C^.N,S fA 
S0(NH,).NH.0(NH,):NH. Thiodtcj/atuHamidine. 
white glistening prisms; m. sol. cold water. * 
Formation.—!. By digesting di-cyan-diamide 
with aqueous H,S (BamWger, B. 16,1459).— 
^By heating guanyl-urea with aqueous H.S 

— 8 . From 0804 and thio-ur^ at 110°._ 

4. In small quantity by the action of Pftl, (1 mol.) 
on thio-urea (8 mols.) (Eathke, B. 11,962). 

BsacHons.-Silver salts readily displace the 
S by 0. On heating with ammoniac^ AgNO, 
It is resolved into H,S and di-oyan-diamide. 
When bested alone at 100° it changes to the 
Homeric guanidine sulphooyanide. 

®***‘-—sparingly soluble 
PP--B"H^ 04 « s white silky needles. 

HOI, 

vo6. n. 


oTrAimwrsEA oan.o 1 $, 
®t^(BHj).NH.C(NHJ:NH. Di<Jkn.a.amidme. 

Formation. —1. By evaporating a solution of 
d^cyan-rf-amide (0N)j.(NHJ, in dilute ELSO. 
(Haag, A. 122, 26), and is therefore also formra 
by the action of dilute H,SO, or H,PO. on cyan, 
amide (Baumann, B. 6, 1874).—2. By fusing 
gusmdine carbonate (1 pt.) with urea (2 pts.) 
(Baumann, B. 7. 446, 1768).-3. By heating a 
mixture of oarbamic ether (2 pts.) and guanidine 
carbonate (1 pt.) at 160° as long as alcohol dis¬ 
tils over (Bamberger, B. 20, 68).—4. A mixture 
of guanidine hydroohloride and potsssiom cyan* 
ate is heated at 180° (Bamberger). 

Preparation. —The base, prepared by any of 
the above proSesses, is ppd. from the aqueous 
solution of ths product by OuSO, and NaOH. 
The resulting copper derivative is then decom¬ 
posed by HjS. 

Properties.-Strongly alkaline crystals; ab¬ 
sorbing COj from the air. V. sol. water and al- 
oohol. EClO, and HCl oxidise it to guanidine. 
Boiling baryta-water converts it into urea, CO„ 
and NHj. On evaporating a solution of guanyf- 
urea carbonate there is left guanidine carbonate, 
NH, and CO, having been given off. 

Salts.—B'HCl^aq: laminie, v. sol. water 
and alcohol.—B'jHjPtCl,: small orange crystals. 
—B'HNO,; needles.—Auroohloride: long 
golden needles.—B',H,SO, 2aq; long needles.— 
B'HjCO,: crystalline powder. S. -67 at 18°.— 

B'jHjOjO,. 

Q0M. This term is applied to carbohydrates, 
’whether produced by plants or animals, which 
are amorphous, insoluble in alcohol, but form 
a sticky liquid with water, in which^ey either 
dissolve or swell up greatly. By nitno acid the 
vegetable gums are oxidised to mucic and ox^c 
acids. They give no colouration with iodine 
either before or after treatment with oono. H^SO,. 
Boiling dilute H,SO, converts them into glucose 
or a sugar C,H„0,. Thus dextrose (glucose) is 
formed from liobenin; Issvulose is formed from 
Isvuliu; galactose is formed from galactin, 
agar-agar, some kinds of arable, and a gum 
in Inceme and other leguminous plants; while 
arabinose is formed from gum-arabic, cherry 
gum, gum tragacanth, and the ^hm in the cell 
walls of beet-root and poppies (Bauer, /.prf[2] 
80, 888). Oums are described under Aoab-ioxb, 
AbUIH, BaSSOBIB, CxBiaiN, DXXTBiKl, Dbxtbin, 
GiUBOoa, Gxncsn, OBKvmnaA sun, Kaobi suk, 
Laotosib, Labtolans, Ljavunra, LroHBxiii, Mnex- 
I.ASB, Pbotbihs, Appendix G, Quibbacso aeii^ 
BHznuc, Sihistbin, TamciN. 

OUK AHMONIAq, The dried mot Borma 
ammoniaoum. It is partly soluble in water, but 
oontainB also an insoluble resin (Johnston, A. 
44, 828; Hirschsohn, J. 1876, 869; Moss, f, 
1878, 867). When fused with potaA it give* 
resorcin and protocateebuiowid.. The portion 
of gum ammoiAac (from Morocco} solobls in 
aloonol’gives by potash-fusion an acid 0„H„0„ 

I which forms minute crystals, sL aoL water, m. 

I lol. alcohol, mel^gwith decomposition at 266°, 

* and giving with FuCl, a violet colouration (OoM- 
■oBtniedt, S. 11, 860). HNO, acting on gum 
ammoniac forms tri-nitro-resoqnn. Distillation 
with Bina-dnBt forma tn- andp-zylene, ws-etturl- 
I toluene, (3:l]OfHJGt(OMe), and a hTdtooatbon 
<0„B« (286°) whioh on oxidatioa with ehtomio 

UU 
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mixture forms btfsoie ft&8 aootio seids and rd> eakes together and beoomH transparent at 1(K 
sinoGS products^Oiamioian, S. 12» 1668; 0. 9, begins to melt at 150’’; at 180° an oil disti 
818). over, and at 280° it froths strongly. Itisinsc 

OVX, ANIMAL, pROTBiDS, Appenaiaj 0. alcohol and ether, sol. cold chloroform and Of 
OmC ABABIO V. A&ifiiN. sol. hot benzene and oil of torpentine. Afti 

6ITM BENZOIN v. vol. i. p. 477. exposure to the air it becomes soluble in ethe 

OtTM, BBinSE, V . Dextbxn. Gutta is strongly attacked by ozonised ozyge: 

OOMMIO ACID 0<HieO,« (Beiohardt). This Gone. HOIAq attacks it, apparently forming oon 
name was applied by Fremy to arabin, but tranS' ponnds containing chlorine. On dry distillatio 
ferred by Beiobanlt {A. 127, 300) to an acid it behaves like caoutchouc, giving isopreneO,H 
formed in the oxidation of glucose by Fehling’s oaoutohene 0,oH,„ heveene (Greville William 
solution. Felsko (A. 149, 856; Z, [2] 5, 228), C. •7’. 16, 124), and a volatile acid. Whe 
working under Bcuohardt’s direction, gave the exposed to air and l^ht, especially at 35° to 80* 
formula but according to Glaus (/. pr. it is completely deprived of flexibility throng 

[3] 4, 68) gummio acid is more or less impure oxidation (Hofmann, 0, /.IS, 87;'Adrian!,0.^ 
tartronio acid. ^ 2,227,389,318). ,Gatta peroha may be keptfc 

Metagnmmie acid Ababin and* Gsrasin. a long time unchanged under water cur in th 
GUM BESINS. 1%e hardened milky juice dark (W. A. Miller, G. [2] 8, 278). 
which exudee from incisions in the stem or roots Alban.*' White cryetaliiEe resin; best ob 
of some plants. They are partly soluble in water tained by extracting gutta peroha with ethei 
(gum) and part of the residue is soluble in^alco. and boiling the resulting extract with aloohe 
hoi (resin). Examples asalostida, aloes, pi* to remove fluavil. Bogins to melt at 100°, an 
banum, gamboge, gum ammoniac, myrrh, oliba< is perfectly fluid and transparent at 180°. Inso 
num, opoponax, and ecammony. water, alkalis, and acids; v. eol. oil of turpentine 

OUM SENEGAL v. Arabin. benzene, 'CSj, ether, chloroform, and hot aloohe 

GUN COTTON o. Gellulosb. (Payen, 0. B. 35,109). According to Oudeman 

GUNPOWDER. A mixtureof charcoal, nitre, \r^, chim, app. 1, 456) alban from Indian gntti 
and sulphur, which when burnt produces large peroha may be represented by the formal 
volumes of gases chiefly CO, GO,, N,H,H 3 S, and 0,oH,yO, alid at 180° by C,qH,aO, and melts a 
0 {v. Diotionabx 0? TECHNICAL cHEMisTBx). 140° *, S. (alcohol) *61 in the cold; 6*4 at 78°. 
6UB1UN BALSAM v. Wood oil. Fluavil C^oH^O. [42°] (Oudemans). Tellox 

GUBIUNIC ACID v. Wood oil. ^ resin; sol. alcohol, ether, benzene, oil of tur 

GUTTA PEBCHA. A substance resembling pontine, OS,, and chloroform, remaining as ai 
caoutchouc obtained by boiling to dryness the amorphous mass when these solutions arc 
milky sap which exudes from incisions in the evaporated. Gone. HGlAq dissolves it witbou 
bark of the I^^orumdra Percha^ Sapota Mwlleri decomposition. 

(Bleekrode, chim. app. 1,403), and Bassia Qutta peroha from Bassia ParkU resemblet 
Parkii. ordinary gutta percha in its physical ploperties 

Gutta peroha is a brownish-red mass, S.G. and has S.G. *976. It is much less soluble ii 
*98. It is a very bad conductor of electricity, lightpetroloum, ether, HOAo, and oil of turpen 
It softens at about 48°, but never possesses the tine, but is equally soluble in CS,, ohlorofonr 
elastic character of caoutchouc. It is deposited and benzene. It consists of gutta (91*5 p.o.) 
from its solution in GS, in a very porous mass, alban (6 >. 0 .), and fluavil (2*5 p.c.) (Heokel a. 
Gotta percha is insol. water. It dissolves easily Sohlagda^auflen, 0 h.B. 101,1069). 
in benzene, CS„ ohlorofirm, and oil of turpen- 6YBOPH0B1O ACID G„HjjO, 5 . An acid 
tine. It is not attCiCked by solutions of HCl, obtained from two lichens, 

KOH, or HF. Hot cono. HjSO^ carbonises it. and Lecanora tarta^ea, collected in Norway foi 
ENO. converts h into a yellow resin. the manufacture of archil. The lichen is mace- 

Ao^rding to Payen (0. B, 85, 109) gutta rated with milk of lime, and the filtrate ppd. by 
peroha, purified by solution in OS,, consists of HCl; the pp. is dissolved in boiling alcohol, 
A three hydrocarbons: * gutta* a portion insoluble containing animal charcoal, from wbiol the 
in boiling alcohol, amounting to 75 to 82 p.o.; acid crystallises on cooling (Stenhouse, P. T. 
* alban * a portion soluble in boiling, but inso- 1849, 398). Small soft crystals; nearly insol. 
luble in cold, aio<^«ol, amounting to 19 to 14 p.o.; water, v. sL sol. ether and cold alcohol, m. sol. 
and a yellow resin * fluavil,* soluble in cold al- boiling alcohol. Its solutions do not redden 
cohol, and amonnting to 6 ^o 4 p.o. of the whole, litmus. Boiling aqueous EOH or baryta resolve 
Gutta G,«H,;. Obtained by exhausting gutta it iifto CO, and orcin. Bleaohing-powder reddens 
percha with boiling ^cohol and ether, dissolv- its solution. When mixed with NH, and ex- 
ug the residue in chloroform, and ppg. by al* posed to ^e air it forms a purple substanoe. 
oebol (Oudemans, cHm. app. 1,455; Von boiling alcohd forms orsellio ether. Gerhardt 
Bauznhaner, pr. Cd, 277; Aomni, Z. I860, {TraiUt 8, §18) regarded gyrophoric acid as 
496; ^ 116 ( 297). ^White powder, I identical wiih leoanc^ or eversio acid. 
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HXICAniN tf, HstUToinn; 

HJBXATIN V. HiBMoaLOBXM. 
EiBttATO.OBTSTAUJK v. HjEMOGLOsn?, 
H 3! M ATO-0IiOBirLiy v. H>EifoaLOBZN4 
E^HATOIBUr V . Hakoolobin. 

HiBSf ATOIlf V . HiEUOGiiOBZN. 

EiElf ATOIIN t>. Hemoglobin. • 
HSMATO'POBFHTBIN v. Hemoglobin. 
EBMATO-POBPHYBOIDIN v. Hemo¬ 
globin. • * 

HSHATOZTUH C,^, 40 ,. EcBmatm. A 
oolourless crystalline substence from ^hioh the 
colouring matter of logwood {Hcmatoxylon 
campechianum) is derived (Cbevreul, A. Ch. [2] 
60,128 ; 82, 53, 126; Qolner-Besseyre, A. Ch. 
f2) 70, 272; Erdmann, A. 44,292; Hesse,/. pr. 
75, 216; A. 109, 332). Prepared by leaving the 
oommorcial extract of logwood, previously mixed 
with sand, in contact with five rimes ifs volume 
of wet ether for several days, with frequent 
shaking; the extract is evaporated, and the 
residue recrystallised from water ./containing a 
little ammonium sulphite. BimetrA crystals 
(containing 3aq). When a supersaturated solu¬ 
tion is allowed to stand in the cold it deposits 
bemihedral trimetrio crystals (containing aq). 
The monobydrate is also obtained in granular^ 
crystals by pouring a solution that bas been 
saturated at 100 *^ into a cold vessel containing 
a small quantity of a solution of acid ammonium 
sulphite. Hffimatoxylin is si. sol. cold water, v. 
sol. alcohol and ether. It dissolves in a satu¬ 
rated solution of borax more easily than in pure 
water, the solution being neutral or slightly acid, 
and exhibiting a bluish fluoresoenoe. Alcohol 
does not ppt. borax rirom this solution. From 
the solution in borax the h»matoxyifh is ppd. 
by acids in the monohydratedform, and by salts 
{ e . g . NaQI, KCl, NH^Oi, K 4 FeCy 4 ,and HNH^SO,) 
as an amorphous mass. Htematoxylin dis¬ 
solves in warm NajS^O, forming a purple liquid 
from which it is deposited on cooling in the 
amorphous form. It also dissolves freely in 
Na^P 04 , solution remaining alkaline. 
HemsAoxylin has a sweet taste, resembling 
liquorice. Its solutions are dextrorotatoiy, 
[a] = 92*5'^ in a 1 p.c. solution. It reduces Fen- 
ling’s solution and ammoniacal AgNOj in the 
cold. An aqueous solution of hfematovlut is 
not altered by contact with pure air or oxygen, 
but, if the slightest trace of ammonia be present, 
the liquid acquires a red colour due to hsma- 
tein {v. infra). Thus ii the solution is boiled^ 
in a glass vessel it becomes purple ^y dissolving* 
alkali from the glass (Masohke, ^ 7, 1536; 
Ar. Ph. [ 8 ] 6 , 84; Mitchell, Am.Vh.6, 91|. 
HNO, oziaises it at first to htematelfn, but ulti¬ 
mately to oxalio acid. H^SOf and HOI have but 
little action on it. Hematoxylin dissolves in 
alkalis and alkaline carbonate forming a purple 
solution, the colour being destroyed by acids 
(WUdenstein, Fr, 2,9). Baryta-water added to 
a solntioD of hematoxylin freed from air by 
boiling forms a white pp. which toms blue u 
•xposed to air. Basic and normal lead acetates 
)ire a white pp. turned blue lo air; ooprio aoe* 
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taie gives a greenish-grey pp. which soon be- 
lOomes dark-blue with a coppery lustre. SnC !4 
gives a rose-cobured pp. Alum colours the solu¬ 
tion^ red but gives no pp. BaCl, colours the 
liquid red, and then forms a red pp. AuOlg is 
reduced by hsmatoxylin. Ammonium vanadate 
gives a blue-black colour (Wagner, jD. P. J. 223, 
681). According to Sdnatzenberger a. Paraf (Z. 
1862,42) thq; violet solution of hesmatoxylin in 
ammonia may be decolourised by heating for 48 
hours at 100 * in an exhausted tube; the colour* 
less ^ product, called ' hesmatinamide ’ is re¬ 
oxidised on exposure to air, becoming violet. 
Resorcin and pyrogallol are among the products 
of thadry distillation of hjematoxylin (R. Meyer, 
B. 12, 1392). Potash-fusion gives pyrogallol and 
formic acid (Erdmann a. Scfiultz, A. 216, 240). 
Sodium-amalgam or zino and dilute HjSO, do 
not reduce hematoxylin (Reim, B. 4, 329). 
Chlorine, bromine, PCI 5 , and HI yield resinous 
products. According to Fr 6 bault {J. Ph. [4] 23, 
338) the red colour of alkaline solutions of 
hsmatoxylin is destroyed by iodine, 

Penta-acetyl derivative O^H^AojO*. 
[166®]. From hematoxylin and AcCl (Erd¬ 
mann a. Schultz, A. 216, 232; cf. Reim, B. 4, 
331). Silky crystalline tufts; becomes coloured 
in moist air. 

Bromo-h»matoxylin CuH.gBrO,. Dissolves 
in aqueous EOH or NaOH with a l^e Colour, la 
aqueous RH, with a red colour. 

Pent’acetyl derivative OigEgBrOtAo,: 
[ 210 ®]; fine colourless needles; sol. alcohol, 
acetic acid, benzene and chloroform. Formed 
by adding bromine to a cold acetic acid solution 
of penta-acetyl-hematozylin (Buchka, B* 17, 
683). 

Di-bromo-bsmatozyHn C,JS,,Br, 04 . Prom 
hematoxylin and Br in*EOAo (Dralle, B. 17, 
373). Deep-red needles, decomposes above 
120 ®. Its aqueous solution is brgwnish-red. 

Penta-acetyl derivative 
From penta acetyl-hematoxylm and Br in 
EOAo at 110® (D.). Crystals; decomposes above 
180® without melting. 

Essmatoxylin-phthalefri 044 ,H,,O| 4 . Pre¬ 
pared by heating hematoxylin with phth^io 
anhydride (Letts, B, 12, l^lf Brown amor¬ 
phous mass, insol. water, sol. alkalis, forming a 
purple-red solution. • 

Eemateui CggHigO,. S. *06 at 20® { S. (ether) 
•018 at 20 ®. 

Prepamfiow.--Extract of logwood is dissolved 
in hot water and, after coolly, NH. in slight ex¬ 
cess is added. The solution is e jposed to air 
which changes nematozylin to hematMn, the 
ammonia compound of which is ppd. This up. 
(40g.) is dissolved in hot water (lOOOg.) oontain- 
,ing acetic acid (B )0 0 . 0 .), and the solution is 
^filtered. On cooling crystals of hamatsta 
appear (Hummel a. A. 0. Perm, C. /. 41,867; 
cf. Halberstadt a. Reis, 0. /.•41. 868 ; B. 14. 
611). 

Properties, — .Hiorosoopic reddish-brown 
plates with yello^sh-green loitre. SparinglT 
•olobla In watort alcohol, ether, and aerao adi 
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Forms irith KH, a brown-nolet solution, with 
ocno NaOH a purple-blue solution; in ai^these 
liquids tnm red and finally brown, freely 
soiuble in oono. HOIAq. It dissolTesin alkaline 
bisulphites, and is reppd. by hot dilate 

Reacticns.'-l, Gold oono. H ^04 dissolves it. 
On pouring the solution into water a reddish- 
brown pp. ot altered heematein Unformed. On 
adding glacial acetio acid to the solution in cold 
oono. H 2 SO, an orange crystalline powder iso- 
hiemateln sulphate, C,«H,t 0 }.S 04 H, is ppd. 
This body is converted by dilute (80 p.c.) 
alcohol into lustrous orange-red crystals of 
( 0 „H„ 0 ,)A,H„ 0 ,S 04 H.- 2 . With J^Cl at 100^ 
it forms orange-red needles ofiso-hasmatein- 
ohlorhydrin C,JH„Oj.Cl, soluble in water with 
decomposition and separation of HGl. Its solu¬ 
tion is orange. With alcoholic KOH it gives a 
reddish-violet solution. Cone. H^SO, converts 
it into iso-hfiematein sulphate.—3. With l^r 
itgives a oorresponding brombydrin, C,yH,,OjBr. 
4. Decolourised by Zn and dilute H^SO,, but 
not reduced to hematoxylin thereby. Boiling 
aqueous SO, behaves in like manner (Reim).—6. 
AoCl gives no acetyl derivative. 

Ammonium derivative : 

violet-black grains; forming a purple solution 
in water, and a brownish-red solution in alcohol, 
gives off NH, over H^SO,. 

Iso-h»m%te*m C,eH„0«. A solution of the 
ohlorbydrin C„H„0}G1 gives with Ag,0 a solu¬ 
tion which, on evaporating, leaves amorphous 
iso-hemat^ with green lustre. 

Properfies.—Solution in NaOH is red-violet, 
in NH, is du&l red-purple; with ammonio sul¬ 
phide a red-purple pp. is got (hffimatein is 
nearly decolourised by this reagent). Lead 
acetate gives a red-purple pp. 

Iso-hcsmatetn compounds dye with alumina 
chooolate-red, with iron, slate to black. The 
colours are faster than those of hiomatem. The 
generation of tso-beematem in place of ordinary 
bematein from is peculiar. Perhaps 

it is (0|,E„0,), as indicated by the sulphate. 

(3).EeBmatein C^, 30 , 3 aq. Deposited as 
small brownish-jed tofts hrom an ethereal solu¬ 
tion gf heBmatoxylis to which a few drops of 
HNO, have been added (Heim, B. 4, 831). It is 
more soluble in boiling water than hsmatem 
(Erdmann a. Schultz, A. 216,236). It is recon¬ 
verted into hematoxylin by boiling with aqueous 
SO, oz with zinc and dilute HjSO,. AoOl gives 
an acetyl derivative {216®-219‘']. 

EXXIN V. HiBKOOZiOBIN. 

HJEXOOHBOHOSEK v. Hji:uoax.oBm. 

HXXOCTAHIHv. PBonms. 

HXXOOLOBIK (syn. Hemato - globulin^ 
harnato-crystalUn). This pigment composes 
from 86-90 p«i cent/of the solid constituents of 
the red blo^ corpusoles of veltebrates; it is 
also found In the blood plasma of many inverte¬ 
brate animals, and in the red corpuscles of the 
hemo-lymph of a few invertebrates (Lankester). 
Fc^ a complete list of the anifnals in the blood 
of which it has been described w. HaHiburten 
(/. Bhytiol. 6,8321. It is found in the muscle- 
plasma of most animals, even when none occurs 
in the blood, as in some invertebrates (Lankester, 
PfiUger'$ Archie, 4,816); it is most abnndant 
In the red bomIm of rodents. It is also found 


In the nerve-oells of AphrodxU aeuleata (Gamgee, 
Physic!. Chew. 420). 

Preparation.'—Jjeidig {Zeits. f. tciss. Zool. 1, 
116), Reichert (UUlUr's ArcUv^ 1849, 197), 
Kdl/iker {Zeit$. f. msA Zool. I, 216) first ob¬ 
served that blood from different sources de¬ 
posited crystals of a red colour. Funke {Zeit. f, 
m. Med. N. F. 1,184; 2, 204, 288) recognised 
that they consisted of the red pigment of the 
blood. Lehmann {Sitz. W. 46,65), Lang fi5id.), 
and Preyer (Die BlutkiT/stalle, Jena, 1871) have 
also worked^ at the subject. The principal 
methods tor preparing these crystals will be 
found in detail in Oamgee’s Physiol. Chem, 
85-88. The oryetals may be obtained with ease 
from the blood of some animals (rat, guinea 
pig) by simply adding, w%teT to the blood ; this 
first Resolves the hsmbglobin from the cor¬ 
puscles, and virithout further treatment the crys¬ 
tals form in a few minutes. A very excellent 
method consists in adding to the dofibrinated 
blood one-sixteenth of its volume of ether, or a 
mixture of alcohol and ether; on shaking the 
mixture the corpuscles dissolve, forming a lake- 
coloured fiuid, and in a period varying in differ¬ 
ent animals from a few minutes to three days, 
a tiiick magma of crystals is formed, which may 
be purified <by washing with 25 p.c. alcohol, and 
by re-crystallisation. In other methods the cor¬ 
puscles are broken up by repeatedly freezing and 
thawing the blood with or without the previous 
addition of a quarter of its volume of alcohol, 
tfnd crystals are thus obtained. The blood of 
tbe mouse is said to crystallise when drawn, 
j without any further treatment; in soptio diseases 
' in man, or by adding putrid scrum to tbe blood, 
there is the same crystalline tendency (G.^J.Bond, 
Lancett Sept. 10 and 17, 1887). The crystals 
obtained by all these methods are mioroscopio; 
larger crystals are formed by sealing blood which 
has stood in the air for twenty-four hours in 
narrow gla;s tubes, and keeping them for some 
days at 87^0. On tbep emptying their contents 
into watch glasses the crystals form (Gsohleid- 
len, Physiol. Methodik, 361). For microscopical 
investigation a very convenient method is to 
mount a drop of blood in Canada balsam, and 
the crystals separate in a lew minutes (Stein, 
Virchow's ArcMv, 97, 483). The crystals in all 
those cases are generally spoken of as heemo- 
globin crystals; it would be more correct to 
speak of them as crystals of oxy-hemoglobin, 
the loose oombination of oxygen and hoomo- 
globin that exists in arterial blood. O^stals of 
pure or’Venons hsmoglobin have, however, been 
obtained by Hiifner and by Nenoki and Sieber 
{Chem. Soc. Abst. 1886, p. 482). 

Crystalline form.—Bet only does the hEemo- 
globin of different animals differ in the readi- 
i ness with which it crystallises, and in its soln- 
I bility in waiter, but also in oryatalline form. As 
; obtained from the majority of animals, tbe 
crystals are prisms or plates belonging to tbe 
rhombio system; the ezoeptions to this rule are 
‘the guinea-pig, in which the crystals were at 
first supposed to be regular tetri^edra (Kunde, 
ZeUs. fUr rat. Med. N. F. 2, 276), bat have 
since been shown by Von Lang to be rhombic 
tetrahedra. In birds tbe crystals are often 
tetrahedral. These crystals are doubly refract¬ 
ing and pleoohromatio. In three animals, tbe 
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iquirrel (Ktinde), hamater (Preyer), and mouae 
(BojanovskiK six-sided plates have been de¬ 
scribed. Tne statement regarding mouse’s 
crystals is» however, e^neous. Bhombohedra 
have been obtained from hamster’s blood. Oc¬ 
casionally six-sided plates are obtained from 
rat’s blood (Halliburton, Quart, Jour. Mic. Set. I 
1887, 190). These crystals, if they are lyin^ 
flat, appear dark between crossed nicols, and 
therefore belong to the hexagonal system. The 
amount of water of eryetallisation varies greatly 
in the crystals from different sources, and it is 
probably owing to this that the difference in 
orystaUine form is due (Hoppe-Seyler, Physiol. 
Chem. 377 ; C. Bohr, ^uAtersuch, ilb^ d. 
Sau 0 rstoffaufnahmc des mutfar^toffeSt Kopen- 
hagen, 1885; HaUibu|tq|t, l.c.). 

CompositMw.—Hamoglobin differs from most 
of the other proximate constituents of the body 
in containing iron. Preyer’s formula for it is 
Determinations of the 
sulphur by other observers were, however, con¬ 
tradictory; on tliis ground Lehmann and otbera 
advanced the tlieory that hasmoglobin is not a 
cliemical unit, but consists of a colouring matter, 
h^rmatin, which contains the iron, mechanically 
mixed with a crystallised prot^id. A seeming 
confirmation of this theory was advanced by 
Struve {Zeit. Fraht. Chem. 1884), who extracted 
htematin from the crystals by alcoholic am¬ 
monia, leaving them colourless. Zinoffsky 
{Zeit. Physiol. Chem. 10, 16) points out, how¬ 
ever, that alcoholic ammonia is a powerful^e- 
agent, and shows that the conflicting results as 
to the quantity of sulphur present are duo to bad 
methods of preparation of the bafraoglobin. 
Adoptfhg the ether method of preparing the 
crystals (for the modifications of the method as 
already described the original paper most be 
consulted), he found that the empirical formula 
for hemoglobin is C„ 5 H,,soNj, 4 S^FeOj, 4 j. By 
heat, or by the action of strong acMs or alkahs, 
henioglobin is decoq^posed into hamatin 
(Cg8li,oN,Fe,0,o) and a proteid or mixture of 
proteids known under the ntme Globin (for the 
properties of globin v. PaoxEiDe). 

Properties,—Though crystallisable, hemo¬ 
globin is not diffusible; its colour differs with 
the amount of oxygen with which it is combined; 
th%pure pigment has a purplish tinge; the 
oxygenated condition in which it usually exists 
is a yellowish-red. In both conditions solutions 
of the pigment show with the spectroscope typi¬ 
cal absorption bands. The spectrum of oxy¬ 
hemoglobin varies with the oonceatrauon^of the 
solution; in addition to a certain amount of ab-1 
sorption of both ends of the spectrum there are 
two typical bands between the n and x lines, 
the a 'bond has for its centre ^he wave-lei^th 
679; the & band, which is wider and less well- 
defined, has its centre at wave-len^ 658 (Hoppe- 
fieyler) (seespectrum.fl). Stokes flwt showed that 
on the addition of reducing ^ents to such a solu¬ 
tion the colour of the liquid changes to tba^of 
hromoglobin, and this has only one absorption 
band, which occupies approximately the light 
space between the two bauds of oxyhesmoglobin 
(see spectrum, 8). The most convenient redu¬ 
cing agent to use is ‘ Stokes's reagent,' which 
must always be freshly prepared by adding* a 
pmaii quantity .Af oitno os tartaric acid to a 
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solution of ferrous 8nlphaie,^attd then ammonia 
till &e reaction is alkaline. Or a solution of 
amnfonium sulphide, or a stream of a neutral 
gas like hydrogen may be used. If the soln* 
tion which shows the spectrum of reduced hemo¬ 
globin be agitated with the air or oxygen it once 
I more becomes brighter in colour, and shows the 
two bands of oxyhemoglobin. This speotro* 
scopio test is the one most usually applied for 
the identification of hemoglobin. The bands 
are still perceptible when the solution contains 
only 1 part of hemoglobin in 10,000 of water. 
Another test frequently used is to obtain crystals 
of hemin (^. v.). The crystals of oxy-hemo- 
globin drfed in vacuo still retain 3-4 per cent, 
of water of crystallisation, which is driven 
off by heating to 110°-120°C. The dried sub¬ 
stance may be heated to lOO^C. without under¬ 
going decomposition. 

Hemoglobin gives all the tests of proteids. 
Oxyhemoglobin has the power of decomposing 
hydrogen peroxide. Preyer finds that 1 grm. of 
hemoglobin can link to itself 1*67 o.o. of re¬ 
spiratory oxygen; Hiifner (Zeit. physiol. Chem. 
i. 317) gives approximately the same figure; the 
theory of A. Schmidt that hemoglobin has the 
power of ozonising the oxygon it thus links to 
itself has been disproved by Ffiiiger (Pflilger's 
Archiv, 10, 252). 

Estimation of }uB 7 noglobin.-^{a} From the 
amount of iron ; dry hemoglobin contains 0*42 
p.c. of iron. A weighed quantity of blood is 
calcined; the ash is es^austed with hydrochloric 
acid to obtain ferric chloride, which is trans¬ 
formed into ferrous chloride, a»d titrated with 
potassium permanganate. (6) Colorimelrically 
(Hoppe-Seyler; Bajewsky; Malasses); the moat 
convenient instrument is Gower's hemoglobino- 
meter (Lancet^ vol. ii. 1878, p. 822). (c) Spectro¬ 
scopically, by comparing the amount of absorp¬ 
tion of light with that of a standard solution (v. 
Hiifner, l.c., Preyer, l.c. On the Spectrophoto¬ 
meter, V. S. Lea, J, Physiol. 6, 289). The ab¬ 
sorption coefficient oftoxyhwmoglobin increases 
each time it is reorystaMised (F. Kruger, Zeik 
Biol. 24, 471). V. also Fleisgm, Maly's Jahrh. 
XV. 149; Otto, ibid. 146; Quinquaud and Brany,. 
ibid. 161; £. Lambling, Arch, de Physiol. [4] 
12 , 1 . 

Compounds.—Oxyhaamoglobin. This loose 
combination of oxygen and hemoglobin islonned 
in the pulmonary or branchial capillaries, and 
forms the oxygon carrier«toithe tissues to which 
it goes, and wliexe it parts with its oxygen, re¬ 
turning in the vejious blood for a fresh supply. 
As already stated, this compound can also bd 
made artificially from htemoglobin when in solu¬ 
tion outside the body. For the most recent work 
regarding the dissociation of oxyhemoglobin v* 
Hufner, Zdt, physiol* Chem, 13, 668; 18,286. 
Carbonic oxAe hemoglobin is formed when car- 
bonio oxide is breathed instead of, or mixed in 
undue proportions with, oxygen. The formation 
of this substance is the cause of death in poison¬ 
ing from this gas, which is contained, far in- 
' stance, in the fumes of bdrning oharo(^ The 
compound has a bright aheny-ied colour, is 
much more stable than oxyhsamoglobin. Ita 
absorption bands are very like thosaofoxybismo- 
globin, but Giey are situated rather neanr to 
the blue end of the speotrom (see ipeofram, 
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fcb« addition ol reluoing agenti does not cause 
any redaction to the condition of iiemoslobin. 
It can be obtained in a crystalline condition, 
and the crystals are ol tiie same form as those 
of oxyhaamoglobin, but are more stable. For 
other tests for CO hemoglobin v. Hoppe-Seyier 
{ZtiUphysioL Chem. 2, 131), Salkowski (ibid. 
12, 227), Eatayama {Virch. Arch.,16HQ, p. 53). 
Nitric oxide hemoglobin forms similar crystals, 
and in solution has an absorption spectrum re* 
•embling those of the two preceding substances. 
These three compounds are isomorpbous, one 
molecule of each gas being replaceable by one of 
aither of the other two, and is presumably linked 
with one molecule of hemoglobin. Compounds 
of hemoglobin with acetylene and ^ith hydro¬ 
cyanic acid have been also descried (Hoppe- 
Seyler, Med, Chem. Untera. 2, 207). 

Kethemoglobia. This is occasionally found 
in the body; e.p.m sanguineous elusions and in 
the urine. Our chief knowledge of it is, How¬ 
ever, obtained from preparations of it from 
hemoglobin made artificially. By simply allow¬ 
ing blood to stand for some days it turns acid, 
and of a brownish tint, and its hemoglobin is 
found to be wholly or partially transformed into 
methemoglobin. It may also be obtained by 
adding oxidising agents to blood, or to solutions 
of oxyhemoglobin or hemoglobin, e.g. potassium 
permanganate, potassium ferricyanide, nitrites, 
&c. (for a list of such substances v, O. Hayem, 
Compt. Bend. 102, 698). On the eubseiiuont 
addition of reducing agents, firstoxyhemoglobin 
and then hemoglobin is again foimed. This is 
seen best by spectroscopic examination. The 
reduction, however, cannot be eSected by simple 
mechanical means like a vacuum or a stream of 
hydrogen. The typical band of methemcglobin 
is situated in the red between the c and n lines, 
rather nearer to the former (see spectrum, 5); in 
a dilute solution three other bands are seen (&ee 
spectrum, 6). Methiemoglobm may also be ob¬ 
tained in a crystalline form (guinea-pig, tetra- 
hedra; rat, squirrel, h<^se occasionally, hexa¬ 
gonal; in most ot^r animals, rhombic). A 
ready method of obtaining these crystals for 
microscopic exa&ination is by shaking a few 
drops ^f amyl nitrite with a few c.o. of defibrin- 
ated blood, and then on mounting on a slide a 
dr(q> of the mahogany-coloured mixture that 
results, crystals appear in a few minutes (HalU- 
burton, Quart. J. of Mic, Sci. 1887,201). Other 
methods consist ii^adding a nitrite and alcohol, 
and freezing (Gamgee, Phil. Trans. 1868, 589, 
where they are described, however, as a com¬ 
pound of hssmoglobin with nitrous acid), or ferri- 
oyanide of potassium may be used instead (Hiif- 
ner, Z^. Physiol. Chem. 8, 866). Sorby con¬ 
sidered methssmoglobin as a peroinhaDmoglobin 
{Quart. /. Mie Sci. 1^70, 400). Hoppe-Seyler 
on the contrary believed that it was a suboxyhae- 
mogbbtn, intermediate between oxyhemoglobin 
and hemoglobin, but that the oxygen was more 
firmly combined than it is in oxyhemoglobin; 
he tound by removing some of %ie oxygen from 
oxyhemoglobin by means of an air-pump, or by 
nascent hydrogen, that methemoglobin was 
formed (Zeit. Physiol. Chem. 2, 150). Hfifner 
and Efua (tbuf. voL vii.}, having been able to 
obtain pure crystallised methemoglobin, have 
found that the oxygen in both that compound 


and in oxyhemoglobin are equal in amount bat 
combined more feebly in the latter. 

Para?kemogbbin.~ This was described by 
Kenoki and Sieber ^rch. Exper. Path. u. 
Pkasrmakol. 10, 881; Asr. 18, 2126) as a special 
compound; but is regarded by Hoppe-Seyler 
{Zeit. Physiol. Chem. 10, 831) as a coagulation 
product brought about by the action of ^cobol 

Dxrivxtivss or H^uoanosiN. 

Hematin (C„H,4NgFe,0„) is the brown pig¬ 
ment obtained by the action of acids or alkalis on 
hemoglobin in the presence of oxygen. This 
decomposition occurs more readily in the hemo¬ 
globin of some animals (dog, man, <S:c.) than in 
others (berbivora)*' (Eriiger, Zeit. Biol. 24, 
818). It may be obtained by adding acetic acid 
to blood, and then extracting the hematin with 
ether. Mac-Munn recommends the following 
method: blood clot is extracted with rectified 
sjffirit containing sulphuric acid (1 in 17); the 
extract is filtered and agitated with chloroform, 
which assumes a reddish-brown colour and is 
separated^ filtered, and washed with water to 
remove the acid. On evaporating the chloroform 
the hematin is obtained as a bluish-black powder 
{J. Physiol. 6, 22). Hoppe-Seyler obtains hapina- 
tin from hs>min, which is first dissolved in solu¬ 
tion of potassium hydrate, and the hwmatin ppd. 
by hydrochloric acid {Med. Chem. Unters.i,5'23). 
Hsmatin dissolved in an acid solution shows 
four absorption bands (4 banded hicmatin or 
Hematoin); first, one between the c and n lines, 
this is the most distinct and is nearer to the o 
line than the corresponding band of motbsmo- 
globin; secondly, a faint narrow band close to 
t >; thirdly, two much broader bands, onedietwecn 
D and E and another between e and v (see spec¬ 
trum, 7). When hematin is dissolved in an aika* 

I line solution (alkaline haematin) one band only 
is seen, viz. a faint shading on the red side of 
the D line (aee spectrum, 8). There is, however, 
a large absorption of ^he violet end of the spec¬ 
trum. On ^ding reducing agente to alkaline 
hcDmatin, the bands of reduced hematin (hemo- 
chromogen) are seen. 

Hematin is insol. water, ether, alcohol, and 
dilute acids; v. sol. solutions of caustic alkalis, 
and hot alcohol holding sulphuric acid in so¬ 
lution. It can be heated to 180*^ without under* 
going decomposition; at a temperature above 
this it burns and evolves hydrocyanic acid, and 
leaves an ash of oxide of iron amounting to 12*6 
p.c. 

Henftjchromogea (0„H„N^FeOj). When 
hemoglobin is decomposed in the absence of 
oxygen, instead of hematin, a substanoe of a 
purple colour called hetnoohromogen is pro¬ 
duced, which is converted into hematin in con¬ 
tact with oxygen. A solution of oxyhemoglobin 
is freed from^ oxygen by a stream of hydrogen, 
and then mixed with an alcoholic solution of 
sulphuric acid or caustic potash (Hoppe-Seyler, 
Chem. XJnters. 4, 528, 877; Zeit. physiol. 
Chem. 1,138). This substance is identical with 
the reduced hematin of Stokes, obtained by 
adding a reducing agent like ammonium sulphide 
to alkaline hematin in the presence of protefds 
(Jaderholm, Maly*s Jahrb. 6, 85; Linossier, 
C. B. 104,1296). Hemoobromogen shows two 
absoiption bands, one midway between the 9 
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1 Hn«i, and the other ocotipying the apace 
between ■ and b (aee spectrnm, 9). !bi testing 
tor blood where the haamoglobin has ondergone 
decomposition, as in ol^tains, tbe most readily 
obtained spectrum is tl&t of hamochromogen. 
The stmned fabric is extracted with a little 
eanstio alkali, and ammonium sulphide or hypOi 
sulphite of soda added; the two bands of hsemO' 


immediately below n, and arfother nearly inter¬ 
media^ between n and s (see spectrum, 10). The 
alkahne solution has four bands: one between o 
and n, two between d and s, and a fonrth, which 
extends through | of the space between b and 
9 (see spectrum, 11). A. second iron-free deriva¬ 
tive has been obtained from hiematin by Hoppe- 
Seyler; he calls it hcBmatoUn it 



1. Solar spectrum. ... 

9. SpectmiQ of oxybsmo^Iobin (0‘87 p.o. solutioa). First bud, A 589-S64; seoood bama, S5S>Su« 

8. Saeotrum of btemoglobiD. Band, A SST'-ASS. 

4 . Speotram of 00 bemoglobin. First bund, A S8S-ft64; second band, H7'-6S1. 

5. Spectrum of motb®mog!obln (concentrated solution). _ ^ ....... 

6. Spectrum of methsemoglobln (dilute solution). First band, A 647-622; second band, A 487-571; tolrd oaL-,— 

082; fourth band, A 614-420. e W 

7. Spectrum of nold haamatin (etherealsolution). First band,A 658-616; second band, A 627-677; third band,A667-> 

628; fourth band, A 617-488. a 

8. Spectrum of alkaline hematin. Band from A e3<^62. • 

9. Bpeotmm of haemoohromogen (reduced haematiu). First band, A 682-642; second band, A 636-604. 

10. Spectrum of acid tuematoporphyrin. First baud, A 607-523; second band, A 685-636. . 

11. Speotnim of alkaline hssmatoporphyrln. First band, A 633-ei2; second baud, A 682-664; third band, A 648-629 ; 

fonrth band, A 618-488. _ 

The ateva measurements (after ]fa<^UDD) are In imlllontba of a millimetre. The Hqnid was examined in a iayer 
one centimetre The edges of iU-uefiued bauds vary a good deal with tbe oonceutratWo of th^solution. 


ohromogen or is weak solutiosB the better marked 
band (that between s and ^ then appear. 

Heematoporphyrln (O^nH^NgO,,). This pk- 
ment is obtained by adding blood or pure hffima- 
tin to cono. sulphurio or hydiochlorio acid; the 
action of the acid is to remove the whole of tbe 
iron in the eondition of a ferrous salt. It can 
be ppd. by adding water to this compound. The 
pp. is soluble in water and in alkaline leys. The 
acid solution exhibits spectroscopically one band 


is nearly insoluble in sulphurio acid and caus¬ 
tic alkalis. Various derivatives of hematopor- 
pbyrin (hamatonorphyroidin, isobfematoporphy- 
rin, <fco.) are described by Nobel (C. 0. 1387, 
mss). Hmmatoporphyrin Occurs as a natural 
pigment in many invertebratjps; e.g. in the dorsal 
streak of the earth-worm. It is probably derivea 
here not from hcemoglobin, but from histo- 
hmmatins which occur in these animals, and 
which yield many of the decomposition praduok 
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of hsmoglcbiii (MaoMuim, J. Physiol 8, 884). 
A denvative called aro-hsmatoporphyiin may 
oooor in morbid haman urine (MaoMunn, J. 
PAywol. 10, 71). 

Hamin. Hydrochlorids of Mcsmaiin. This 
is obtained for miorosoopioal examination by 
boiling blood with glacied aoetio acid andaorys-^ 
tal of sodinm chloride (fresh blood contains, 
however, sufficient sodium chloride) on a slide; 
on cooling, rhombic crystals of a dark>brown 
colour separate (Teiohmann); this is one of the 
best tests for blood. It has I^en prepared on a 
large scale by Hoppe*Seyler, who ascribes to it | 
the formula 0,sH,oHaFe,0,o2HCl. cSimilar crys¬ 
talline compounds are obtainable in which hy- 
drobromic and hydriodio acids respectively take 
the place of HCl in the above formula (V. D. 
Harris, Brit. Med. J. 1886, 2, 103). Nencki a. 
Bieber {Ber, 17, 2267; 18, 392; Monatschr. 9, 
115; Arch. f. exp. Path, und Pha/rmak. 24) 
ascribe to hasmatin the formula C,2Ha;>N^Pe04; 
and say hesmin crystals are composed of the 
hydrochloride of its anhydride CajHsoN^FeOa.HCl. 
Their formula for hamatoporphyrin is 
Of this they describe an anhydride and a crystal¬ 
line hydrochloride. It is isomeric with bilirubin. 

Cyan-hsematin. A compound with this name 
is said to be formed when potassium cyanide is 
added to an ammoniacal solution of pure hseina. 
tin. It exhibits spectroscopically one band ex¬ 
tending from o and s, and split into two by re¬ 
ducing ^ents. ^ I 

Nitric oxide Hamatin. —This is produced | 
by passing nitric oxide into an alcoholic solution ; 
of hamatiif. Its absorption bands resemble 
those of oxybeemoglobin (Linossier, C. B. 104, 
1296). 

AAmatoidin. Everard Home (A Short Tract 
on the Formation of TumourSy London, 1830) 
first described certain microscopic crystals in 
old extravasations of blood; e.g. in apoplectic 
clots; to these Virdiow ( Virch. Archiv, 1, 383) 
gave the name hsraatoidin, and recognised that 
they were derived f^oih the colouring matter of 
the blood. The same substance occurs some¬ 
times in an amorphous condition. The crystals 
have also been found in the urine [v. Heckling- 
hausen, Landois). The crystals are identical in 
form with those of bilirubin, the chief colouring 
matter of human bUe, and give Gmelin’s colour 
reaction with fuming nitric acid. It has the 
same formula Neither htematoidin 

nor bilirubin snow spectroscopic bands, but 
absorb the violet end of the specticm powerfully. 
Although Holm {J. pr. 109; 142) and Preyer {Die 
BluthrystalU, 187) deny the identity of the two 
substances, Salkowski {Med. Chem. Unters. 3, 
436) and &e majority of physiological chemists 
are, however, now (vf the opinion that the two 
are identical. Holm and Preyer probably mis¬ 
took the lipochrome (lutein) of the cow’s ovary 
for h£ematoidin (Thudichum, Proc. B. 8. 17, 
256). 

Other animal pigments. (Bilirubin and thoi 
otner colouring natters of the bile, steroobiHn, 
the pigment of the feeces, certain urinary pig¬ 
ments, melanin, fihe black pigment of the skin, 
retina, and of melanotic sarcomata, are all pro* 
bably derived from hemoglobin. The allied pig*^ 
menta myo-hematin and the hieto-hematins 
Trill be described under Mcbolb. W.B. H. 


' EALO0EN XLEllSlNTS. The four eleffienti 
F, 01, Br, and I are classed together under tb 
name halogens, or s^t-formers. The name we 
given by Berzelius ^ehrbuch, 1, 268 [5th ed.; 
to those non-oxygenalbd radicles, simple or con 
pound, which combine with metals to form salti 
Berzelius regarded all salts as formed by tb 
union of a positive and a negative radicle. H 
applied the name salt-former to the negativ 
radicles, more especially to those which do nc 
contain oxygen, and yet more particularly to th 
simple radicles F, Ol, Br, I, and the oompoun 
radicle (lyanogen. The nomenclature has bee: 
maintained as^regards the elements F, Ol, B) 
aad I. The binary compounds of these element 
are usually called haloid salU. This name wa 
also introduced by Lewelius; he used it to dis 
tinguieh salts formed by the union of metal 
with F, 01, Br, I, or ON from salts formed by th^ 
union of two radicles, each of which oontainoi 
a common element, e.g. oxygon-s^ts, sulphor 
salts, selenion-salts, <!bc. 

The halogens are found in combination ver; 
widely distributed. Metallic chlorides are verj 
numerous; bromides, iodides, and fiuorides occu; 
in smaller quantities. The elements themselvei 
are scarcely'found in the free state in nature 
iodine is said to exist in minute quantities in set 
water. Fluorides of all elements are knowi 
except Br, C, Ol, N, 0, and some ten or twelv< 
metals (mostly rare metals which have not beer 
^thoroughly examined); chlorides of all element 
except F have been isolated; bromides of almosl 
all elements except F and 0 are known; and 
iodides of all, or almost all, elements except I 
have been obtained. « 

The compounds of the halogen elements 
show resemblances both in composition and pro¬ 
perties. If X = F, 01, Br, or 1, the chief metallic 
halogen compounds may be grouped under the 
forms. 

(1) MX; M== alkali metal, Ag, Cu, or Au; 
also Hg and Tl. 

(2) MXj; M = Bo, Mg, Ca, Zn, Sr,, Od, Ba, 
Hg; also Cu; In; Sn, Pb; Fe, Ni, Go; the Pt 
metals. 

(3) MX,; M>«A1, Qa, In, Tl; As, 6b, Bi; 
Fe, Or. 

(4) MX4; M = Ti, Ge, Zr, Sn, Ce, Pb, Th, Mo, 
U; the Pt metals. 

(6) MX,; M=Nb, Sb, Di, Ta; Mo, W. 

(6) MX,; M-W. 

Tne non-metallic halogen-compounds for (he 
most part belong to the following formas— 

*(i.) MX; M»H. 
hi.) MX,; M=»B,0,Se,T6. 

(iii.) MX,; M-B,N,P. As. 

(iv.) MX.; M«C,Si,T0. 

(V.) MX^, M = P. 

The regemblanoes in the composition of the 
halogen-compounds are farther brought out by 
the formule of oxyacids. These oxyacids for 
the most part belong to the four classes HXO, 
HXO„ HXO„ HXO4 1 but no oxyacid of F has 
yet been isolated. 

The halogens are all strongly electronegative; 
none of them replaces the by&ogen of acids to 
form salts. They combine directly with very 
many elements, and much heat is usually pro¬ 
duct in the process. F is especially enerMtic 
III ita raftAtinns • it raafitfl with 
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(ffonised 0 and HF, vhereas 0 only reacts 
rapidly with water at a red heat, and the reao- 
tions of Br and I with water at high tempera* 
turea are very slow. f 

A oomparisoQ of theftinary eomponnds of 
tile halogens with H, and of the ternary com¬ 
pounds withH and 0. brings out the resemblances 
and differences between ^e four elements. The ^ 
compounds HX are all gases at ordinary tem¬ 
peratures ; the formula HX eipresses the com¬ 
position of the molecules of each, but at low 
temperatures the VJ). of hydrogeit fluoride is 
greater than that calculated from tha formula 
EF. According to Thorpe and Hambly (C. S. 
Tram* 1888. 765; 1889. 163j^ there is no proof 
of the separate existence throughout any con¬ 
siderable temperature-mt^rval of molecules 
heavier than thore whlse composil^n is ex¬ 
pressed by the formula HF. Aqueous solutions 
of HX all contain acids; whether the acidic re¬ 
actions of these solutions are the reactions df 
HX, or of a compound or compounds, HX.nEljO, 

(? HgX.OH), cannot be regarded as yet finally 
determined (v. vol. i. p. 6.34; ii. p.*8). The 
readiness with which stable acid fluorides, e.g. 
KF.HF, BiF,.3HF, are formed, whereas corre¬ 
sponding chlorides, bromides, and iodides are 
few in number and unstable, points to the prob¬ 
able existence of as the chemically reacting 
unit of hydrofluoric acid. The formation of 
these stable acid fluorides, and also of such 
definite acids as SiF,.2HP (=.HjSiFJ,BF,.HF 
(«HBF,), SnP<.2HF (-HjSnFj), differentiate 
F from Cl, Br, and I. But it is to be noted that 
HCl, HBr, and HI combine with chlorides, bro¬ 
mides, and iodides of Hg, Au, and Ft, to form 
compounds which react as definite acids, t,g, 
H^gCl,, H.;HgL, H^tBr,, HAuBr,. The heat 
of neutralisation of HFAq is 18 to 19 p.o. greater 
than that of the other acids, HXAq; on the 
other hand, the relative affinity of HFAq is very 
small, while HCIAq, HBrAq, and HIdq are very 
strong acids (c/. Affinity* vol. i. p. 76). , 

Acqprding to the electrolytio dissociation- 
hypothesis of chemical change in solution (v. 
Phtsicai. methods), the small affinity of HFAq 
indicates that in solution only a few molecules 
HF (or ? HjF,) are dissociated into their ions; 
whereas moat of the molecules HCl, HBr, and 
HI we dissociated in aqueous solutions of these 
compounds. If this is so, it is probable that 
the affinity of F for H is much greater than 
that of either Cl, Br, or I for H. The stability 
of the fluorides generally, and especjally the 
stability of some non-metallio fluorides contain¬ 
ing relatively much F, compared with the Rela¬ 
tively unstable character of oorpsponding chlor¬ 
ides, bromides, and iodides, points to the affinity 
of F for metals and non-metal| generally, %.s 
being greater than that of any of the other three 
halogen elements; e.g. compare IWj with POlj, 
or BiF, wi^ Bids- . . ..... 

Br decomposes most iodides with liberation 
of 1; 01 decomposes both bromides and iodides 
with liberation of Bror I respectively; the r8- 
aotions of F with chlorides, bromides, and 
iodides have not been yet examined. 

The atoms of the halogens are monovalent 
in gaseous molecules. The gaseous molecules 
of Cl, Br, and I are diatomic; but the vapoua. 
densities of bromine and iodine indicate the | 


gradual dissociation of the di^mio moleculea 
Br, and I, into the monatomio molecules Br 
and I aft temperature increases. In the case of 
iodine dissociation is almost complete at about 
IdOO**, but the lowest S.G. obtained for bromine 
(at 0.1570**) agrees approximately with that cal¬ 
culated for §Br,. The results obtained with 
chlorine at c.^500° indicate only a very slight 
dissociation of the diatomic molecule Cl^ Ex¬ 
periments in this direction have not yet been 
made with fluorine. (For details v. Bbomine, 
vol. i. p. 636; Chlorine, vol. ii. p. 11; and 
Iodine.) I dissolves in ether and some other 
solvents to form red solutions, and in OS,, dro., 
to form violet solutions; Loeb’s results {O. 8* 
Trans. 1888^ 805) indicate that the molecule of 
I in the red solutions is probably and that in 
the violet solutions the molecule is less complex 
than this; the values obtained were between 1, 
and Ij. 

I^e halogens show a gradation of prominent 
physical properties: F is a colourless gas, 01 is 
a yellowish-green gas easil}[ condensed to a 
liquid, Br is a dark-red liquid with low BJP., 
and I is a lustrous greyish-violet solid. 

None of the halogens combines directly with 
0- In their compounds with 0 and with 0 and 
H the halogens show considerable differences. 
No oxide of P or Br has yet been isolated; the 
oxides of Cl which certainly exist are 01,0 and 
CIO,; only one oxide of I, viz. 1,0,, has been 
certainly isolated. The oxides of Cl are very 
unstable explosive gases; 1,0, is a stable well- 
defined solid. C1,0 is the anhydride of hypo- 
ohlorous acid HCiO; CIO, reacts^with water to 
form both chlorous and chlorio acids HCIO, and 
HOlO,; IjO, is the anhydride of iodic acid HIO,. 

1 he oxyaoids of Cl are HCIO, HCIO,, HCIO,, 
and HCIO,; only the last has been obtained apart 
from water, the others are known in aqueous 
solutions only. The oxyacids of Br are HBrO 
and HBrO,; neither is known otherwise than 
in aqueous solution. The oxyacids of 1 are 
HIO, and HjIO,; both have been isolated as 
solids. No oxyacid of F has yet been obtained. 
Solutions of the two acids HCIO and HBrO are 


obtained by similar processes,•viz. by reactions 
between HgO and ClAq or BrAq; •when 
Ba(C10,)„ Ba(Br03), or Ba(IO,), is decomposed 
by the proper quantity of dilute HgSO^Aq, a 
solution of the corresponding acid, HCiO,, 
HBrO,, or HIO,, is obtained. Salts of these 
acids are also obtained Igr^ii^sing chlorides, 
bromides, or iodides; the conrntions differ some¬ 
what in each case (v. vol. i. p. 537; ii. p. 16; and 
Iodine, oxyacids of, in vol. iii.). The following 
thermal data regarding the formation of 
hydracids and oxyacids of the halogens are 
taken from Thomsen:— 

M=Br Msl 
rH,Ml •• . 22,000 8,R40. -6,040 

[H,M,Aq]. . 39,316 28,380 18,170 

[H,M,0,Aq] . 29,930 26,080 — 

[H,M,0*,Aq] . 23,940 12,420 66,800 

Thomsen also gives these data 
• [M^O,Aq] . -8,490,-16,200 -» 

CHMAq,0>] .-16,380 -16,960 42,630 

These numbers connect the* differences between 
the relative stabilities of the acids of 0, Br, and I, 
with differences between the quantities of energy 
degraded in theix formations from their elements. 
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from. Thom^*i thermal valaes we might 
lairly expect mO| to be a more stable aoid than 
H010,or HBrO,; we might also expedt HZO,Aq 
to be more readilj produced by oximing Hikq, 
than fiCiOfAq or HBrOr&q from a solution of 
the oorreBponmng hjdraoid; and we m^ht also 
expeot HI or HIAq to be more unstable than 
the oorresponding compounds qt 01 or Br. 

Ohlorine water is an oxidising agent; but 
the oxidising action of bromine water is very 
small. Thomsen’s thermal measurements con* 
neot these facts with eneigy^hanges; he gives 
the following corutants of wndation 

(i) 2[H,01,AqJ-tH^0]-10,270 
(li) 2[H.Br^q3-[HSO]- -11,600. 
fl) represents the heat produoed^when ohlorine 
aecomposes water with formation of HOlAq and 
O; (ii) represents the heat which disappears in 
the corresponding reaction of Br with water. 

The heats of formation of ClgO and LO^ are 
very different: [Cl^O] - -17,930; [P,0»3 «* 46,030 
(Thomsen), If we compare the heats of forma¬ 
tion of the oxyaoids of Cl and Br with the heats 
of formation of the oxyacids of I, we see that 
the quantity of heat produced in the cases of Cl 
and Br decreases as the quantity of 0 increases, 
bnt increases in the case of I as the quantity of 
0 increases (v. supra). The heat of formation of 
periodio acid HjIO« is very much greater than 
that of any other oxyacid of I; Thomsen gives 
(;HM,0*,Aq] = 184.400, and [HIAq.O*]» 34,610. 

Chlorine and iodine are the only halogens 
which form oxyacids higher than HMO,; per- 
ehlorio acid is HCIO^, but the only periodic acid 
which has bfen isolated is HJO,. The compo¬ 
sition of these two acids marks a point of differ¬ 
ence between Cl and I. A great many periodates 
are known which have few if any analogues 
amoi^ the salts of 01 oxyacids. The periodates 
may be arranged in four classes : 
mtta-periodates, e.g. EIO^, derived from the 
hypothetical acid HIOi ( = HjIO,—2HjO); 
mosO'periodaUs, e.g. derived from the 

hypothetical acid PjIO. H,0); 

para-periodatest €.g43a)(IOj}, derived from the 
acid 

di-periodates, e^g. KJ,0„ derived from the hypo- 
<heticalacid HJA (-2HjI0,-3H,0). 

(For details w. Penodat^, under Iodink, oxt< 
ACTDS or.) 

The oxyacid of Cl and Br are all mono¬ 
basic ; bnt periodio acid HjIO, is pentabasio, 
and iodic acid 5?^, or HgIjO, is probably di* 
^io (f. loDonE, oxTACtDS or). 

The affinities of the hyd^acids of Cl, Br, and 
I are approximately equal; the affinity of ^Aq 
is very small, less than ^^th of that of HClAq. 
^e affinities of the oxyacids of the halogens, 
except that of HC10,Aq, have s<ft yet been de¬ 
termined ; HClOjAq'^ nearly as strong an acid 
as HClAq. The data for oompariag the increase 
in thfi affinity of an aoid when H is substitnted 
by F, Cl, Br, and I respectively are as yet very 
meagre; from the measurements which have 
been mi^e the sobstitntion of til seems to raise 

mfinity a little more than substitution of £r 
or F. „ 

In the classification of the elements on the 
basis of the periodio law (v, vol. I. p. 861; also 
OxAssmcATioN, vol. ii. p. 208) the halogens are 
placed ka Qxonp VIL, 01, Br, and I in odd series. 


{B, 5, and 7), and F in an even saridi (2 
Group VII. uso contains Mn. The analogic 
between Mn and the halogens are bqt feebl, 
marked. Physical^Mn is a metal; ohemioall; 
it is both metsdlio Ad non-metallio. The per 
mangana^s M^MnO|are generally isomorphou 
with the perchlorates, and with some of thi 
meta-periodates. There are many gaps ii 
Group VIL; at least four elements belonging 
to even series, and two belonging to odd series 
have yet to be discovered. The position of Mn 
following a series of metfdlio elements, and fob 
lowed by the metals Fe, Ni, and Co, would lead 
us to expeot pronounced metallic properties in 
this element. * Z,<poking generally at the varia¬ 
tions of properties in groups and series, we 
should expect the £n|^!ogy between Cl, which is 
the first 'member of tl>d odd «eries of Group VIL, 
and Mn, which belongs to the even series, to be 
but feebly marked; we should also expect to find 
the resemblances between the oth4r even-series 
members of the group (when they are discovered) 
to be less distinctly marked than is the case in 
the lower groups, and we should expect to find 
all the odd-series members (Cl, Br„ I, and two 
elements yet to be discovered) to resemble one 
another fairly closely. 

For details about the individual halogens v. 
BnouiNE, CuLORiME, FLUORiNii;, and Iooine. 

M. M. P. M. 

HALOaENS, BINABY COMPOUNDS OF 
TEE. The four halogen elements form nume- 
'rous binary compounds both with metals and 
non-metals. The compositions of the chief com¬ 
pounds in question are represented by general 
formula in the preceding article. Metallic 
fluorides, chlorides, bromides, and iodides may 
generally be prepared by dissolving metals or 
their oxides or carbonates in solutions of HF, 
HCl, HBr, or HI, and evaporating; many are 
also formed by the direct union of the elements; 
some are'produced by reactions between metallic 
oxides or hydroxides and Cl, Br, or I (probably 
a similar reaction will be found to o^ur with 
F). Metallic fiuorides are not decomposed by 
beat alone; many of them are unchanged even 
when heated with carbon or oxygen; a few me¬ 
tallic chlorides are decomposed by heat alone to 
metal and 01, e,g. PdCl,; some are reduced by 
heat to lower chlorides, e.g. CuGl« to CnCl: but 
the majority are volatilisable without decompo¬ 
sition ; metallic bromides and iodides as a class 
resemble chlorides in their behaviour towards 
heat; ^any chlorides, bromides, and iodides are 
decomposed with formation of oxy-haloid com- 
podnds or of oxides by strongly heating in moist 
air or oxygen. As a olpss, metallic chlorides, 
bromides, and iodides are soluble in water; some 
tore decomposed to oxy-haloid salts; on the 
whole theiodi^s are less readily decomposed by 
water than the chlorides or bromides; metallic 
fluorides are generally insoluble in water; they 
are distinctly more stable towuds water than the 
other haloid salts. Metallic fluorides very readily 
combine with HF to form aoid salts, which are 
generelly decomposed by heat with formation of 
the normal salt and HF. A few chlorides, bro¬ 
mides, and iodides combine with HCl, HBr, and 
HI respectively; bnt suoh acid chlorides are oom- 
•^paratively few in number, and are much less 
stable thun Ih* 
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ao&-m«ta^o Halogen binary oompounda 
$M ft olaes ate gasi£able; some, however, are de- 
eompoeed by heat, e.g, ohlorides and bromides 
of 81 generally speaking tl^ fluorides are more 
stable than the correspond jig compounds ol the 
other halogens. Most non>aetallio chlorides and 
bromides are decomposed oy water with forma* 
lion of haloid acid and an oxyacid of the non* 
metal; in this respect iodides are more stable 
than ohlorides and bromides, and fluorides are 
more stable than iodides. 

Chlorine forms binary compounds with all 
non'metals except F; bromine with *al^ except 
F, 0. and perhaps N; iodine with all except B; 
and fluorine wim all except Br. O, G, 0, and N. 
The binary compounds of th^halogens with H 
are acids, HCl, HBr, and HI are strong acids, 
bat HF has a very smaliamnity. Tlse binary 
compounds which the halogens form by com* 
bining one with another are not numerous; the 
chief are IFjf ICl, ICI3, IBr, BrOl; the only one 
of these which has been gasified without decom¬ 
position is IGl. M. M. P. M. 

HALOID SALTS. Binary compounds of the 
halogens F, Cl, Br, I, with metals. * 

HAUATHIOKIG ACID C|,^,hSO,„. An acid 
produced by the action of qp euxanthic 

acid (Erdmann, A. 60,240). Syrup; de^mposed 
by boiling water.—PbjCijHijSO,,. 

HABMALINE 0,sH„N,0. Harmine du 
hydride, [c. 238®}. Occurs, together with harm¬ 
ine, in the seeds of Pcrganum Jiarmala, a plant 
growing in Southern Kussia. These alkaloids 
make up 4 p.c. of the seeds, and are found in 
the seed coating, not in the kernel (GObel, A. 
38, 363; Vritzsche, A. 64,360; 68, 361, 355; 
72, 306; 88, 327). Occur probably in the form 
of phosphates. 

Preparation.—The seeds are extracted with 
dilute HOAc or H^SO,, and the brown extract 
mixed with NaCl. The hydrochlorides of the 
bases are ppd. together with colouring' matter; 
the pp. is washed with brifie, and then treated 
with pur§ water, which dissolves the hydrOthlor- 
ides of the bases. The solution is treated Nvith 
animal charcoal and the filtrate heated to 60® 
and mixed with ammonia. Harmine comes down 
first in minute needles, on further addition of 
ammonia harmaline is ppd. in minute scales. 

Frop&rties ,—Trimetrio octahedra (from al¬ 
cohol) ; 1:1*804:1*415. SI. sol. water and 

ether, m. sol. cold alcohol, v. sol. boiling alcohol. 
On oxidation with HNOs it forms harmine. 
Harmine is also formed when the acid chrom¬ 
ate of harmaline is heated to 120®. By heatihg 
with HCl it is converted into harmalol. 

Salts.—The salts df harmaline are yellow 
and exhibit strong fluorescence.-^B'HCl 2aq :« 
long yellow prismatic needles; m. sol. water and 
alcohol.—B'jH^tClj: yellow pp.—l^jH-^Cr^O,: 
::rystalliDe.—Acetate is crystalline.-—BHOy: 
Irom harmaline hydrochloride and KCy. Formed 
also by dissolving harmaline in boiling dilute 
HCy. Thin tables (from alcohol). By heating 
'x> 160® or by boiling with water or alcohol it is 
*esolved into harmaline and HCy. It combines 
vith acids; thus HOI forms B'HCyHCl, a ciys- 
«lline powder oomposed of small oot^edra. 

MethyloUodideh'id^ [860®](O.Fiuh8r 
u Tauber, B, 18, 400). 


Hltrp.harmaUne C„H.,(NOiN,a (120®]. 
Chrysoharmine. Form^ by suspending narm- 
aline (l|ft.) in alcohol (Tpts. of 80 p.o.) adding 
cone. H2S04(2pts.) and, when the solution is 
complete, moderately concentrated nitric acid 
(2 pts.); the mixture is heated to 100°, and when 
the reaction is over it is cooled quickly. The 
Kquid then deposits the solpbate of nitro-har- 
maline, which iS washed wi^ alcohol contain¬ 
ing H2SO4, dissolved in water, and treated with 
EOH. It may be further purified by sulphurous- 
acid with which, unlike harmaline and harm¬ 
ine, it forms a sparingly soluble salt. Orange 
powder, oomposed of minute prisms (by ppn.); 
larger crystals are deposited from the alcoholic 
solution. SL sol. cold water, to which, however, 
it imparts a yellow colour; m. sol. boiling water; 
si. sol. cold etheis More soluble in alcohol than 
iiormine or harmaline. It expels NH, when 
heated with ammonium salts. 

SaHs.—B'HCl: small yellow prisms. — 
B'jHjPtCl,: yellow pp., which ultimately 
assumes the form of minute prisms.—Nitrate: 
yellow needles; si. sol. dilute HNO,. — 
C,,H,^g(NO^)NjO aq : yellowish-red flocculent 
pp., obtamed by adding ammoniacal silver ni¬ 
trate to a solution of nitro-harmaline nitrate.— 
Normal sulphate: crystalline pp.—B'HjSO,: 
pale-yellow crystalline powder, nearly insol. 
cold water.—B'HCy: obtained by dissolving 
nitro-harmaline in hot aloobolio HCy. Slender 
yellow needles. Besolved by boiling water into 
HCy and nitro-harmaline. 

Harmine C^HjaN.^O. [257®]. Occurs in the 
seeds of Perganum harmala (v. supra). Formed 
also by the oxidation of harmaline % a mixture 
of equal parts of alcohol and HClAq to which 
a little nitric acid has been added; the liquid 
is boiled, and on cooling harmine hydrochloride 
crystallises out in slender needles. The solution 
of this salt decomposed by NH, yields the base. 

Properties. — Long colourless monoclinio 
prisms (from alcohol); nearly insol. water, less 
soluble in alcohol than' harmaline, v. si. sol. 
ether. Expels ammonia irc^ boiling solutions 
of its salts. By heating with fuming HGlAqat 
140®, barmol and MeCl are fon^d (Fischer a. 
Tauber, B. 18, 400). CrO, oxidises it to harm- 
inio acid. 

Salta.—Colourless; but in solution they 
exhibit indigo-blue fluorescence.—B'HCl 2aq: 
needles, sol. water and alcohol, v. si. sol. HClAq. 
—B'HCl (from^alcohol).—B'^i^tClj: flocculent 
pp., becoming* crystalline i^en the liquid is 
heated.—B'jH^SO, 2aq: concentrically grouped 
needles.—B'H^O, (flom alcohol).—B'aHjOrjO,. 
—B'HaOjO, aq: radiating nqcdlea. 

Methylo-iodide B'lSel. [0. 298®]. Long 
white needles a. T.). 

Di'Ohloro-hannine CitBioCIjN,^. Formed 
by heating a solution of harmine hydrochloride 
(2 pts.) in water (100 pts.) to boiling and adding 
cone. HClAq (15 pts.), followed by KCIO;, in 
small quantities until the brownish-red colour 
which at first appdkrs is changed to pure yeflow; 
ooft cooling, ^.obloro-harmine hydrooblo^e 
separates and is washed with dilate HCI^. 
The salt is reorystallised froz^ alcohol, and da. 
composed by boiling NaOHAq. NeedleB (from 
•alcohol); insol. oola, v. si. soL boiling, water, 

' sol. iJoohol, cther» be&senc, and With 
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Iodise it fonsT t oompoand eowieinlng 48*6 p>e. 
iodise (C^,H,jC]^,OI, requires 47'6p.o.). 

Salts.—The salts ot dj-ohloro-halmms are 
y. si. sol. dilate acids; the normal salts are 
partii^j decomposed by mooh water, di-ohloro- 
barmise separating. Ammonia ppts. the base 
irom its salts as a jelly; NaOHAq also forms a 
platinoss pp, which, nowever^becomes crystdl* 
« long telling with a large excess of 
NaOHAq. B^HCl 2aq: needles (from water); 
separated from its aqueous solution by NaCl us 
subsequently becomes crystalline. 

® changing to needles, by 
addmg HNQ, to a solution of di-ohloro-barmine 
m dilute HNO,. * 

uu C,.H„(NO,)N,p (Fritzsche,A. 

68,328; 92,330). Produced by the action of nitric 
aoid on harmalme or nitro-hatmaline. Prepared 
by dissolving hatmaline(lpt.)in water(2pt3.)and 
the requisite quantity of HOAo, and then adding 
® "btream. 

The liquid is boiled as long as nitrous fumes 
escape, and the nitro harmine then ppd. by KOH. 
Yellow octahedra which soon change to needles 
(from alcohol); si. sol. cold, m. sol. boiling, water, 
si. sol. ether.—Hydrochloride: B'HC12aq: 
slender yellow needles. — Di.iodide B'l,. 
Separates as minute yellowish-brown needles on 
rtdxing the boiling solutions of iodine and nitro- 
hannine in alcohol. In water, alcohol, andether 
it is nearly intel. in the cold, but si. sol. on 
warming. Boiling alcohol resolves it into iodine 
and nitro-harmine; boiling dilute H,SO, acts irf" 
like manner. 

Bromoipitro-barmino C„H,.Br(NO,)N ,0. 
Ppd. by addition of bromine, followed by am- 
moni^ to a dilute solution of a salt of nitro- 
hamune.^ When bromine-water is added to its 
solution in hot dilute alcohol there is deposited 
on cooling minute yellow needles of the di- 
bromide C„H,3r,(N0.,)N,0. 

Ohloro-nitro-harmine 0„H,.Cl(NO,)N,O. : 

Produced by the action of chlorine on nitro- 
bannine or of aqua mgia on harmaline. 

Prqjorotion.-eHarmaline (I pt.) is dissolved 
in water (2 pts.), and the requisite quantity of 
HOAc, and me solution is poured into boiling 
nitric aoid (12 pts. of S.G. 1-40) mixed with 
fuming HClAq (2 ptsA When the reaction is 
over a solution of NH,C1 mixed with lumps of 
ice is poured into the liquid, which is afterwards 
further diluted, and ppd. by NaOHAq. Bright 
yellow brittle ncasa composed of minute needles 
Ppd. from its salts by NH, as a jelly. SI. sol. 
cold, m. sol. boiling watgr and boiling alcohol. 
SI. sol. other. Iodine solution forms slender 1 
needles of C„a.ai(NO,)N,OIj, sol. alcohol. i 
Salts.—B'HCl: slender, hair-like needles, i 
m. sol. water. Ppd. from ita'hqaeous solutioU i 
Iff HCUq.as a J*lly, and by NaOl as white i 
fiocculi.—B ^ i HjP tOl^ ; slendft yellow prisms i 
(from alcohol). i 

Harmine tetrabromide C„H,jN.OBr,. Ob- t 
tained as a reddish-yellow flocculent pp. on t 
adding excess of bromine A a cold solution dl ( 
harmine in dilutb H,SO, (0. Fischer, B . 22, \j38). f 
Eeconverted injo harmine by SOj or by warm c 
aqueous Na,CO,. f 

Harmine tetrahydrid* a„H„Nd}. 

Harmaline dihydride. [199°]. Obtained by ( 
Mducing abotconcentrated solution of harmaline t 


e Ii^lar pointed ^leedles (from ^Stor^It!,' 
s solutions Inoresctoale Wnish-green, becomiig 
- deep.gr6enonaddi«no/FeOi,orAgNO.. S 
> a nitrosamine 4 HuN,0, * 

I Apliarmine C.^ [18S»). Got by distilling 

; harmmic acid (o. mfra) in a partial vacuum ii 
‘ portions of ■5g. at a time (0. Fischer. B 22. 
i 640).—B'HAuOl,: yellow needles.—B'HI aq •’ 

I fan-shaped groups of white needles (from MeOH) 
decomposing at 220“ without melting. " 

Apoharmine tetrahromiae 0,H,NjBr,. A 
lemon-yellowjip. got by adding excess of bromine 
^ solrtion of apoharmine ia dilute 

HjSOi* 

Ap<^armitte Clil^dride r49®l 

(262®). Obtained by reducing apoharmine with 
cone. HlAq and red phosphorus at 160®. Tables 
(from ether-ligroin). Smells of excrement of 
mice. From ether it separates with ether of 
oryst^lisation. Its solution in dilate H,SO 
exhibits violet fluorescence. Its hydrochloride 
ookrars pine-wood deep-orange.—B' HCl; felted 
needles. B"H.,PtClg 2aq; orang» crystals. — 
B"HAnCl, (149°): reddish-brown needles. 

Afttro-iomine C,H,(NO)N.. [135“]. Small 
needles (from hot water). May be sublimed. 

Harmol 0,^,.NjO. [321“). Formed by 

elimin.ation of a methyl group from harmine 
C|,H„N.O, by heating it with fuming HCl at 
140° (O. Fischer a. Tauber, S. 18, 402). Small 
needles. V. e. sol. aqueous alcohol, si. sol. 
absolute alcohol, nearly insol. water. Dissolves 
in acids and in caustic alkalis. The aoid solu¬ 
tions have a violet fluorescence. 

Harminio acid C,.H,N,0,. [345“]. Formed 
by oxidation of harmine in IIOAc with CrO, (0. 
Fisoher a. Tauber, B. 18, 403). Formed in like 
manner from harmaline. Silky needles, si. sol. 
hot water, nearly insol, alcohol, ether,ohloroform, 
and benzene. On,^heating to its melting-point 
it evolves CO„ and yields apoharmine C.H.N, 
which melts at [183“]. * 

Harmaloi C,^jjNjO. Obtained us hydro* 
chloride by heating harmaline (3 g.) with cono. 
HClAq (lOo.c.) at 1.50°, The base may be 
liberated by NaOH. Bed needles, sol. hot water, 
si. sol. benzene, sol. chloroform and acetone. 
Keadily oxidised by air. It crystallises from 
dilote alcohol with 3aq.—B'HCl2aq; orvatals.— 
B'aHPtCl,. 

Acetyl derivative C,jH„Ao-NA Nodules. 

Earmolio acid C,jH,„N.,0.. [247°]. Formed 
by fusing harmol wi th KOH, and ppg. the aqueous 
solution of the melt with H,SO,. Small needles 
(from hot water). The solution of its ammonium 
salt gives amorphous pps.,with salts of Pb, Ou, Ca, 
and Ag. On distilling in a partial vacuum har- 
molio aoU yields a sublimate C„H„N,0 in small 
needles, si. sol. ether, m. sol. alcohol, forming a 
solution that fluoresces violet. This body appears 
to be a phenol and a base. It forms a platino- 
chloride B'jHjPtCl, ciystollising from hot water in 
small prisms united in stars, si. sol. cold water, 
decomposing at about 180° (0. Fisoher. B. 22. 
642). 

HASTIH 0„H„0. Psatyrin. [210“]. 
(260“). A fossil resin resembling hartite. Crys¬ 
tallises irom psttoleom in trioUiflg nee^es. SI. 
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' sol ether and boiling alcohol {Sohrdtter. P. 64. 
%46}. 

HARTITB (0^,0),. [74^. 8.G. 1*06. k 
foeeil resin found in Styria Qbidinger, P. 54, 
261; Bompf, /. pr. 107, 18Sp White trioUnio 
doryetals. V. eol. ether, m. eel alcohol. 

HATCHETIN. 0.86 p.o.f H. 14 p.o. [46®]. 
B.G. ~ '916. A transparent fossil resin found 
H3 the coal measures of Glamorganshire (John¬ 
ston, P. M. 12, 838). SL sol. boiling alcohol, 
m. sol. hot ether. 

HEAT V. Phtbioal methods, section Tber- 
mal. * 

HECBECANE v. Hbxadbcane. 

EEBERIC ACID 0,aH,g0,. A substance 
occurring in the berries and leaves of the ivy' 
(Hedera helix) (Possolt, A 69, 62; Hartsen, 
Ar. PA. April 1876; .'navieaPA. [3] 7, #75; 8, 
205). Needles or delicate 6care8(Po8Belt). Davies 
found it to be uncrystallisable. V. sol. hot alco- 
1ml, V. el. sol. %thor, chloroform, benzene, 
and water. Its solution docs not redden litmus. 
Gone. H2SO4 colours it a splendid violet, the 
colonr lasting some days; on pouring into water 
a flocculent ^^eenisb pp. is formed. According 
to Davies * hcaeric acid * is not an acid. HNO3 
forms a nitro* derivative C,,Hj3(N0A04, v. sol. 
chloroform. Block (Ar. Ph. [SJ 26,9o3)4^nds in 
ivy-leaves a glucoside G,2H}20,4 2aq. 

HELENIN C«H,0. [110®]. Occurs in the 
rootof elecampane (inula Helenium), from which 
it may be extracted with hot alcohol (Gerhardt, 

A. 34,192; 52, 389; GerK 4,296; Kaller, B. 6, 
1506). Needles, nearly insol. water, v. sol. alco¬ 
hol. The crystals lirst obtained from the alco- 
hoi melt at 72°, being a mixture of bclcniu and 
inula-campfior [64°]; the latter is got rid of by 
repeated crystallisation from alcohol. 

HELIANTHIC ACID An acid 

occurring in sunBower seeds (Ludwig a. Krom- 
ayer, Ar. Ph. [2] 99,1, 285). Boiling dilute HCl 
splits it up into a fermentable sugar ani an acid 
violet colouring matter. • 

HELI4NTHIN V. Di-meihyl-amido-henzcne- 
kzo-henzene^sulphorUc acid. 

HEIilCHBTSIN. A yellow pigment con¬ 
tained in the involucral bracts of Uelichrysum 
bracteatuin (BosoU, M. 6, 94). Amorphous 
yellow mass, si. sol. cold, v. sol. boiling, water, 
alcohol,%nd ether. 

HELICIN (0^„0,.0)C4H4CH0. 

Qlucoside of o-oxy-henzoic aldehyde. Mol. w. 
284. [170®] (S.); [174°] (^^); [175®] (M.). 

[a]i,»—60*43 in a 1*4 p.o. aqueous solution at 
20° OVegseheider, B. 18,1600). S. 1*6 at 8°. . 

F<ynnation.—\. By the action of very dilute 
HKOjUpon salicin (C4H„0|.0)0aH4GHj0H(Piria, 
A. Ch. [8] 14, 287; B. 14, 804; Sorokin, J. pr. 
[2] .$7,832).—2. By boiling its benzi^l derivative 
with magnesia (Piria, A. 96, 889).-^. By the 
action of aoetochlorhydrose GiHrClAc^Os on 
otassium salicyllo aldehyde, the substances 
eing mixed in ^oobolie solution and left for 
several days (Michael, Am. 1, 808; C. B. 89, » 
855). 

Preparation. —Pulverised salioin (1 pt.) is 
mixed with nihrio acid (10 pis. of S.0.1*157) and 
the mixture left to itself; after 24 hours the 
•aliein is dissolved and crystals of heliom have 
ssparated. Ihij ars washed with ether* 


[ Properfies.—Very slender, white silky* nee¬ 
dles (containing |aq). Nentral, «jghtly biiter, 
d. sol. Gol^ T. sol. boiling, water, sol. alcohol, 
insol. ethw. At 100® it gives off its water of 
crystallisation. Its solutions are lievorotatoi^. 
Fe01« gives no colouration. Cone. HjSO^ dis- 
solves it with yellow colour. With NaHSO, 
he^in forms a hygroscopic crystalline mass of 
NaHSO, ^chiff, A. 210,126). 

Beaciions.—^l. Under the influence of emul- 
sin or of boBing dilute acids or alhalis, helioin 
is resolved into glucose and o-oxy-benzoic (sali¬ 
cylic) aldehyde.—2. Sodium-amalgam reduces 
helicin to salicin (Lesensko, Z. 1864, 577; cf. 
Swarts, Institu^ 1865, 325).—3. When hot idoo- 
holic solutions of helicin and urea are mixed 
together, and the liquid is allowed to evaporate, 
there is formed a t^ick syrup which, when kept 
over HjfS04, slowly solidifies. Tlie product is 
the di-ureide C,H„0,.O.C„H4.GH(NH.GO.NHj, 
and forms a hygroscopic crystalline powder, v. 
sol. water, forming a solution that is ppd. by 
Hg2(N03).4but not by HNO, (H. Sohiff, 0.12,460). 
4. An alcoholi<r solution of thio-uiea forms 
C4H„03.0.C4H4.CH(NH.CS.NH,),, a very hygro¬ 
scopic crystalline powder (Schiff).—6. Aniline 
forms the anilide CaH„0,.O.C,H4 CH:NPh, a 
yellow powder (containing aq), sol. alcohol and 
ether, insol. water. It is prepared by gently 
heating helicin with aniline, treating the product 
several times with acetic acid to remove excess 
of aniline, dissolving the residue in alcohol, 
adding ether, filtering, and ppg. with water 
(H. Schiff, ^.[2]4,638; A. 154,31). Byheating 
with aniline at 120° it is converted into the di- 
onilide C,5H„N30^. Both anilides ase resolved 
by boiling dilute H^S04 into glucose, helicin, and 
aniline.--6. Tolylene-m^diamine forms in like 
manner (GgH„Oj.O.C8H4.GH:N),G,,H,Me, which 
crystallises in orange-red tufts; its solution 
exhibits marked green fluorescence.—7. By dis¬ 
solving m‘amido-h&nzoic add in a cold aqueous 
solntion of helioin a transparent vitreous mass 
is produced, which crystallises from alcohol 
in colourless plates [142°]. This compound 
is G^H„OvO.C,H 4.CH(OH).NH.G,H4.GO,H. On 
beating with acids it is split into glnoose, 
m-amido-benzoio acid, Euid salicylic aldebvdo 
(H. Schiff, 0. 10, 470).—8. Amido-cuminic acid 
forms in like manner the crystalline compound 
Ci,H„ 0,0„H„N02.—9. By the action oi glucose 
and excess of HOAo on helicin there is formed 

amorphous 

(H. Schiff, A. 244, 26).—9. By adding leudne to 
an aqueous solution *0! helioin saturated with 
gaseous snlphnrous acid there is formed 
0 ,H„ 04 . 0 .C.H 4 .CH(OH)S 05 NH,. 0 ,H„.CO,H, 

^ which crystalli^s with difficulty. Other amido- 
* acids behave inlike manner.—10. A solution of 
helicin (15 pts.) in water ftOO ptai) heate(Pio 
65° and alternately treated with an aqueous 
solution of caustic soda (5 p.o. solution) and 
acetone (5 pts.) dissolved in water (40 pts.) de¬ 
posits on cooling ^pystals of the glucosiae of di- 
oxf-di-Btyryi ketone (04H„0,.0.0,H4.CH:CiH)^0 
[m°], while the filtrate on e^poration deposits 
the glnooeide of oxy di-stynd methyl ketone 
0,HaO,.O.CA CH:OH.OO.cC [I923, 0! which 
the oxim melts at 17B® (Tiemann a* £. 18, 
1984 ). 
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THfA-acfityl d«rivativ 
0«EfAo40t.O.^H4.CHO. Fonned by mixing 
helioin with AoGl; after 24 hours t)^ solution 
is heated to 60**, and the product extracted with 
ether and crystallised from alcohol (H. Sobiff, Z. 
[2] 6, 1; A, 154, 29). Shining prisms; insol. 
water, si. sol. ether and cold alcohol, v. e. sol. 
hot alcohol. Besolyed by boiling dilute H;.S04 
into glucose, HOAc, and salicylic aldehyde. 
With aniline at 80° it forms the anilide 
a yellowish powder, 

sol. alcohol. 

Btnaoyl darivativa 

0,H,^80,.0.0^4.GHO. Obtained by dissolving 
populin (1 pt.) in nitric acid (11 pts. of S.G. 
1*8). Formed also by treating helicin withBzCJ. 
Tufts of silky needles; si. soli' boiling water, 
m. sol. alcohol, insol. ether. ^Not attacked by 
emulsio, but boiling dilute acids and alkalis 
split it up into benzoic acid, glucose, and sali* 
cylio aldehyde. Boiling with water airi mag¬ 
nesia resolves it into magnesium benzoate and 
helioin. Sodium-amalgam reduces it to populin 
CgHifBzOs.O.C^HfCH^OH. Aniline at 150° forms 
a brown resinous di-anilide O^oHs^NsO,. 

Tatra-bemoyl derivative 
CjHjBzjOj.O.C^H^.CHO. From helicin andBzCl 
at 160°. Amoiphous. Sol. alcohol and ether, 
nearly insol. water. Aniline at 150° forms a 
brown resinous di-anilide G^H^jNsO,. 

Phenyl hydraeide 

C,H4 (OC,H„oJ.CH:N,HC,H,: [c. 187°]; white 
slightly cryst^line solid. Sol. alcohol, ether, 
and hot water, nearly insol. cold water. By 
emulsin it is split up into glucose and salicylic 
aldehyde i^eayl-bydrazide (Tiemann a. Fees, 
B. 18,1667). 

Oxim C,H4(OC,H„0,).CH:NOH: [190°]; 
fine white needles containing aq. Sol. water, 
more sparingly sol. alcohol, insol. ether. By 
emulsin it is split up into glucose and salioyl- 
aldoxim. It is Isvorotatory (Tiemann a. Fees, 
JB. 18,1662). 

firomo-helioin GjH,}BrO,aq: gelatinous, 
drying up to an ataorphous mass. 

(a}-ChXoro-helicin G„H,jC10,. Obtained by 
agitating helioin with water in a vessel filled 
with chlorine. Small needles containing ^aq 
(from water). Sometimes it separates as an 
amorphous jelly. Nearly insol. cold, m. sol. hot, 
water; m. sol. alcohol. Emnlsln or boiling 
dilute acids hydrolyse it, forming ohloro-salioylio 
aldehyde and glc::3aBe. * 

(fi)-Chloro-lieUoia Ci^uOIOr. A white 
granular substance obtain^ bypassing chlorine 
into an alcoholic solution of helioin. Insol. 
water, nearly insol.^boiiing alcohol, not decom¬ 
posed by emulsin, acids, or alk^s. 

l^helieln G„I^Oy. Formed by heating 
heucin to 165°. formed also^by moistening 
beli(^ with dilute (1 p.o.) nitric acid, leaving it 
fmr some days exposed to the air, and then heat- 
Jiff to 110° (H. Schiff, B. 14. 818; 0. 11,112). 
felly; drying op to an amorphous powder. Be- 
wAposes at 250° ^tbout preTioas fusion. iSh 
water, alcohoi, cold SOHAq, and BOAo. 
toiling dilote H;S04 slowly splits it op into 
docote and salieylie aldehyde. By warming 
rith Tarr dilote HC&Aq U If emtoged iato, 


Belieoidine This substance, whieh 

m&j be regarded as a compound of helioin with 
saUoin, is obtained by treating salicin with very 
dilute nitric acid ^.G. 1*088) (Piria, A. CA. [3] 
14, 292). Needles wntaining l^aq (from boiling 
water). Split up ^ emulsin and by dilute 
alkalis into glucoBf, salicylic aldehyde, and 
saligenin. Aniline at 70° forms the amorphous 
di-anilide , 

Oeto-acetyl derivative CjjHaAogO,*. 
[80°]. From belieoidine and AOjO at 100° 
(H. Schiff, A. 154,28). Brusio aggregates; insol. 
water, v. soL ^cohol and ether. 

HlffJtFB OBIN CtJS.^20f, A glucoside that 
occurs sparingly in black hellebore {Eellehorus 
aiger) and more^'abundantly in green hellebore 
{H. viridia) (Husemann a. Marm4, A. 185, 55 ; 
cf. Weppen, Ar. PH. i^] 2, 101,193). Prepared 
bv extracting old ro5ts of*green hellebore with 
alcohol, evaporating the extract, boiling the 
residue with water, and evaporating the aqueous 
extract till oiystals are deposited on cooling. 
White, concentrically grouped needles (from 
alcohol), insol. cold water, si. sol. ether, v. sol. 
boiUng alcohol and chloroform. Becomposes 
when heated above 250°. Cone. HJSO4 colours 
it deep red, and then dissolves it with the same 
colour. ^Helleborin is a stronger narcotic than 
helleborein. It is resolved by boiling with dilute 
acids, or more completely with cone. ZnCljAq, 
into glucose and helleboresin C„H3404. 
Helleboresin is a resinous body, insol. water, si. 
sol. ether, v. sol. boiling alcohol; water separates 
it from its alcoholic solution as a fiocculent pp. 

Helleborein 04sH4«0,4. Occurs more abun¬ 
dantly in black than in green hellebore, but is 
present in greater quantity than helitborin even 
in the latter. The aqueous decoction of the 
root is ppd. with lead subacetate, the conocn. 
trated filtrate freed from excess of lead by sodium 
sulphate and phosphate, and the filtrate concen¬ 
trated apd ppd. with tannin. The pp. is stirred 
up with alconol and PbO, dried, and exhausted 
with boiling alcohdi; the helleborein is ppd. 
from thestrongly concentrated alcoholid'solution 
by ether. Transparent nodular groups of minute 
needles (from alcohol); on exposure to air these 
crumble toayellowish-white hygroscopic powder. 
Helleborein has a sweetish taste, is v. e. sol. 
water, m. sol. alcohol, and insol. ether. It is 
poisonous. The aqueous solution, which scarcely 
reddens litmus, dries up to an amorphous mass 
which loses water at 120°, becomes straw-yellow 
at 160°, bmwn at 220°, and carbonises above 
280°. *0000.0^804 dissolves it with browniah- 
rei colour changing to violet. Alkalis and 
alkaline earths have no action upon it. Boiling 
dilute acids split it up into glucose and hello'-* 
(d)oretin. Hclleboretin is deposited as a dark 
violet-blue fp. which, when dry, forms a gi;ey* 
green amofphous powder, melting above 200°, 
insol. water and ether, sol. cone. ]^S04 forming 
a brownish-red solution whence it is ppd. by 
water in its original state. The alcoholic solu¬ 
tion of hclleboretin is red, and gives a brown 
colouration with HaSOi (Greenish, C* /. 88, 719; 
PA. [8] 10, 909, 1018). Helleboretin la not 
poisonous. _ 

EBXSLUTHSHX 0. HsmatiLrrHanu 
HBXXLUTHEHB-OABBOZTiaQ A0V> 
Ttt^nnnii-Baiiaoio aoep. 
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methyl-beneme. (ITS”). K 
(a)-onminio acid with limBlTo 
1M7: 19, 2517). Formedtlsu u/ mo action ot 
Ot (2,l,8(.broino-ayiene 
and Mel (0. Jacobsen a. DeUte, B. 20. 903).^ 

““t' also be isolated from 


t.Me, [1:2:81. c-ivi- 

»med by distilling 
[0. Jacobsen, B. 16, 
ISO by the action ot 


. r i. "mijiiamiae tias''! and mves oi 

a 1^2611™ (jfJobsen 

HEMIMEUITHEHOI,.C|JH„0 i.s. 
0 ,HjM6,(OH)[6:4:3:J1. [8iVj. Formed ly fusing 
the sulphonio acid of ffemimellithene with 
potash (0. Jacobsen, B. 19, 2618). Long flat 
n^ks, sol. afcohol and ether. Not colourld by 

MMIMEUITHIDINE o. Comidink. 
HEMIMEILITHYIIC acid 0. Di-metbyd. 

BENZOrO AOID. • 

O J^MIMthimc ACID 0,3,0, tA 
t'3»(C03)a[l:2:3J, Uemimellithic acid. Benz¬ 
ene c-tri-carboxylic acid. Mol. w. ilOt riCfl"! 
Formed, together with phthalio anhydride, by 
hydride of mellophanio acid 
(Bacycr, A. Suppl. 7, 
dl). Needles; begins to melt at 185°, being de- 
composed mto phthalio anhydride, benzoic acid, 
00„ and H,0. M. sol. cold water. Ppd. from 
its concentrated aqueous solution by HCl (dif. 
ference from phthalio aoid).-Ba,A'", 6aq: short 
thick needles, v. sol. water.—Ag,A'": flocoulent 

pp. 

HEMl.PEFXONE ti. Pbotbids. 

HEMIPIC ACID 0„H,,0, i.e. 
0,H,(OMe),(C0.3),[l:2;3or5;4]. Di-methyl 
ai-oxy-phthalic add. MoA w. 226. 

Formatiem —1. By the oxidation of opianio 
byPbO,and 6,80. 
(Wahler. A. 60,17), by aqueous PtOl, (Blyth, ,4. 
60, 36, 43), or by chromic acid mixture (Matthi- 
essen, Pr. 17, 841).—2. By the oxidation of nar. 
cotine by dilute HNO, (Anderson, A. 86, 194) 
by PbO,and H,S0., by MnO, and H,SO, (Wdhlor j 
Lieehti, A. Suppl. 7, 160), or by aqueous PtCI, 
(Blyth). In these reactions the narootine is first 
oonverted into opianio acid.—8. Together with 

meconine 0,H,(0Me),<°^>0, by fusing opi- 

•me acid with potash (Matthiessen a. Foster, 
Pr. 11, 58; O, J. 15, 846; Beckett a. Wright, 
U. J, 29,281).—4. By the*oxidation of narceine.— i 
6. By the oxidation of berberine (B.^ohmidt, Bje 
16,2689; Perkin, jun., C. 66,71^6. By the 
^dation of papaverine by KMaO^ (GoWsohmiedt, 
^4 6, 880).—7. By boiling di>azo-hemipio acid 
(from amidO'hemipio acid) with alcohol (Lieber- 
mann, B. 19, 2278; GrOne, B. 19, 2803).-8. 
Formed, together with oinohomeronio acid, by 
the action of 4 p.o. alkaline KMnO< on the 
methyl derivative of di-oiy-iaoqoinoline (Gold- 
Mhmiedt, M. 9, 827). 

Fr^roriow.—Opianie add is converted by 
OTdroxylamiua hyd^^hloride into opianio oxlm 


M;d\ ^ " acidified and tbe^pio 

aoa ^ip^xtracted with ether (GMaohmiedt, K 

—Monoolinio effloreseent orystala 

17K0 “®}^mg-pomt varies from 167° to 

and elbl?' ■ ‘ ''***'’ “• “*• alcohol 

aotion. Sublimes in shining lamins. Gives an 
esZ®r“actZ “‘® «“”■ 

boihng with HClAq or 

SmkJV®-’’®?® I®' and the 

rn^yl derivative of di-oxy-phthaUo acid (nor- 
hemipio aoid> C.H,(OH)(OMe)(CO,H),, which 
T “■* methyl deriva- 

,^„P5°*®“^“huio acid (isovanilUo acid) 
[26I»].L2. By heating 
with BClAq at 170° it is resolved into MeCl, 
protooateohnio Mid and CO, (Wegseheider. M. 
cf irnir®’ “®ated with seven times its weight 
or KOH and a little water at 210° for fifteen 
converted into protooateohnio 
Mid.-^. Distillation with aoda-lime gives the 
^■methyl dor^ative of pyrooateohin (Beokett a. 
Wright).—5. Cone. HjSO, converts ft on heating 
mto rufiopin (Liebermann a. Chojnacki, A. 162, 
o«7). 

Salts.—NH,HA"aq. Needles.—KHA"4aq • 
large hexagonal tables, v. sol. water and aloohol, 
msol. ether.—Ag,A'': white pp. insol. water.— 
"“.‘“P when a solution of the barium 
salt 18 boiled, shining orystalline plates are de¬ 
posited ; the liquid on cooling redhsolves this 
pp., but after standing for some hours, feathery 
tufts 0. very small sfiky needles separate; these 
dissolve on heating, and the crystalline plates 

are again deposited (Matthiessen a. Foster)._ 

Fepio salt: orange-yellow pp.—Load salt: 
white pp. msol. water, sol. Pb(OAo).Aq whence 
It separates as transparent nodules. 

M Uethyl ether • 

0,H,(0Me),(C0,Mp)(C0,ri) U:3or5:2:l]. [122°]. 
Formed by oxidising methyl opianate with 
aqueous KMnO, at 90° (WegseheWer. M. 3,359). 
Long trimetrio needles (containing aq or 14«aQ). 
Melts at 98° in its water ot crystallisation? 8L 
sol. cold, m. sol. hot, water, v. sol. alcohol, ether, 
and benzene, almost insol. ligrofu. Its aqueous 
solution is feebly acid in reaction, and gives a 
golden pp. with FeCl,. OnJiMting to 200° it 
gives hemipio anhydride. Xnetillation with 
lime gives the di-methyl- derivative of methyl 
protocateohuate, mSthyl-di-oxy-phthalio a^ 
hemipio acid, the methyl, derivative of pro-’ 
tocatwhuic acid (isovanillio acid) and protooa- 
toohnio aoid. aBy heating with oono. HOlAq 
at 120° it is resolved «to MeOl, henMo 
Mid 03,(0M,)(0H)(003)„ iso?snUliriSid 
C,H.(0Me)(0H)(603) [4:8:1], and prolocatwh. 
me aoid. 

{B)-Mtthyl ether 

C3,(OMe),(CO,MS)(CO,H) [4;3or6:l:9]. [IMT. 
Ftoed by passingHCl into aeolntionof h^nfc 
•Old in MeOH (Wegseheider, U. 8, 869-V 
^derson, A. 86,196). Trimetrio crystals (fa<m 
•Uorofotm); a:6m-‘C24:l;-768. T. sol. wata, 
•llcohol, ether, and benzene. Its a^neon, e^g? 
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tion gives do to. with FeOV At 200® it yields 
hemipio anhydrHe. 

Ethyl $thlr OaH,(OMe).(OO^t)(CO,H). 
[182®] (A.); [142®] (W.K Formed bypassing 
HCl into ft solution of hemipio aoid in alcohol. 
Needles (from MeOH) or monoolinio prisms 
(from benzene); v. si. sol. cold, m. sol. hot, 
water; v. e. sol. MeOH, v. sol. aloohol and ether. 
Its aqueous solution is ppd. by FeCl,. 

Anhydride C,pHgOj. [167° oor.]. Formed 
by beating hemipio aoid at 180® for an hour, 
and crystallising from alcohol (Beokett a. Wright, 
C.J.20, 281). Formed also by treating hemipio 
acid with PCS, (Piinz,/. pr. [2] 24, 870). Shining 
needles. V. e. sol. hot benzene, v. sol. hot 
aloohol, m. sol. ether, insol. ligroln. Beduced 
by boiling with zinc-dust and HO^c to pseudo- 
meoonine. Boiling dilute alcoholio potash con¬ 
verts it into mono-ethyl hemip^Cte (Matthiessen 
ft. Wright, Pr. 17, 341). 

Itnide C,«H9N04 ».e, 

OA(OMe),<^^>NH (?). [230‘>]. Formed by 

distilling ammonium hemipate (Liebcrmann, B. 
19, 2278). Formed also by molecular change 
from the isomeric compound opianio-oxim- 
anhydride by heating the latter to its melting- 
point [115®], heating it wi th cone. H.^S04, or with 
alcohol containing a trace of HCl. Hence it is 
produced in place of the oxim-anhydride by 
boiling opianic aoid with an alcoholic solution 
of hydroxylamine hydrochloride (Liebermann, 
B. 19, 2923). Long slender colourless needles 
(from aloohol). The dilute alcoholic and aqueous 
solutions fluoresce blue. Sublimable. Dissolves 
in caustic ajjcalis but not in NajCOjAq. Hot 
KOHAq converts it into hemipio acid and NH,. 
Boiling with tin and cone. HClAq converts it 
into 'hemipimidine' 0,oH,,NO, or 

CA(OMe)j<;®®»>NH (?). [18J»], which 

crystallises from benzene-ligroin in laminro and 
gives a nitrosamine C,jH,o(NO)NO, [156®], 
whence hot aqueous NaOHAq forms nitrogen 
and pseudo-meconinie C,4H|404 (Salomon, 
B, 20, 884).—C,bH§KN 04: crystdline solid.— 
0,»H,AgN04: white pp. 

ISthyl-imide C,H,(0M6),<;^^NEt (?). 


with 2 p.0. aqneons KMnO.ClOOg.) (Goldsohmia 
M. 9, 827). Needles (from aloohol). May be 
snblimed. Neutral; insol. dilute acids and 
alkalis. Split up by boiling KOHAq into hemi¬ 
pio aoid and benzjriamine, an intermediate 
product being the a^no-benzylamide of 
hemipio acid C4H2(rae)j{COjH)(CONHC,Hy), 
which crystallises from aloohol in very slender 
needles, reconverted heat into the imide. 
The mono-benzylamide is v. sol. aqueous alka¬ 
lis ; its K salt crystallises in needles, v. soL 
water; its Ag salt is amorphous; the Ca salt, 
CaA'j, crystallises in small needles, m. soC 
water. 

acid 0,H(N02)(0Me)a(C03H)^ 

'■ Fonnation. —1? By boiling nitro-opianio 
acid with HNO, (4 nts.) (Liebermann, B. 19, 
2285; Giflne, B. 19, «<303).j-2. Together with 
nitro-pseudo-meconindt by heating meoonine or 
pseudo-meconine (Ig.) with HNO, (10 o.o. of 
S.G. 1-14) for 1 hour at 160° (Saitvuon, B. 20. 
888 ). 

Preparation. —When opianic acid is nitrated 
by HNO, and the solid cake produced crystal¬ 
lised''from water, nitro-opianio acid separates 
and nitro-hemipio aoid remains in fhe mother 
liquor. Nitro-hemipic acid is obtained in larger 
quantity heating opianic acid (50 g.) with HNO, 
(50 g.) as long as red fumes come off. The mass 
is crystallised from water and the mother liquor 
mixed with NH, and BaCl,. Baric nitro-hemi- 
pale separates. The free aoid is got by decom¬ 
posing this with H,S04 (Prinz, J. pr. [21 24. 
859). .t' L J . 

Properties. —Yellow prisms (containing aq). 

Salts.—A"K,: yellow prisms, v. sol. water 
and alcohol.—A'Ag,: yellow pp. “ 

Anhydride O.H(NOJ(OM6),<®^0: 

[146°]; thick yellow prisms; formed by heating 
the aoid to 160°-1C5® (Liebermann, B, 19, 
2285; Gr^ine, B. 19, 2303). 

o-Amido-hemipio acid 0„H„0,N <.s. 
CrtH(0Me)2(NH,)(C02H)3. Arnido-di-methoxy* 
phtiuilic acid. The free aoid was not isolated 
as its solution easily decomposes on evapom- 
tion. 


[98°]. Formed by heating the potassium de¬ 
rivative of the imide with EtI, or by distilling 
ethylaznine hemipate. Needles (from water); v. 
e. sol. alcohol and ether (L.). 

C^^,NO^. [above^20°]. Formed, 
together with other bodies, by oxidising papa¬ 
verine with KMnO, (Goldsphmiedt, M. 8, 612). 
Small needles (from water). May be sublimed. 
V. si. sol. hot watery alcohol, and ether, m. sol. 
hot HOAo. The ’ alcoholic solution exhibits 
blue fluorescence. Boiling KOHAq splits it up 
inQ^H, anck hemipio aoid. 

Ethyl-iiO’imide C^HgE^NO,. [227°]. 
Formed by oxidising papaverine ethylo-bromide 
with KMnO. (G.). Needles (from alcohol); si. sol. 
boiling alcohol; sublimes m colourless needles. 
Potash converts it into ethj^'-hemipamio acid 
0,H,(OMe),(CO,H)^OONHEt) which resembles 
the oorrospondinc^benzyl derivative. 

Ben»yl-%»o-ifnid$ 0,,Ha(CH,Ph)N04. 
[225°]. Formed, together with other proaucts, 
by oxidising papaverine ben^lo*ohloride (30 g.)« 


Formation. —1. By reduction of nitro-hemi¬ 
pio aoid with FeSO, andNaOH.-2. By boiling 
the anhydro-acid (so-called * azo-opianio aoid') 


0,H(OMe),(CO,H; 




COH 


with ezoea. ot bar;ta- 


vater. 

Meaclim.--By diazotisation and boiling wito 
aloohol It may be oonv^ed Into hemipio add 
C.H,(OMe),(CO^),. 

Balts.—l.."Ns28aq: easily tolnbla long 
white needles.— A"B»: glistening golden-yellow 
spangles, si. sol. water.—A"Ou7sq: slender 
green needles.—A"Ag,*: yellowish-white pp. 
(Grttne, S. 19, 2801). 

' Aeetyl derivative 
C^(OMe5,(NHAa)(CO,H),: [160‘’-170^^ ootow- 
less needles containing aq. Heatad to 125° it 
la oonTsrted by aliminstion ot water into tha 
acetyl deriTative ot tha anhy^o-aoid (Id«bar> 
mum, B. 19,9981). 
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Anhydroo-amido-hemipio acid (so-called 
wm-vpiank acid') 0„H,0iN t.c. 

0^(OMe),(OOJH)<g“ 

/ ^COH 

or O.H(OMe),(CC|fe)/|| 

[200®]» Formed by boilifg nitro-opianio acid 
with SnCJl^ and HCl (Prinz, /. pr. [2] 24, 864). 
Long white slender needles (from hot water). 
Decomposed on fusion. It ^ssolves in cone. 
II^SO* and is thrown down unaltered by water. 
It is not affected by sodium-amalgam, or by 
KMnO< in presence of H^SO^. By boilifig with 
baryta water it is converted into amido-hemi- 
pio acid C^H(OMe)j(NH2){CO,TiI)a (Liebermanr^ 
B. 19,2275 ; Grune, B. 19, 2299). 

Salts.—A'K: white crystalline powder.— 
A'Ag: white pp.—BnA'j 6\i: slender needles. 
Methyl ether [127®]. 

Ethyl ether A'Et; [98®j; needles, sol. 
alcohol, etho^ Ac. 

Phenyl kydraeide 
/CO.NPh 

C„H(OMe)j^^=N ; [222®]; small glistcaing 

\nh 

yellow tetragonal pyramids, a:c = 1:0’5947. 
Acetyl derivative * • 

0,H{0Me),(C0^)<g®^ ! [165»]; yellow 

needles. Formed by acetylation of the an* 
hydro-acid; by heating amido-hemipio acid with 
AOjO and NaOAo; or by heating acetyl-amido- 
hemipic acid to 125®. By warming with aqueous 
alkalis it is converted into acetyl-amido-hemi* 
pio acid (Liebermann, B. 19, 2920). 

Propiof^l derivative C,jH8{C8Hj0)0jN: 
[139®]. 

Iso-hemipio acid C^H2(OMe)j^COjH),[6:4:3:13. 
[246®]. Formed by oxidising iso-opianio acid 
with a dilute solution of EMn04 (Tiemann a. 
Mendelsohn, B. 10, 306). White needHs (from 
hot water); nearly insol. o^id water, v. sol. al¬ 
cohol and ether. May be sublimed. The salts 
of the alkalis and alkaline earths are easily solu¬ 
ble and crystallise well. 

Mono-methyl ether [167®]. 

Nor-metbyl-hemipic acid o. Methyl deriva¬ 
tive of Di-oxt-putuauc acid. 

Kor-fiethyl-nitro-hemipic acid v. Methyl de¬ 
rivative of NiraO-DI-OXI-PHTHAIJC ACID. 

Kor-methyi-anhydro-amido-hemipio acid v. 
Methyl derivative of Anhydro-r>i-oxY-miDO- 

PBTHALXO ACm. ^ 

.^£UP. Cannabis sativa. Homp-secds con. 
tafh about 25 p.o. of a drying oil, S.G. ^ •92^?| 
which on saponification yields an acid G,aH,.P2' 
When this acid is dissolved in HOAc and treated 
with bromine there is formed 0,gH,2Br405,[116®] 
and CigHg-^Br^Oj [177®]. The acid 0,gHj-0j yields 
on oxidation sativio acid G),Hq.^(0H)40f(Hazura, 
M, 8,147). Hemp leaves yield on distillation an 
essential oil G,.H„ (257°), V.D. 7-1, S.G. g -93, 
[a>=-lo-8®at 25*6® (Valente, O, 10,479; 11, 
106). 

Indian Hemp v. Cannabis indica. 
H£irD£CANAFHTH£K£ v- Hkndscylens. 
n-HENDECAHE OaH-.. [-26 5®]. (196®). 
S.G. £*7539; ■6816. Formed by the action 

of Hr and phosphorus at 280® upon hendeooio 
VoL. it 


(undecylio) acid, or upon C„H.;-Clj obtained by 
treating oil of rue with PCI, (KrAt, B. 15,1697). 
HENDECENOIC ACID 

CB2:CH(tKi)^.CO.fi{7),Und^yl€nica^.lii'6^]. 
(165® at 15 mm.) (B.); (276® at 760 mm.); (199® 
at 90 mm.) (K.). Formed by distilling castor oil 
under diminished pressure (Krafft, B. 10, 2035; 
Brunner, B. 19,2228). Large plates; distils with 
aeoomposition ftt 275®. Split up by potash- 
fusion into acetic acid and n-ennoic acid 0,H,,Oa. 
Fuming HNO3 oxidises it to sebacio acid C^H^O,. 
With bromine it forms CiiH^^Br^Oj [38®J. HBr 
forms 0„HaBrOj [36®]. HI gives OaH„IO, 
[24°].—BaA 21 fiat needles or lamina, S. *093 at 
15'5° (Becker^B. 11,1412). 

Di-hendeoenoic acid (C„H2oO.^)j i.e. 
C,„H]9.CO.O.Cj^Il2o.CO.^. Biundecylenie add. 
[.S0®J. (275° at 15 mm.). Formed, together with 
the following acia, by heating the preceding acid 
in a sealed tube above 300'- (Krafft a. Becker, B. 
10, 20841 11, 1412; Krafft a. Brunner, B. 17, 
2966). Formed also by the action of silver hen- 
dcccnoate on iodo-hendcccnoic acid (Brunner, 2L 
19, 2224). Crystallises from dilute alcohol. On 
heating with KOH hendecenoic acid is among the 
products. Br forms CjH^pBr^Oj, an almost 
colourless oil. 

Poly-hendecenoic acid (OjiHipOa)*. Poly- 
undecylenic acid. Formed as above, and also 
found in the residue after distilling castor oil. 
Amorphous. Gives ennoio acid on fusion with 
potash, and sebacio acid on treatment with 

iJkKO,. 

Hendecenoic acid C„H.uOa. Petroleiimic acid, 
(250®-260°). S.G. -982; «-969. Occurs in 
petroleum (Hell a. Medinger, B. 7T 1217; 10, 
451; Markownikoff a. Ogloblin, J. R. 15, 345). 
Extracted from rectified petroleum by aqueous 
alkalis, and ppd. by H.4SO4. Liquid. Not affected 
by potash-fusion or by nitrous acid. Does not 
combine with bromine. Boiling HNO, (S.G. 1-3) 
forms acetic acid and an acid C,H|,0}.—AgA': 
flocculent pp. 

Methyl ether UeM* (236®-240°) at 739 
mm. S.G. 2 -939; ^ -OlO.® 

HENDECINENE C„H«o. iRitylidene. (c.200-) 
(Gicsecke, Z. 1870,431); (210®-21^) (Bruylants, 

B. 8, 413). Formed by the action of alcohqjio 
KOH at 130° on 0„H..C4, obtained from 

C, .H,3.C0.CH, (in oil of rue) and PCI,. Liquid. 
Gives a white pp. with ammoniaoal AgNO, and 
a brownish-yellow pp. with ammoniacal Cn^GI,. 

HEKDECiNOIC ACID C„H^Or Undecolxe 
acid. [59'6°3. ♦From the dilftOTiide of hende¬ 
cenoic (undecylenic acid) C,,H,jBr,02 and alco¬ 
holic KOH (Krafft, B. 41,1414). Thin laminie; 
decomposed on distillation. V. si. sol. water, v. 
sol. alcohol. Fuming HNO,. oxidises it to 
I arachic acid CglLO^. 

Salts.—CaAaaq.—BaA'* S.’47atl6‘6® 
AgA'. . ’ 

Hendeclnoio acid C„Hj,0« (270*-280®). 

Among the products obtained by passing CO at 
ICO® over a mixture of sodium isovalerate and 
^dium ethylate (Lqoss, A. 202, 821). Liquid. 

HENDECOIC ACID TJndeeyttb 

acia. [28-6®]. (228® at 160 mm.). Formed by 
heating hendecenoic acid (undecylenic acid) with 
HIAq and red phosphoroe at 210®. Formed 
also by oxidising methyl hendeoyl ketone 
Ife.CO.Oi,^ "With ohromio acid mixture (Krafft, 
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B. 11, 2219; 1^, ICC?). Grystallme mass, 
msol. water, y.U. sol. alcohol, sol. ether.— , 
3aAV—AgA'. Q j 

Hendecoio acid C„H2,0, i.e. I 

H6,C)..CMe.C02H. Methyl-di^tert'hutyl-aeetio ! 
laid. [0G°-70®]. (266° cor.). Formed by oxidis* j 
ing tridso-butylene with ohromio acid mixture j 
(Butlerow, J. 11, 203). Crystalline mass.-! 
IqsoI. water, v. e. sol. alcohol and ether. — i 
NaA' iaq; crystalline. Absorbs CO, trom the ' 
air, the acid being liberated.—Magnesium 
salt: y. al. sol. cold water. 

Methyl ether MeA'. (217°-220°). 

Ethyl ether EtA'. {226°-230°). 

Hendecoic acid C,,H,.^03. Umkelhilic acid, 
[c. 28°]. {275°-280° cor.). The glyceryl de- [ 

riyatiye of this acid constitutes th^ greater part 
of the fatty substance in theohernels of the 
Galifomian laurel {TJmhellularia califomica) 
(Stillman a. O’Neill, Am. 4,206). Crystalline.— 
AgA'. 

Methyl ether MeA'. (245°). 

Ethyl ether EtA'. (254°). 

leoamyl ether G^HjiA'. (295°). 

HENDECONENE O^H,*. (182°). Occurs, 

together with the following, in Dippel’s animal 
oil (Weidel a. Ciamioian, B. 13,80). Does not 
combine with HGl. 

Hendeconene 0„H,g. (203°). 7. mpra. 

Hendeconene (0„H,8)*. [196°]. Extracted 
by ether from Cascara amarga and Phlox Caro¬ 
lina (Abbot, B. 21, 2508). Needles, sol. ether, 
HOAc, chloroform, hot alcohol, petroleum ether, 
and Ao,0. 

HENDECYL ALCOHOL C„H„0 i.e. 

(229»). S.a.l^ -827. From 
oU of rue by reduction with sodium amalgam 
(Gieseoke, Z. 1870, 428). 

Headecyl alcohol C„H2^0. (245°-255°). A 
product of the action of sodium on isoamyl iso* 
valerate (Louren^o a. Aguiar, Z. 1870, 404). 

HENDECYL BROMIDE C„H„Br i.e. 
CjHij.CHMoBr. From tho corresponding alco¬ 
hol (v. supra), Br, and ? (Giosecke). Splits up 
on distillation into HBrand hendecylene OnHo... 

HENDECYL CHLOEIDE C„HaCl. (220°‘- 
224°). ForraedCy chlorinating the hendccano in 
petroleum (Pelouze a. Cahours, A. Ch. [4] 1, 5). 

HENDECYLENE 0„H2,. Uv^cylene. 
(193°). Formed by distilling hendecyl bromide 
(Giesecke). 

Hendecylene C,,H|,. (195° cor.). S.G. 2 

*791. Occurs ain^g the products of the distil¬ 
lation of the lime sSlts obtained 6y saponifying 
train oil (Warren a. Storer, Z. 1868, 230). 

Hendecylene 0„H,2. (196° cor.). 8.0. 2 

*640. Occurs in Bomese petroleum (W. a. S.). 

Hendecylene C,,H„. (194°). A product of 
the action of heat on paraffin (Tkorpe a. Young, 
Ai4&,23). 

• HendeoylWe G„H,2' Hen^ccanaphDicne. 
(180°). S.G. 2 *812. Occurs in petroleum from 
Baku (Markownikoff a. Oglobltn, J. B. 15, 335). 
On chlorination it gives a mixture (210°-22o°) 
of chlorides .C„H„01, whenou alcoholic KOII - 
forfiis hydrocarbons which comhu^o 

directly with Br and ^80^ but do not ppt. 
ammoniacal AgNG,. 

HENIC08ANE 0«H^ [40°], (215° at 

15 mm.). S.G. Y *778; V *74. Formed by re-, 
duction of the dichloride (C,aH„),GC12 (A the ke- | 


tone (0,aHj,h00, obtained by the dry distillation 
of barium hendeoenoate (Erallt, B. 15, 1718). 
Obtained also from brown coal paraffin by frac¬ 


tional distillation (! 
plates. 

HENZCOSENOIO 


.m,B.2I,226S). giWer, 


EiDEHYDE 0„H„0 «. 

Di-keptyUheptoic aldehyde, (o. 320°) at 800 mm. 
S.G. *874. Formed by the action of sodium 
amalgam on heptoio aldehyde; the yield being 
6 to 10 p.o. (Perkin, jun., 0. J. 43,71). Slightly 
yellow oil; sol. OS,. Reduces ammoniacal sil¬ 
ver solution. Does not appear to combine with 
NaHSO,. Combines with bromine (1 mol.) in 
CC,. Decomposed by boiling with dilute H,SO«, 
Blackens when heated with potash. 

n-HElfTRUC0Nii^EC„H,,. [68°]. (302® 
at 15 mm.). S.G. •^'f773; ^ *762. Occurs in 
bee’s wax (Sohwalb, A. 235, 106). Formed by 
reduction of the dichloride (0,sHg,)jI)Cl, of pal- 
mitone (CuHj,)aCO with HI and P (&aSt, B. 15, 
1714). SI. sol. ether. 

HEPXAG08ANE v. HeptxicosIne. 
n.HEPTADECANE 0,:H„. [23°]. (163° at 
10 mm.); (223° at 100 mm.); (303° at 760 mm.). 
S.G. V '776; ^ *771; .724. Hexagonal 

tables. Formed by reduction of tho diohloride 
of methyl hexadcoyl ketone, or of margario acid 
with P and HI (Krafft, B. 16, 1702). Occurs 
in crystalline commercial scaly paraffin (&a£tt, 
B. 21, 2250). 

V HEFXADECOIO ACID v. Maboario aoip. 


HEPTADECYLAMINE C„H„NH,. [49°]. 
(836°-340°). Formed by distilling stearyl-hep- 
tadecyl-urea C„H,jO.NH.CO.NH.O„H,j with 
lime (Hofmann, B. 15, 774; Turpin, B. 21, 
2486). Fatty crystalline mass, sol. alcohol and 
ether. Absorbs moisture and CO, from the air. 
Not volatile with steam. Its ethereal solution eva¬ 
porated with CSjformsOjjHjjNHj.S.CS.NHCjTH,, 
[90°], wh^ich on .boiling with alcohol forms di- 
heptadecyl-thio-urea [94°]. The hydroohlor- 
ide is insol. water, alfd crystallises from alcohol 
in plates with a fatty lustre. --B',H.iPtCl,< minute 
yellow crystals. 

Benzoyl derivative CijHjsNECBa. [91°]. 
Crystallises from benzene in plates. ■ 
HEPTADECYL-CARBAMIC ETHER 


CpEjjNH.CO^Et. [62°]. Formed by the ac¬ 
tion of boiling alcohol on heptadeoyl C/anate 
G^HjiiNiCO, an oil which is obtained by heating 
heptadecylamine hydroohloride with GOCl, in 
benzene at 100° (Turpin, B.21,2486). Lustrous 
plates.' 

,DI.HEPTADECYL KETONE {C„H„),CO. 
[88°]. One of the products obtained by distilling 
stearyl-heptadecyf-urea with lime (Tarpin, B.* 
,21, 2487). 81. aol. alcohol. 

HEPTADEOYL THIOOABBIMIDE 
0„H,jNCS.(* [32°], Formed, together with a 
small amount of di-heptadecyl-thio-nrea, when 
heptadecylamine is heated with alcohol and GS, 
at 100° (Turpin, B. 21, 2486). V. sol. alcohol 
and ether. Cannot be distilled. 

HEPTAD£CYL.THIO-XrBEA 
C„H„NH.CS.NH,. [111°]. From the preceding 
and alooholio N^ at 100° (T.). SI. sof. alcohol. 

Si-heptadecyl-thio - urea (G„H,aNH),OS. 
[94°]. Prom heptadecylamine by boiling with 
alcoholic OS,. 
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HEPTADECYL - UREA C„H,,NH.CO.NHy 
[109®]. From heptadeoylamine hydrochloride 
and E^ooholio potassium oyanate (Torpio* B. 21» 
2486). SI. sol. alcohol. / 

Sttaryl d€rivativ6m 
0 „H«NH.C 0 .NH. 0 „H 3 s 0 .|[ 112 ®], Formed by 
the action of bromine andib^aOH on tho amide 
of stearic acid. Pearly laminse (Hofmann, B, 

' 16, 761). 

Di-heptadeoyl-nrea (O^HjjNHJaCO. [73®]. 
From di-heptadocyl-thio-urea and HgO. 

n-HEPTAICOBANE [60®].» (270® at 

16 mm.). S.G. *779; *764. Formed by 

reduction of the dichloride 9 ! myristone 
(C, 8 H 2 ,)aCO with HI and P (Kr^t, B. 16,1713)* 
Appears also to bo present in bee’s wax (Schwalb, 
A. 2.S5,106). Occurs also miommercialnarafliii 
(Krafft,B.21,2264).* ^ 

HEPTANAPKTIIENE 0,H„. (101®). A hy- 
drocarbon in Caucasian petroleum (Milkowsky, 
Bl. [2] 45,18?). 

n-HEPTANE C.H„ i.e. 

CH,.CH2.CHj.CH,.CII,.CH,.CH3. Ec])tyl \ydTido. 
Methyl-hexane. Ethyl-amyl. Di-propyl-metheyie. 
Abietcne. w‘ 100. (08-43®) (Thorpe); 

(08'4® cor.) (Perkin, G. J. 45, 447). S.G. 'I 
•7005 (T.); U *0835; -6814. M.M. 7-660 at 

14-1®. C.E. (0®-10®) *001222 ; (0°-100®f*0014.:0 
(T.). H.C. 1137450 (Lou;^ujnine, O. iJ. 93, 271). 
S.V. tG2'r)6 (T.); 165*0 (Eamsay). V.D. 60-0 
(Theory 49*9). = 1*3879. R„ - 56-4 (calc. 

55*8). Coefficient of viscosity : ‘004236 at 16*3°. 
.Ingle of capillarity 167® (Thorpe). Critical 
tafnperatiiret 281® (Thorpe a. Itucker, C. /. 45, 
105). Occurs almost absolutely pure in the 
exudation pf tho nut pine {Finns sabiniana) 
(Thorpe, C. J. 35, 296 ; 37,213; cf. Wenzell, Fh. 
[3] 2,789). Occurs also in American petroleum, 
in coal-tar oil (Pelouze a. Cahours, C. H. 56,505; 
Warren, J. 1866, 516; Sohorlemmer, C. J. 15, 
423 ; 26,319; Pr. 14,164, 464), and in Galician 
- • • * Formed 


petroleum (Laohowicz, A, 220, 193). 
by distilling azelaic acid witl^baryta(Dale, C.J. 
17, 258).# Occurs, together with heptylene, 
amongst the hydrocarbons obtained by distilling 
the lime-soap of Menhaden oil (Warren a. Storcr, 
Z. [2] 4, 231). Obtained also by distilling tri¬ 
olein under pressure (Englor, B. 22, ^ 696), 
Treated with chlorine heptane gives a mixture 
of chlortheptanes (143®-168®). These may be 
converted into a mixture of a primary heptyl 
alcohol (165®-170®) and a secondary heptyl 
alcohol (i56®-168®). By oxidising with ohromio- 
mixture the former gives heptoio acid, the latter 
methyl amyl ketone and, by further oxidation, 
valeric and acetic acids; hence the alcohols are ♦ 
, CH 3 .CHa. 0 H,.CH 2 .CQ 2 .CHj.CH 20 H and 
0H,.0H,.0HrCH,.CH,.CH(0H).0H8 
(Sohorlemmer a. Thorpe, T. 174,2W; 217, 

150). The mixture of ohlorides (143®-^67*6 ) is 
converted by alcoholic potash paftly into hep¬ 
tylene (98‘6®), partly into a mixture of ethyl 
heptyl oxides. The heptylene gives on oxida¬ 
tion valerio and acetic acids, hence it is 
C,H,.CH:OH.CH,. LiquidAromine acting upon 
hot n-heptane forma chiefly secondary heptyl 
bromide; gaseous bromine forms primary and 
secondary heptyl bromides in about equal quan¬ 
tities. Liquid Br dissolved in cold heptane forms 
chiefly m-bromo-heptanes (Venable, Am. 10, 
237). 


Heptane MejCH.OHj.Et. MStkyhUoatnyl. 
(90‘36®) IThorpe, C.J. 37, 216). S.G. J‘69692 
(T.); >5/*6833 (G.). C.E. (0®-10®) *001263; 
(0®-60®) *0013318; S.V. 161*98. V.I). 3*46 

(calc. 3*47). A product of the distillation of 
whale oil under pressure (Engler, B. 22, 595). 
Formed by the action of sodium (14 pts.) on a 
iflixture of Etl*(60 pts.) and iso-amyl iodide 
(70 pts.) (Wurtz, A. Oh. [3] 44, 276). Formed 
also by gradually adding sodium to a mixture of 
ethyl and isoamyl bromides at 26®, then heating 
for a few hours at 100® and fractionally distiUing 
(Grimshaw, 0. J. 26, 309). Obtained also from 
CHs.CH{OH).GH 2 .C^,CHMe by succoBsive treat¬ 
ment with HI and with Zn and HCl (Purdie, 
C. J. 39, 467).♦ According to Berthelot {Bl. [2] 
9, 465) phthaliOjOnd terephthalio acid heated 
with (80 pts.) saturated HIAq yield a heptane 
(91®-93'); Berthelot also obtained by this treat¬ 
ment heptanes from toluene and from 0 - andp- 
toluidine (C. i2. 68, 606). 

Heptane CMeEtPrH. Methyl-ethyl-propyl- 
methane. (91®). S.G.-6896. [a]-f-2‘70for 100 
mm. From active amyl iodide, propyl iodide 
and sodium (Just, A.2'20, 153). 

Heptane CHEtj. Tri-ethyl-methane. (96°). 
V.D. 101*5. S.G. *089. Formed by the action 
of ZnEtj and sodium upon orthoforniio ether 
(Tjadenburg, B. 6, 752). Colourless liquid. 

Heptane CMo^Etj. (87®). S.G. ^ *7111; 
^ ‘6958. Formed by the action of ZnEtj upon 
/JHTCClj.CHg (from acetone), the distillate being 
mixed with water and fractionally distilled 
(Friedel a. Ladenburg, A. 142, 31^. Besides 
n-heptane, Pennsylvanian petroleum contains a 
heptane (90°). S.G. ‘709 which is either 
CMe..Et 2 or CHMeEtPr for it gives on oxidation 
a ketone CjH ,40 (142®-146°) which on further 
oxidation yields nothing but acetic acid (Schor- 
lemmer, C. J. 26, 319). The heptane in question 
gives rise to a mixture of heptyl ohlorides (144®- 
158°), to a heptylene {00®-92®), to a primary 
heptyl alcohol (166°-170°)?to a secondary heptyl 
alcohol (148°-160®), and to!i l^eptoic acid (209°- 

References, — Di-bromo- an# Di-chloro- 

HEPTANE. • 

HEPTANE PHOSPHONIC ACID 
C„H„CH,PO(OH),. [106°]. 

Formed by heatitiR oxy-heptane phoaphonio aolo 
C,H„CH(OH).PO(OH), with oono. HIAq -* 


at 

200°"(Fossok,' M. 7, 29). SweUj up in a Uttla 
water, forming d jelly. Sol. alcohol, ether, and 
ligroSn. 

Oxy-heptane phosptionio acid 
0,H„.CH(OH)PO(OH),. [18g^. From eenan- 

thol by successive treatment with PCI, and water 
JZepharoviteh, 7, 28). Tables. 

* ThWnE S^JlPHON^<3AOIDO,H,.SQ,H- 
(WinsBinger, Acad. Bclg. [3] 12). Is 

converted by chlorine into a ohloro- derivative of 
which tho Ba salt is (0,H,gCiaSO,),Bfc tri- 
ohloro-sulphonio acid is also formed. ICl, yields 
tivo compounds, th# one insolnble in water^ 
0,H/n,0, and the other is 0,H^Ca,0,. The Bs 
salts of these acids crystallise ont together 
forming crystals which on analySis correspond to 
the formula 

3 ( 0 ,H,.0.80,),Ba+3(0,H.01.0J,Ba+24aq 
(Spring a. Winssinger, Bl. [3] 49, 68). 

HBFIXNB V. H»txu»ik, 

x(3 



hepiekoio acid. 


876 

WTPTEUOWACIB C^uOi- TetracnjlieMid. 
« 18 “ vf Fd^edbyThe.dry »' 

<:r"p™r 

[3] 18, 5S6). .._ „CT fiH CH.CO.H. Formed 

^airoiMut 

with steam. r<Tl-r,E Oh!.CO,H. (225°). 

'JlSiSr^SSi 

cmOEIDE c!h.,C 1.^ Chtoro. 



r H CL. and alcoholic hOH 

0,H,.AgigNO. (Baal. 6»lh 

ifentenyl cblonde t>,ti, 3 yj. f t. q , 

di-propr^tO”® 

“^^eptenyl chloride 0.n,.Cl. QW;)' 

,“C%;*S=?fo“-S'KS; 

‘“’'Scnyl ewSe c!h;.C 1. (65° i« vacm)^ 

From ae beptinenc dorwcd from 
?o"isKSe »!• b 2. • Fotlsh reproduces 

‘be^P"ci; ( calle^ W A 
C.^J2.97,99); CyH,„ products of 

•theSn of alcohofe KOH * ; 

sS:fi:S5£s^'- 

^th alcohoUo |OH and 

^wtenyl cWon Rubien, 294). 

fl^priclii A. i-vot w I ..r a _ ttjan water, 
bu. lith alUaceoj odou , 

V. sol. alcohol and eth«'„ „ o,H,J3r.. 

lentlynpon it,fom g . pp ^ „o. 

Amm omacal AgnUj P ¥ (Bruylants, Jff. 

^al CaA ‘SoUo^Soh of AgNO. sWea 
8,' 409). An ^oobao of the precipi- 

a pp. of S351 When heated for 

taa (B4hal. BU9 «^c KOH a scaled 
86 hours at 146 with a ” j.i,utyl.acetyleB 0 


dissolved in excess of H.SO. and f ’ H 
water it gives methyl ainyl ketone O.H„.oaca, 

CH^’^’ab4°). S.G. »=;803. 

rfirf"ini 0. b“ 9K 4W ; Erls! 

not precipitated by ammomacal AgNC,- 

1, itSsiS- -S7f*S 

f 2 ^‘v!d 94^3. HNO. (S O. 1-3) oms ‘ 

i S' 'iC StSSitefi “. a IWi. ^ 

f H Cl which boils »« mctu> at oo . 

tetra-mcthylene iMcleus. Methyl- 

Heptinone O.H.. «■ J^d 

Myl-acetylcM. CT-,4'^alcoholic KOH at 
by heating Cj n ,o-i jg 428). Liquid. Gives 
! 150^ B6hal, A. Ch. [6) 15.• ’i ^n^n^onia- 

' rf^” aMc XgNO.. Gives a 

ketonfon hydration. Forms a compound with 

propyl-^ty^»^-^^- tfaating with PCI,, and 
from di-propyl betone y a alcoholic 

heating-the vo^Bing (C,H,),CU, mtn 
KOH for 20 hours at UO '•aiong 

210; A. CM?) 16,413). ^^^^^;,otVeaotwith 

odour vesembling a ^cn^^ ^ compound 

“ urHucf rfbch Wn treated .with <hluto 
With ilgOi 2 , wniMi UftfAnfl Combines 

obtained. Me C-C:0Me,. Tcfro- 

Solic^KOH (Henry, B. 8, « »»»“ ”»* 

ppt, nmmoniacal AgNO, or . i (. 15 ° 125 *i. 

p ?Fc^CCOn''''But^^etXn^ 

B';CHi C;C.CO,H. miy ^athyl-propyl- 

acid. (130 at 3U ) heating with sodium at 

acetylene hoxinone)^y hearing aaspended in 

155° hhi%»7#avm3ky J- B 1887:653). Oil, 

ether, With COj (Favor y. 
which does not solidify , silver* 

Si soon decomposes into CO, and 

hexiuene. 
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Salts.—CaA'g: slender needles (from water). 

—BaA',: small spangles (after drying over 
H 2 SO 4 ). 

HEPTINYL ALCOHOL C.H.^O i.e. ! 

C&2'CH.0H,)3CH.0H. ' hi - allyl - cwrhinol. - 

161® cor.). 9.G. % -8768 ;I^ -8644. Formed by ' 
the action of zinc on a uizture of allyl iodide ' 
(2 vols.) and formic eth^(l vol.); the mixture 
is kept oold» and is finally mixed with water 
and distilled (Saytzeff, A. 185,129 ; B. 9,1600). 

A by>prodact in its preparation boils at c. 211®, 
and appears to be CijHiftO, or di-allyl-carbinol, 
in which one H is displaced by t)r(:myl (W. 
Schestakoff, J.pr. [2] 30,215). Di-allyl-Wbinol 
is an oil. It unites with bronvue, formiifg a 
tetrabromide. Chromic acid fhixturo oxidises^t 
to formic acid and CO.^,no acetic acid being pro- 
duced. KMnO^ gives oxaffo acid an<k an acid 
(Schirokoffr J- [2] 23, 207). With 
HCIO, followed by elimination of Cl, it gives, 
not C,H„{ 0 H) 5 , but its anhydride 0 ,H„( 0 H )30 
( 8 . Eeformatslcy, J.pr. [2] 31,318). 

Acetyl derivative CjliuOAc. (170®cor.). 
S.a 2 -9167; ® -8997 (Saytzotf, A. 186,136). 

Methyl ether (OjH.ljCH.OMe. (136° i!V.). 
S.G.g-826j'\“-810. CK.(0°-20°);-001. Formed 
by the action of sodium and Mel on the alcohol 
(K. Ejabinin, J. pr, [2] 23, 270). liea'dions.— 1. 
When bromine is added to an ethereal solution 
combination takes place, a tetra-broraido, 
(C 8 H^Br 3 ) 2 CH(OMo), being formed.—2. Oxidised 
by KMn 04 , the double unions are broken, the 
product being the methyl derivative of i8-oxy-‘ 
glutaric acid (CO,H.Cn.) 3 CII.OMe (g. v.). 

Ethyl ether (CjH^loCII.OEt. (144® i. V.). 
S.G. *821; *802. C.Fi. (0®-‘20®) -0012. From 

the alcohdl by sodium and EtI (Ejabinin, J>r. 
[2] 23, 272). 

HEPTINYL CHLOEIDE C:n„Cl i.e. 
(CH.,:CH.CH2).,CIIC1. (111®). From heptinyl 

alcohol and PCI.,. Converted by alcohoho KOH | 
into heptonene C,H,o (115®). • j 

HEPTINYL GLYCOL v»Di-oxT-nKPTVLHNK. : 

»-HEPTOIC ACID CjH^Oa i.e. 
Pr.CH,.CH3.CH...C02H. (Enanthio acid. Mol. w. , 
130. [-10'5®]. ' (223®); (222® cor.) (Perkin, G. 
J. 45, 484K S.G. *9313 (Zander, A. 224, 69); 
IS -9226; || -9160; *9160 (Briihl). C.E. 

6®-10®) •000‘87. M.M. 7-652 at 14-5®. l-42b(; 

(B.). iac 68-19. S.V. 174-6 (Z.). 

Feyrmation. —1. By the oxidation of oenanthol 
with nitric or chromic acid (Bussy, /. Ph. [3] 8, . 
829; A. 60, 248; Tilley, A. 67, 107; Schneider, 
A. 70, 112; Sohorlemmer a. Grimshawi^ C. J. j 
26, 1073; A. 170, 141; Mehlis, A. 185, 368)^- i 
2. By oxidation of castor oil (Tilley, A* 39,160; 
xf. Arzbaoher, A. 73, 204; Brazier a. Grossletli, 
A. 76, 249).—3. By the action of HNO, on oleio^ 
acid (Laurent a. Eedtenbaoher, ^ 69, 60).— 
4. By saponification of hexyl cyani<^, obtained 
from w-hexyl alcohol (Lieben a. Janeoek, A. 187, , 
126V.—6. By oxidation of n-heptyl alcohol 
(Sohorlemmer, Pr. 14, 171; A. 161, 279 ; 170, ; 
141).—6. By reducing isoduloite carboxylic acid ^ 
witn HI and phosphorns (E. Fischer, B. 21, ; 
2175).—7. By the action of HNO, on Chinese 
wax (Buokton, 0. J. 10, 166), on azelaio acid, 
and on spermaceti (Arppe, A. 120, 288).—8. By 
fusing sebaoio acid with potash (Koch, A. 119, 
178).—9. By boiling the bariom salt of mannita 


carboxylic acid with aqueous HI and red phos¬ 
phorus, diluting, and extractiig with ether. 
The etlvreal solution Is shaken with meroui^, 
and the product treated with HjSO, and zino- 
dust. The acid is finally distilled over with 
steam (E. Fischer a. Hirsohberger, B. 22, 372). 

Pr^ration.— (Enanthol (1 pt.) Is treated in 
4he cold with dilute HNO, (2 pts. composed of 
1 vol. HNOs S'tl-1*4 and 2 vols. water); the re¬ 
sulting acid is d istilled in vacuo (Krafft, B. 16, 
1717). 

Liquid. Gives propionic and 
succinic acids when oxidised by chromio acid 
mixture. 

Salts.—Ammonium salt is v. sol. water, 
alcohol, and ether, and non-crystalUne.—KA' 
(at 100®): sflky mass.—NaA': needles; often 
obtained as a jelly.—CaA'.^: thin flat needles. 
8. -914 at 8-6® (S. a. G.).~CaA '2 aq: thin needles. 
S. (of CaA'.,) -94 at 12® (L. a. J.).-BaA' 2 : thin 
laminte or broad needles. [239®] (M.). S. 1*76 
at 12® (G. a. S.); 1-56 at 22® (M.); 1-G8 at 9® 
(L. a. J.;.—ZnA'o: prisms (from alcohol); si. sol. 
water, v. sol. alcohol. [132®].—Zii Ah -^aq.—CdAh^: 
laminas. [96®].—PbA'^: laminiu (from hot water). 

1 —CuA'a: green prisms (from alcohol).—AgA': 
small woolly needles (from hot water); insol. 
cold water and alcohol, si. sol. boiling water. 

Methyl ether MeAh (180 ) (Neuhof, J. 
1866, 323); (173®) (Cahours a. Demar^ay, Bl. 
[2] 34, 481); (172®) (Gartenmoister, A.233,249). 
S.G. 2 -887 (N.); -889 (C. a. D.); 5 -8981 (G.). 

, S.V. 196-2. C.E. (0®-10^) -00102. 

Ethyl ether EtA'. (188® i. V.). S.G. 2 
•8879 (L. a. J.); g -8861 (G.); Y' -§718; -8648 

(Perkin, C. J. 45, 502). M.M. 754 at 14-9®. 
C.E. (0®-10®) -OOlOl (G.). By boiling the ether 
(20 c.c.) with »t-amiao-bpnzoic acid (10 g.) for 
I eighthourstbereisformedC.HjjO.NII.CjH^.COjH 
[202®] (Pellizzari, A. 232, 149). 

Propyl ether VtM. (206-4®). S.G. g-8824. 
C.E. (0°-i0°) -0097. S.V. 240-6 (G.). 

Butyl ether PrCILA'. (225-1®). S.G. g 
•8807. C.E. (0®-10®)-00^)92. S.V. 271-3 (G.). 

n-Hepiyl ether C^^Ah (274-6°) (G.); 
(277® cor.). S.G. -870 (Cross, C. J, 32, 123; 
B. 10, 1602); 15 -8652; ^ «593 (Perkin); 

-8761. C.E. (0®-10®) -00086. S.V. 850-2. 
M.M. 14-655 at 13-6®. 

Octyl ether C,H„A'. (290-4®). S.G. § 

•8767. S.V. 376-2. C.E. (0®-10®) -0086 (Garten- 
meister). • 

Phenyl ether (276®-280°). From 

the chloride (J,II„OCl and flienol (Cahours, 0- 
B. 39, 257). 

Amide C,H„.C«NH,. [96°]. (260°-a68°). 
Formed by heating the ammonium salt to 230® 
(Hofmann, B. 15, 983), aiW.by the action of 
NH, on the agihydride (Mehlis, A. 186, 368). 
Laminro (from water) or ngpdles (from alcqb^ 
Converted by % mixture of KOH And bromine 
into 05 H,sNH.C 0 .NH.C 0 .C*H„ [97®] (Hofmann, 
B. 16, 769). 

Methyl’amide CaH,sCONHMe. (266°). 

, S.G. ^ *865. Thigk liquid. Obtained by heat¬ 
ing the acid with methylamipe for 5 houfV at 
230°, dissolving the product in ether, and adding 
KsGO, (Francliimont a. Klobbfe, R. T. 0. 6,247). 

Di-methyl-amide CgHj,CONMej. (243°). 
S.G. ^ -894. 

• Ethylamide C^„.CO.NHEt. [6®1, (368°). 
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Fonned by heating the ethyl-ammonim salt at 
230'’. Dorom^jeed by pure TOO, with evolu¬ 
tion of N,0 (Eranehimont a. Klobbie.^. T. 0. 

^’^oLthyl-amide 0^,..C0.NEt.. (268»). 
S.G. “ -881. Liquid (F. a. Kj. 

Anhydride ( 0 ,H„. 00 ),(X Mol. w. • 
I9fis»_271'’l S.G. •932. Obtained by di^- 
mfng the'^id ^th FCl.. and^heating the re- 

aulti^heptoyl ohloridevrithpotaesiumhep oate 

WN.- ‘?it6«-l’78»> V.) ’ka 

11 -896. Formed by heating heptoio 
potassium sulphooyanide (Mehlis). ' 
by the action ot Ao.p on the »«“ »' 

Jdehyde (Lach, B. 17, 1572); and together 
with Lptylamine, by allowing a mixturo ot the 

r^de oVoctoio ’Ji (1 rA'TNaO I 
moU.) to run into a 10 p.o. sola ion of NaOH 
(Hofmann, B. 17,1407). Oil; sol. alcohol and 

®*ChIorid» 0.H„C001. With di-methyl- 
'aniline in presence of ZnCl,it gives as conden- 

“prod'^ucts. O.H,,.CO.O.H.NM^^^ 

r Ti N This latter body has all the 
hef of a leuco base. Heated with Mel at 100» 

U givt thesalt CAA 2 MeL 

act on it very easily, and develop a hue blue 

rolur; k,C^givJc„H N^Cl having a 

blue colour. This is reduced by Zn m acid 
solution to the original leuco-base. The blue 
colour disappears with excess of acid. KOH or 
NaOH does not set free the 

complete decomposition (Auger Bf [2] 47, h 
Isoheptoic acid Pr.CHj.OHMo.CO,H. Me 
thyl-butyl-^ic add. , B^yhpropmnm 
lOiqv; 8 G. 5-9305; y-OISO. S. •3bat a. 
Formed by saponification of the cmrcsponding 
nitrile which is obtained from KCy and the 
secondary hexyl iodide <i“‘ved from manmto 
(Heoht. A. 209, 309; Heoht a. Munier, f. U, 
1781). Colourless oil; si. sol. water, miscible 
vdth alcohol, ether and chloroform. On oxida¬ 
tion with chromic acid mixture it yields acetic 
and butyric acids., A solution of its No salt gwes 
white pps. with salts of Ca. Al, Zn, Cd .1 ^ 
Hg, Pb, andvAg; a brown pp. with FcCl„ a 
* with NiClj, and a blue pp. with 


green pp 

^^''^^aits.-KA': very deliquescent, y. e. 
sol. water.-NaA'i very deliquescent.-LiA^ 
crystalline,, v. sol. water, m. , 

CaA' 14aa • S. JH‘9 at 1°; 13-9 at 6-7 ; 12 1 at 

U-8at*2V; 61 ot lOOV-SrA 2aq; 

^oapid needles. S. 

cryBtaUine af'gregates. S. {of BaA.,) 30 at 1 . 
^^^Me^yl ether MeA'. (157° i.V.). S.G. 
^'Tlhyl ether Tttk'. (173» i.V.). S.G. ^ 

her PrA'. (m» h V-)- S.G. 

^'isoproppl ether VtM. (177"). S.G. 

•859. ^ 

Heptolc acid.C,H ,402 t*c. if’ 

Pr.Oa.CHMe.OO,H. (210"’cor.). Formed from 
methyl-butyl-aobto-acetic ether and cone, alco- , 

hoUo KOH.^ Formed from 1®'"“’??.®mg’ i 
with HOy, decomposing the resulting 0,H„NQj 
S fS HOlAq, ^ tedaciug the product j 


with HI and phosphorus (Kiliani, B. 18, 306#, 

19. 221). oa.-CaA',6aq; long needles. S. 

(of CaA'J 7-8 at 17 - 6 °.—SrA',6aq. Tto acid 
should be identical with the preoedmg, but dees 
not Bocm to be so. 

(ci5tffcitcHA.rCo.H(?) * 

acetic or iso-mnaMyhe ac«f. 
cor.b S.G. “ ’926. Formed when CU is ^ 
pasLd at 180° over NaOAo mixed with 
NaOCaH,, (Poetsch, A. 218, 67). 

Salts.—NaA'aq.—CaA'jS^aq. 

Methyl ether MeA^ (160°-167*6 cor.)* 

^'^thyTelher EtA- (182» cor^. S.G. « 

1872. Not attached by alcoholic EH, at 120 . 

Heptoic aoidO,H„0,. (210°-213“). Formed 
from isoheptane (Cthyl-isoamyl) PnOHAr by 
chlorinating, displacing Cl GHj“nd Midisi (, 
the resulting heptyl alcohol 
166,168). Oil, witli unpleasant odour. Proba 
bly identical with isoheptoic iici(i.-CaA.2aq. 
simvU noedles.-AgA': small iieedlce. The 

barium salt is amorphous. 

•Hoptoic acid (CH,).jCH.CH,,.CH;.CHj.COjH. 
lioamyl-acctic acid. An oil,# formed by 
troatiiK' acetic ether with sodium^ and isoamyl 
iodide siiecessively, the resulting 
acetic ether hemg saponified (FianUaiici a. 
Duppa, A. 138, 33H). Probably identical with 

the acid of l^oftsch. __i 

Heiitoicacid C,H,.0,. (•209»-213°). Formed 
bv oxidising the isohoptano (90") in ' 

vanian petroleum (Schorleinmer, C. J. 2b, 313). 
Iw Larium salt is amorphous. The calcium 
fait crystallises by spontaneous evaporat o.i 
in long^ranspateiit needles or pnsnis. ihe 
silver salt is a flocoulont pp. 

Heptoio acid C,n,,0, 

f:^;f:‘rSrrh“^tylcCi;"oonverto^^ 

toe rLititing CMoEt,01 into 

iodide; heating th« compound with KCy for a 
week; and digesting the CMeF‘,Cy 

Inmin" HClAq (Idunoff, Bl. [3j 4.)Uj. 

on BaA' 5aq: separates on rapid coolinK in 
fteilate gmaps of flat needles; on slow cooling m 
flatm-isSf-KA': very soluble, and non-crys- 
talline —KHA'j: stellate groups of needles.— 
The silvefsa^t is si. sol. boiling water, sepa¬ 
rating as tufts of small needles.—The lead 
saU is a white pp. sj. sol. oold water, the 
solution becoming turbid when heated. 

,cH”;:&mlc£'&4i7). (2M 

u .iicicino 00 over a mixture of NaObt ana 
ffi^^Serar^t 160" (Loess, A 202, 321J. 

(186°-23(>°). Obtained, together with COj and 

Ss^me c^stamaable and v. sol. water- 
S.*'8^f- Snail needles (Wysohnegradsky a. 

^7 170 ).-ZnAV nodules, si. sol 
cold water t the aqueous solution deposits e 
gto^pp. whenleated.-AgA': pulverulsn, 
pp., ihiol. water. 
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Heptoie acid' OHj.CH,.CHj.CHEt.COJi. 
KthyUpropyUaceUe acid. (209® cor.). From 
etbyl*propyU&ceto*acetic ether by saponifioation 
with oono. alooholio KOH (Kiliani, B. 19,227). 
on.—OaA'.^2a(i: soft needles. 8. (of CaA'-) 11*4 
atl9-6®.-SrA42aq: snfiUprW S. (oflAU 
27*9.—PbA'jSaq.—O uATT he silver, barium, 
and lead salts form polourless needles. The 
acid is perhaps identical with that of Heoht. ' 

HcfcTCTices . —Amido-, and Bbouo-, hspioio 
Aoms. 

HEPTOIO ALDEHYDE C,H,,0 U. 
CH,.CH2.0H2.CHj.CH2.CHj.CH0. • (Enanlhol. 
Mol. w. 114. (165°). S.G. 2° -8405 (Briihl); 

if -8226; U -8168 (Perkin, C. X 45. 477). • V.D. 
4*14 (calc. 3*95). 1-430% 55-69. M.M. 

7*422 at 16-2®. The name conanthol is due to 
the belief of Liebig that’hdptoio acid was the chief 
product of the saponification of fu^l oil from 
wine (Liebiga. Pelouze, i. 19,241). Obtained by 
distilling castor oil (Bussy, A. 60, 246; J. Ph. 
13, 62; [8/8, 821; H. Sohifif, Z. 1870, 77; Krafft, 
B. 10, 2035). Purified by preparing its com¬ 
pound with NaHSO,, which is subsequently dis¬ 
tilled with NSjCOj (Bertagnini, A. 8^ 281). 
Dried ov^r Na 3 S 04 and rectified (Erlenmeyer a. 
Sigel, A. 176, 342). The yield is 12 p.o. of the 
castor oil (Jourdan, A. 200,102).. Oil, miscible 
with alcohol and ether. Has a sftong odour. 
When moist heptoio aldehyde is exposed for a 
long time to a low temperature it deposits crys¬ 
tals of a hydrate ^aq (? heptoio orthalde- 

hyde) (Bouis, A. Ch. 44, 87). Heptoio aldehyde 
reduces AgNO,, forming a mirror. 

Beactions.—l. Heptoio aldehyde is poly¬ 
merised by prolonged contact with KoCOj. The 
product is a cryst^ine solid [63°] which, when 
heated, begins to decompose at 115° into heptoio 
aldehyde, the aldehyde OjjHj^CHO.and an alde- 
hyde CjgHj^Oj (o. 835° at 250 mm.). The solid 
polymeride when treated in acetic acid solution ' 
with sodium yields heptyl alcohol and a sub- I 
8tanceOj,H„0,(Bruylant5,B.8,414;lPerkin,jun.,! 
C* X 48,67).—2. AIcoholAs (1*5 p.c.) potash yields 
tetradecenoio (amyl-hexyl-acrylic) acid 
its aldehyde OnH^gO, the aldehyde 
and heptoio acid (Perkin, jun., C. X 43, 67; B. 
16, 2806).—3. Cone. KOHAq also forms con¬ 
densation products, together with heptoio acid. 
4. Solid KOH polymerises heptoic aldehyde even 
at C^, forming a solid and a liquid polymeride. 
Each of these bodies when distilled gives heptoio 
aldehyde, tetradecenoio aldehyde, and G 2 „Hr,. 0 , 
(Borodin, B. 6, 481; 6, 982). Solid KOH at 
120® forms an oil GifH^^O which boiI% with de¬ 
composition, at 260° (Tilley, P. M. 33, 81; A. 
67,109).—5, ZnClj forms the aldehyde 0,4H,eO. 

6. Cold cone. HKO» forms a solid isomeride 
* metcsnanthol.*—7. Dilute chromic acid mixture 
forn^s heptoio acid.—8. Whei# left for sdlne 
weeks in contact with quicklime, there is formed 
heptyl alcohol, heptoio acid, heptylene (95®-100°), 
octylene (122®-126°), ennylene (146®), and the 
ketone (Fittig, A. 117,76).—^9. In acetic 

acid solution sodium reduces it, forming bepjyl 
alcohol, tetradeoenyl alcohol OfaHjjOPLOH, and L 
tetradecenoio aldehyde GnH^jCHO (Perkin). In ^ 
a wet ethereal solution Na forms heptyl alcohol, 
heptoio acid, tetradecenoio aldehyde, and a body 
G„H 440 .— 1 <). PClf forms di-dxloro-heptane 
0 «H||CH 04 —IL POiiBr, forms O^HuOHBfi. 


OhUmne latma oily 0,H„C1,0 (A. W. Williamson, 
■4* 61,44).—12. Resorcin anXdilute HCl form a 
r®8inin the cold (Michael a. Eyder, Am, 9,134). 
13. i^ptoio aldehyde (20 g.) heated with tii- 
methylene glycol (30 g.) at 160® gives rise to 

an oil, (o. 216"), S.G. 
s *933. With glycol^ in like manner, it forms 
(Loohert, A. Oh. [6] 16, 35, 

62).—14. HaOAo and AojO at 170®give ennenoic 
acid (Schnee^ans, A. 227. 85).—16. Ao^ and 
barium succinate give hexyl-paraconio acid 
(Sohneegana),—16. Aqticous ammonia (150 g. of 
S.G. -89) added to cooled heptoic aldehyde (80 g.) 
forms an *oily layer of heptoio aldenyae 
ammonia*C4H,3.CH(OH)NH2 (Erlenmeyer a. 
Sigel, A. 176. 343).— 17. Dry ammonia passed 
into dry hepfoio aldehyde forms heptoio hy- 
draraide (CJIjjCHjaN^, which boils above 400° 
an^does not combine with acids. The hydramide 
is converted by boiling water into a yellow oil 
C,,n 4 ,NO, and by water at 125® into C.,gHs,NO, 
which is also ayollow neutral oil (Schill, ,4. Suppl. 
3,367; Suppl. 6,24).—18. Colourless ammonium 
sulphide in concentrated solution forms heptoic 
thialdine Cj,H 4 ,NSj a colourless oil, S.G. 
•896. It forms a hydrochloride B'HCl, which is 
insol. water, and crystallises from alcohol in 
needles (Schiff).—10. A solution of heptoio alde¬ 
hyde saturated with ammonia is converted by 
hydrogen cyanide into oily C«H, 3 CH(NH 2 ).CN, 
and another oil C^H^Nj (Erlenmeyer a. Sigel, A. 
177, 111).—20. If heptoio aldehyde (100 pts.) be 
mixed with a little PCI^ (1 pt.) and dry hydrogen 
sulphide be passed in, there is formed the com- 

pound C,H„.CH<g>CH.C.H,„ (200"-260°). 

S.G. ^ -875 (Schiff).—21. An alcoholic solution 
of heptoic aldehyde, on saturation with HCl, 
yields CjHjgCHChOEt), a light oil, which is de¬ 
composed on distillation into a mixture of hydro- 
carbons and other bodies (Williamson; Schiff, 
Z. [2] 6, 74).—22. ^honphoninm iodide at 0® 
forms (C 4 H„.CH. 0 H)jPI, which crystallises in 
minute leaflets, [122°j,inSo1. water, si. sol.ether, 
V. sol. alcohol (Girard, A. Dh. [6] 2, 40).— 
23. Isoamylamine forms C^IjtCIIcNCjHij, a 
yellow, non-volatile, basic oil (Schiff, 140, 
93).—24. Heptoic aldehyde (70g.) heated with 
aniline (67 g.) and HOAc (150 g.) at 100® forms 
CHH, 4 .CH(OH).NHPh, a ted oil with pleasant 
odour (Leeds, A. 0. X 5, 2).-^5. By heating 
with anilim or di-phcnyl^rea there is formed 
C4H,4.CI1:NP1 i (or (C,H,,.CH),(NPh),), a neutral 
yellow oil, whiclucombines with isoamyl iodide 
at 100° forming OjgH 58 N 2 C..Hj,I (Schiff, A. 148, 
836; Suppl. 8, .351).—2& Benzoyl-aniline toxms 
C 4 H„.CH(lH?hBz) 2 , which*i8 split up on distil¬ 
lation into fizjjO and (C„H|8.CH)8(NPh) a (Schiff ). 
27. Ethyl-aniline fdrms C,H,3.0H|!W'!ftEt), 
(215°-220®)? a neutral oil.—28. Allyl-aniUne 
forms Cj,H,j.CH(NPhCjHj)j, a neutral oi l,— 
29. Di-phenyl4hxo-urea in the cold foiCHP 

C^Hu-CHC^^^^CS, a neutral solid, sol. ether 

(Schiff).—30. Xyfidincingfacial acetic acidforms, 
aooordmg to Leeds (A. C* X 6,2], a red liquid 
CJS}|.GH(OH).NHC 4 H 3 Me 2 with pleasant odour. 
81. {ayNaphihylamine in HOAc forms, in like 
manner 0^i|.CH(OH).liHCigHy, a red liquid. 
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Bm«lling Ukepme-apples (Leeds).—82. {a)-Napli- 
thylamine add^ to a dij ethereal solution of 
heptoio aldebjOT forms a yellow, amorphous, 
neutral substance (G 6 H,».OH} 2 (NOioH,) 3 ; insol. 
water, sol. alcohol and ether (Papasogli, A. Ill, 
189).—83. Treated with di-methyUaniline in 
presence of ZnCl, there is formed (together with 
products resulting from the polymerisation of 
the aldehyde) a condensation product G 2 |H.,,N 3 
or C,H„.CH(C,H,NMe 2 )j. This forms long 
colourless needles [59'6®], (276® at 15 mm.); si. 
sol. cold alcohol, insol. water. On oxidation 
this base does not yield the con esponding car« 
binol, but gives a passing colouration and an 
odour of cenanthol (Auger, Bl. C2] 47, 42).— 
84. ZnEtj followed by water forms the alcohol 
0,H,,.OHEt.OH (195®) (Wagner, B?17, Ref., 815, 
Eef.).—85. Heptoic aldehyde (75 g.) heated with 
MiUine (20 g.) and oono. HClAq (60 g.) for 2 hours 
at 100® forms amyl-hexyl-quinoline (Dcebner a. 
Miller, B. 17,1719). 

Contbinctlions with sulphites. —The 
combinations with bisulphites of the alkalis may 
be obtained directly, or by passing SO.^ into an 
^coholic solution of heptoic aldehyde containing 
potash, soda, or NH,.—CflH,,.Cn(OH).SO,Naaq: 
brilliant unctuous scales; v. sol. water, v. e. sol. 
hot, nearly insol. cold, alcohol. Decomposed by 
acids and alkalis, with liberation of heptoio ah 
dehyde. With BaCl^ its solution gives a pp. of 
(C,H„SO,),Ba, whence H.^SO^ liberates oily 
C,H, 4 SOt, a compound which is also formed by 
passing SO^ into an aqueous solution of heptoic 
aldehyde (Mendelejeff, A. 110, 241). — 
OjHjjSOjNH^: small shining prisma,^ al. sol. 
water and alcbhol. Decomposed by boiling water 
into heptoic aldehyde and acid ammonium sul¬ 
phite. When heated with potash-lime at 205® 
it yields tri-hexyl-amine (Petersen a. Gossmann, 
C.C.1857, 193).—{0,H„0),S02(NH2Ph),: noo¬ 
dles. Obtained by mixing heptoic aldehyde with 
an ethereal solution of aniline sulphite (Schiff, A. 
140, 129).—0,H,jSO,NH,Ph: usually obtained 
in attempting to prepaia the preceding (SchilT, 

A. 210, 127). Decompused by water at 05® into 
C.H,,.CH:NPh and crystalline 

CeH„.C»(OH).SO,NH.Ph aq.— 
0 ,H,..CH(OH).SOs.N^.CH 2 .COoH : crystalline 
mass, insol. ether, si. sol. alcohol. Obtained 
by dissolving heptoic aldehyde in an aqueous 
solution of glycocoU saturated with SO^ (Schill, 
4.210,125). .> 

Phenyl’hydytBide C^j.:N.NH(C,H4). 
(240® at 77 mm.). 6il. Formed oy the action 
of phenyl-hy^azine on cenanthol (Eeisenegger, 

B, 16, 663). 

Oxim, 0,Hh.NOF[. [60®]. (196® cor.). 

Formed by the acKon of hydroxylamine (base) 
on mnanthol (Weatenberger, J3.10, 2992). Large 
wMte^bles. Sol. alcohol, ether, and hot water. 
With FejClj if gives a rose-red colturation. HCl 
resolves it into its constituents. ^ By the action 
- A Ao^O it is converted into the nitrile of heptoio 
acid (Lach, B. 17,1672). 

Sithyl ether C,H„.NOEf. (186»). Oil. 

H£FI0LACI0H‘£ ». Lactone ot Oxi-hemoio 
aozn. f 

HEPIOSEKE 0,H,. i.e. 

CH,;CH.CH,.CH:CH.CTt:Cn,. ITeptone. (US'). 
Eroin di-alfyl-carbinyl chloride and alcoholic 


EOH (SaytzeS, A. 186, 144). Bromine lormi 
liqnid 0,H„Br,. 

Heptonene 0,H„.C|0H. (o. im. S.O. « 
•7468. iij, 1'4207. From heptoio aldehyde and 
PCI, followed by alcoholic KOH (Briihl, A. 235, 
10). , 

laomeride; Toi,DBi|E dibtoeide. 

HEPTONITEILE « Nitrile of Heetoio icin. 

HEPTOTI. The radicle C.H„,CO. 

HEPTOYL-ACETIO ALDEHYDE. Sodium 
derivative C,H„.CO.CHNa.CHO. Obtained by 
treating methyl hexyl ketone (1 mol.) and formic 
ether (1 mbl.) with NaOEt suspended in ether 
(Meyervfitz, B. 21, 1144). Phenyl-hydrazine 
conrerts it into phenyl-heiyl-pyrazole 0„Ha,N.„ 
a.thick oil (319°).'*' 

HEPTYL. The radicle 0,H„. 

Diheptyl v. TExaliDECAKE. 

HEPfYL ACETATE v. Heptti aloohol. 

HEPTYl-ACETICACID V. Ennoio acid. 

Di-heptyl-acetic acid v. HEXADEfoic acid. 

HEYTYI-ACETO-ACETIO ETHEE v. Aoeto- 
acetic acid. 

HEPTYL-ACETONE v. Meihvl octyl eetone. 

«.HEPIYL ALCOHOL C,H,.0 i.e. 
CH,.ClI..CI(.,.Cn,.CH.CII..CH,.OH:. > Mol. w. 
IIG. (175-8‘ i.V.) (Zander, A. 22i, 84); (17C 6» 
i.V.) ((xrinishaw a. Kchorlommer, C. J. 20,1081); 
(175-.-,'’) (C. F. Cross, C. J. 32,123); (170° cor.) 
(Perkin). S.U. g •8842 (Z.); 2-838 (C.); «-8308; 
.;.J •8252 (P.). M. M. 7-850 at 12-G°. O.B. (0°- 
ib°) ■00083 (Z.). S.V. 108-3 (Z.). Occurs to a 
small extent (l-5g.) in brandy (100 litres) (Ordon- 
ncan, 0. B. 102,219; cf. Faget, Bl. 18G2, 69). 

Formation. —1. By reducing heptoio aide, 
hyde (cenanthol) in acetic acid solution with 
sodium-amalgam; the resulting hcptyl acetate 
being saponified with potash (Schorlemroer, A. 
177, S04 ; c/.Bouisa, Carlet, A. 124,352; Jourdan, 
A. 200,102; Sorabji, C. J. 47, 41).—2. By re- 
dneing heptoic aldehyde with zinc-dust and 
HOAo (Kraiit, B. 16,1723).-3. From «-heptyl 
chloride (Sohorlommor a. Thorpe, T. 174, 270). 
4. Among the prodiicts ot the distillation of 
sodium ricinoleate with NaOH (Chapman, B. 
1866, 737; Wills, 0. J. 6, 307; Petersen, A. 118, 
69; Bailton, C. J. 6, 205). 

Properties. —Liquid; gives n-heptdic acid on 
oxidation. 

Acetyl derivative C,H|,OAc. {101-5° cor.) 
(Cross); (191-3° cor.) (Gartenmoister). S.G. 
IS -874 (0.); 8 •8391 (G.). S.V. 221-0. C.i:. 
(0°-10°) -00096. When obtained by heating 
heptoio aldehyde (cenanthol) with zino and 
glacial aOAc it boils at 180° according to Bonis 
a. Carlet (0. B. 66,140). The rate of formation 
of this ether has been studied by Mensehutkiii 
(Z. P. C. 1,611). 

Methyl derivative 0,H,,OM6. Methyl 
heptyl oxideJ (161°) (W.); (160°) (D.). S.G. 
a?-830 (W/': 8 -7963 (D.). O.E. (0°-10°l-001 
(Dobrincr, A. 243, 3). From NaOO,H„ and Mel 
(Wills, C. J. 6, 307). ,, 

Ethyl derivative Ethylheptyl 

oxide. (166°). S.G. “ -790. From »-heptyl 
iodide and NaOEt (Crosl). Wills obtained from 
NaOO,H„ and EtI a compound (177°); S.G. 
12 -791. 

n-Iso-heptyl alcoholOH,.{OBy,.OfiMe.CH,OH 
! or (CH.,)..On.(CH,),.CH,OH. (165°) (G.); (IGf ) 
‘(S.). S.G. 152 -829 (S.). Obtained, together with 
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methyl • iso • amyl • carbinol, by passing dry ' 
chlorine into the vapour of boiling isohcptaiie 
(CH,) 2 CH(CH 2 ) 8 CH 3 , converting the resulting 
mixture of chlorides into acetates, and saponify* 
ing these (Grimshaw, A. 166,167; Schorlemmer, 
Pr. 14, 164, 464). It gives a hoptoio acid (210°- 
213°) on oxidation. | 

Acetyl derivative 0,H,j,OAo. (179°).' 
S.a. 1£? -871. 

Heptyl alcohol C,H,iOH. (1G5°-170°). Ob¬ 
tained by chlorination, <&c., from the heptane 
(90°) which occurs along with n-heptane in 
Pennsylvanian petroleum (Schorlehimer, O. J. 
26, 819). Perhaps identical with the preceding 
alcohol. Gives on oxidation* a heptoio*acid 
(209°-218°). • • 

Acetyl derivatit^e {JyHjjOAo. (180°). 

Scc-heptyl alcphol CH 3 (OH 2 ),CHv*OH).CH,. 

Methyl-amyl-carbirio}. (161°) (Schorlemmer, 
0. J. 26, 319; A, 161, 279); (167°) (Schor- 
lemmer a. Chorpe, T. 174, 270). Formed from 
the scc-heptyl chloride which is obtained by 
chlorinating n-heptane. Formed also from 
petroleum heptylene by treatment Vith cold ^ 
cone. HClAq, and heating ^Yith HIAq at lt?0° tlio ; 
portion which does not combine with HCl; the | 
resulting iodide is then heated yith Pb{ 0 Ac )2 j 
and the acetate saponified (Morgan).e On oxida- i 
tion it gives a ketone (151°), and finally acetic I 
and n-valerio acid. 

Acetyl derivative CjHjjOAc. (170°). 
(Schorlemmer, A. 183, 254). 

Scc-hoptyl alcohol Pr.CII,.CH2.CII(OTI}.C15^. 
MethyUisoamyl-carhinol, (147^'); (148°-154°) 

(P.). S.G. *8186. One of the alcohols ob¬ 
tained fi^m isoheptane Pr.CHj.Pr by chlorination 
(fee. (Grimshaw, C. J, 20, HQ9). Obtained also 
by reducing methyl isoamyl ketone with sodium 
amalgam, the yield being 72 p.c. (Rohn, A. 190, 
309; Purdie, C. J. 39, 467). Gives on oxidation 
methyl isoamyl ketone (143°) and finally acetic 
and isovaleric acids. * 

Acetyl derivative €,HnOAc. (167°). S.G. 

i”-ssas. 

Scc-hoptyl alcohol C,H,jOH i.e, 
Bt.CH(OH).CH 2 Pr. EthyUbutyl-carhinol. (141°). 
Formed trom petroleum heptane by successive 
conversion into heptyl chloride, heptylene, hc)ityl 
chloride, and heptyl acetate (Morgan, C?. J. 28, 
801).* On oxidation it gives a ketone (141°), 
and finally acetic and n-butyric acids. 

/fiisc-heptyl alcohol C,H,jOH. (149°). Formed 
together with a primary alcohol (165 -170°) 
from one of the heptanes (90°) in Penn^lvauian 
petroleum, by chlorination, &c. (Schorlemmer, 
C. J. 26, 319). Gives on oxidation a ketone 
(142°-146°), and finally nothing but acetic acid. 

Sec-heptyl alcohol PrjCH.OH. Di‘propy^- 
sarbinol. (160°) (K.); (164°) (S.); (155°) (U. a. 
S.). S.G. -8188; "jf *8106 (U. aoK.); -814 

(K.); 2 *833’. Formed by the action of sodium 
on di-propyl-ketone mixed with a little water 
(Friedel, A. Ch, [4] 10, 310; Kurz, A, 161, 205), 
or by treating ?i-butyryl chloride with zinc propji 
followed by water (Stolferbakofi(, Bl. [2] 84, 847; 
87, 844). Formed also from di-propyl ketone 
(1 mol.), propyl iodide (3 mols.) and zinc 
(Ustinoll a. Saytzeff, J. pr. [2] 84,468). Oxida¬ 
tion produces di-projjyl-ketoue, and finally pro-, 
pionic and butyric acid. 


Acetyl derivative (170°-172°). S.G. 

•8587. Volatile liquid, with c^phor-likc odour, 
si. Bolj^water, miscible with alrohol. 

5ec-h©ptyl alcohol Pr 20 II.OH. IH-isopropyU 
carbinoL (131°). S.G. ^ *8323. Formed by 
reducing di-isopropyl-ketone by sodium-amalgam 
(Munch, B. 7, 1370; A. 180, 333). Liquid, 
smelling like peppermint, si. sol. water, v. sol* 
alcohol and* ether. Chromic acid mixture 
oxidises it to di-isopropyl-kcton©. 

Bec-heptyl alcohol Pr.CHj.CEtH.OH. EthyU 
isobutyl-carbinol. (148°). S.G. 2 *827. Formed 
by treating isovaleric aldehyde with ZnEt, and 
water successively (Wagner, Bl. [2] 42, 330). 
On oxidaticyi it gives ethyl isobutyl ketone, and, 
finally, acetic and isovaleric acids. 

Acetyimerivative C,H, 40 Ac. (163°). 

Terf-heptyb alcohol CEt,OH. Ti i-ethyUcar- 
binol. (141°-143° i.V.). V.D. 3*74 (for 4*01). 
S.G. -8389; * 5 ° *8299 (B. a. S.); 2 -859 (N.). 

Formation. —1. From di-ethyl kotono(imol.), 
EtI (3 mols.) and zinc (BarataolT a. Saytzeff, 

J. pr. [2] 34, 463).—2. From and pro- 

pionyl chloride (Nabapctiaii, Z. [ 2 j 7, 274; A. 
162, 44). 

(livgs on oxidation COj, di-etbyl ketone, 
heptylene, propionic acid, and acetic acid. 

Acetyl derivative C,H,jOAc. (160°- 
163°). 

2'crt-heptyl' alcohol I’r.ClI^.CMc.OH. Di- 
mcthyl-isobutyl-carhinol. (130°). Fi'om pseudo- 
heptylene Me.,C:CH.l*r by passing gaseous HI 
into the hydrocarbon, and dcconiposing the 
resulting iodide with moist Agp (Markownikolf, 
Z. 1871, 268). Formed also by dropping iso- 
valeryl chloride (1 mol.) into cooTed zinc methyl 
(2 mols.), leaving the mixture to itself for a 
month, and then decomposing it with water 
(Bawloff, A. 173,192). Colourless liquid, lighter 
than water and nearly insoluble therein. Smells 
like camphor. Gives acetic and isobutyrio acids 
on oxidation. 

2 ’<jrf-heptyl alcohol CMe 3 .CMeaOH. Du 
niethyl-tert-butyl alcohol. Penta-methyUethyl 
alcohol. [17°j. (131°).* Fomed by the action 
of ZnMe, on CMe 3 .CO.Cl, the product being de¬ 
composed by water (Butlero*, A. 177, 176). 
Formed also from a-broino-isobutyryl bi^imide 
by treatment with ZnMe,. followed by water 
(Kaschirski, C. C. 1881, 278); and from 
CCL.COC1 (1 mol.) and ZnMe.^ (5 mols.) (Bogo- 
molctz, A. 209, 78). The oily liquid^ obtained 
by any of these processes is Jistilled with steam, 
and a hydrate 0 ;H,p ^aq is got which crystal- 
Uses in long prisms, si. sol. water, v. sol. alcohol 
and ether; it has % burning taste and an odoor 
like camphor. This hydrato melts at 83° and 
begins to boil at 100 °, giviwg ofi water, and at 
130° the anlierdrous alcohol passes over. Tha 
dehydration may also be*effectod by leaw^Ae 
hydrate in a^losed vessel over Iferyta at 100 °. 
The anhydrous alcohol is hygroscopic, readily • 
changing to glistening leaflets of the hydrate, mm 
Terf-heptyl alcohol 0 ,HijOH i.e. 
CHMeEtCMejOH. (139°). S.G. 2 *8487; ** 
<329. Formed by treating a-bromo-n-outyrio 
bromide with ZnMe, followed by water (Ka- 
Bohirski, 0. 0- 1881, 278).* Oil, smelling like 
camphor. Gives methyl ethyl ketone, acetone, 
and HOAo on oxidation. Gives rise to a heptyl- 
1 ene {92°-95°). 
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Tert-heptyl alcohol MeEtPrC.OH. Methyl -1 * 

ethyl-prml carHnol. (13B»-1S83 (P.)i (UO") Cn,(CH,),CIICl.CH,. I'onnod as a^ovo (Schoi- 
(SX ^S.G. 23 •828'; si -811. Froni fbutyryl lemmer a. lUorpe, 217, 150). Not obtained 
ohloriao, ZnMej, and ZnEtj, iollowcd by water I the orecedintt, the mixture of the two 

(PawloS, A. 188,122). Formed also by treating 
ethyl propyl ketone with Mel and zinc (Sokoloff. 

r T> 100<T eO'7\ /i:«Aa o lanrtlvlAnA 


Oblijl ptupjl BkOgUUO WlUli U1.CJ. Ckliu Axu^ 

J. B. 1887,587). Givesrieetoahoptylene (75°- 
80°). Chromic aoid oxidises it to acetic and pro-; 
pionio acids, COj, and some ethyl*propyl ketone, 
together with a small quantity of a heptylene 
C^,4 (97-4°), S.G. 2fi -718; 2fi -709. ^ 

Acetyl derivative OMeEtPrOAo. )• 
Terf-heptyl alcohol MeEtPrC.OH. (124°- 
127°). From isobutyryl chloride, ZnMe^, and 
ZnEtj (P.)o Gives rise to a hoptyler.e (75°-80°). 

He/crenccs.—TETRi-BBOMO-HEPTTL ALOOHOI. 

and Chloro.hefttl alcohol. 

b-HEPIYI-AMIHE (154°) (H.); 

(166°) (H. a. D.). , . , , 

Preparation.—1. A mixture of equal mole, 
of ootoio amide and bromine is run into an ex¬ 
cess of a 6 p.c. solution of KOH at 00°; the 
yield is 30 p.c. (Hofmann, B. 16, 772; Hooqe- 
wer2 a. Van Dorp, B. T. C. 6,386) .-2. An alco¬ 
holic solution of B-heptoio aldeliyde-plienyl- 
hydrazide is reduced by means of -sodium- 
ii.Tnft]gn.m and acetic acid at 26°-30°; the yield 
is 23 p.o. of the theoretical (Tafel, B. 19,1928). 

Prcrasrftss.—Liquid ; forms a carbonate on 
exposure to the air. —B'.jH,PtCl,; blackens be- 
tween220°-230°.—Piorate B'C,H,N,0,: needles 
[ 121 °]. 

Heptylamine 0,H,.Nn,j. (146°). Formed 

by heating heptyl chloride (from petroleum 
heptane) withi ammonia at 120’ for several 
days • di- and tri-heptylamines being also pro¬ 
duced (Schorlemmer, C. J. 16, 221; cf. Cahours 
a. Pelouze, A. Ch. [4] 1, 6). Light oU, smelling 
like ammonia, m. sol. water, but separated from 
its aqueous solution by KOH.—The hydro¬ 
chloride crystallises in small scales, t. sol. 
cold water.—B'jHjPtCl,: small yellow scales, si. 
sol. cold, y. soL hot, water; sol. alcohol and 
ether. 

HEPITL-BENZBNE C„n„ ».e. 0,H,,.C.H5. 
(110° at 16 nqtn.). Formed, together with 
C,H JC,H0„ by flic action of Aid., on a mix¬ 
ture of C,H„.CHC1, and benzene (Auger, Bl. [2] 
47 60: Kraflt, B. 19, 2982). When nitrated at 
!0° it gives 0,H„.C„H,.N0, as a yellowish oil 


iMuiiisnx n. WAS, Avv;. - 

free from the preceding, the mixture of the two 
boiling between 143° and 168°. When chlorine 
acts upon »-heptane (98°), from petroleum, a 
mixture of heptyl chltoides (146°-160°) is ob¬ 
tained (Schorlemmer, W. J. 26, 819; cf. Pelouze 
a. Cahours, A. Ch. [4] 1,6). When passed over 
heated lime this mixture* of chlorides gives a- 
mixture of heptylenes (96°-99°), with one of 
which HCl combines in the cold, forming a sec- 
lieptyl ohl6ride (188°-142°) (Morgan, A. 177, 
307). * 

koptyl chleride OyH„Cl. By ohlorinaUng 
the isoheptane (90°) in petroleum, there is ob¬ 
tained a mixture of heptyl chlorides (144®- 
158°), whence KOAoSeorms a mixture of heptyl 
acetates {160°-185°), whence a mixture of a pn- 
mary and a secondary heptyl alcohol may be 
got (Schorlemmer). 

Heptyl chloride C,H,jCl. By chlorinating 
isoheutane l’r.CH 2 .Pr there is formed a mixture 
of heptyl chlorides (140°-150°), whence KOAo 
givc 9 “a mixture of acetates {160°-175°), from 
which a primary and a secondary heptyl alcohol 
may be obtained (Schorlemmer). 

Scc-hentyl chloride Pr.CIL..CH 2 .CinieCl. 
(130°). From the corresponding alcohol and 
HCl (Rohn, A. 190, 312). 

VVrf-heptyl chloride CMcg.CMejCl. [13o ] 
(K)- [123°] (E.). From the corresponding alco¬ 
hol and PCh (BuUerow, A. 177,176 ; Kaachirski, 
C. C. 1881, 278 ; EltehofT, J. B. 14,384). Small 
crystals. With aqueous AgNO, it gives a pp. of 

^*^^erf-heptyl chloride CMcEtPrOl. (135°- 
138°) S.G. 2 *899. From the alcohol and HCl 
(Kaschirski, J. B. 13. 90). 

n-HEPTYLENE i.e. CH,(CHj),CH:OH 2 . 
n-Amyl'ethylene. Mol. w. 98. (99°). S.G. 

-703. Formed fromn-heptano (of petroleum) 
by chlorinating, and heating the resulting mix* 
ture of heptvl chlorides with KOAo and AOjO at 
1G0° (Schorlemmer, C. J. 20, 322), or byT)as8ing 
them over heated lime (Morgan, 0. J‘,26, 303). 
The mixture of heptylenes so obtained is trcato<I 
with HCl, which combines only with t|/.heptylene 
leaving n-heptylene free. n-Heptylene occurs 
amonefyt the products formed in the preparation 
of oil gas (Armstrong, 0. J. 49, 74). n-Heptyleno 
_-.J4U TTP.i wtion hftnt.fld with fuminiz 


50° it gives 0,Hi5.C6H4.JNU2 as a yeiiowisn ou of oil gas (Armstrong, c;. 

178° at 10 rqm.)l whence tin and HCl produce combines with HCl when heated with fuming 
1 tr mr KW. nnrt° at 15 mm.h TTAUrt at lon®. With hvdriodic aoid at 120 it 


3,H»,.CeH4.NH2 (175° 15 mm.). 

n-HEPTYl i^bMIDE C,H,s3r. Bromo- 
keptane. (179°). S.G. 1*133. Fromw-heptyl 
dcohol and HBr (Cross, C. J. 32,123). 

Sflc-heptyl bromide OjH|, CHBr.CH,. (167°). 
B G. id 1*422. Prepared by the action of bromine 
on boiling n-heptane (Venable, n^. 13, 1649). 

bromide Me.O.ClJf ^r. [160°]. 

Prom panta-methyl-ethyl alcohol and PBr, 
IKaBohirski, C. 0. 1881, 278). Formed also 
from Me,C:CH.CHMe, and HBr. Solid, sol. 
alcohol, V. c. sol. ether. ■ 

ri-HEPTYL CHTdHtlDE 0,H..C1 ♦.«. <• 

CH.(GH,).CH,a Ch^o-^tam (159°). 

-881. Frdm B-heptyl alcohol and HOI 
(C P. Cross, C. J. 82, 123). Formed also, to¬ 
cher with CH,(C£y,OHCl.CH„ by chlormatmg 
heptane from Fmue Sabiniana. 


liciAq at 120°. With hydriodio aoid at 120° it 
forms 0 ,H„.CHI.CH,. With water it forms, ao- 
cordingHoLe Bel (C. B. 81, 967), a hydrate, 
wlwoh is resolved by heat into water, a resm, 

and an unsaturated alcohol (140°)._ 

1 ^-HeptyIene C 4 H,.OH':OH.CHj. (98'6 ). The 
ruxtnre of ohloro-heptanes from the heptane of 
Pinus Sabitdam, containing OH,(CHj),CHjCl 
and CH,((yi,).CH01.0H, if heated with alco- 
holio KOH at 100° forms a mixture of heptylenes 
and ethyl heptyl oxidoe. The heptylene, purified 
by distilling over sodium, boils at (98-6 ). This 
dieptylene, placed with fuming HOI m the dark 
for six weeks, isJbut sUjAtly aSeoted, only 10 p.o. 
. ^...binin g . On the other hand, petroleum hep¬ 
tylene combinea under the eame oonditions to 
I the extent of 60 p.c. But after several months 
i the first heptylene (from Pinm) is almost earn- 
I pletely combined with HCl, whUe more of the 
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petroleum heptylcne has oombined. Thus cold I 
HCl 'wUl not separate isomeric oleliiics. Piniis I 
lieptylene is oxidised by HjSO, and K,Cr jO, to 
Valerio and aoetio aoids o^y (Sehorlemmer a. I 
Thorpe, A.. 217,161; c/. Venable, A. G. J. 4,22). 
It rapidly absorbs OlOH in the cold (Qtissom, 
Am. 10, 226). 

Heptylene 0,H,,. 9rom heptylidene ohloridp 
and sodium (Limpriobi, A. 103,86). * 

I»o-heptylene yr.CHj.CH:CH.OH,. (91°). 
S.G. 14 *706. From EtOaH,,, by chlorinating and 
heating the resulting mixture ol heptyl chlorides 
with EOAo and Ao.fi at 160° (Grimshaw, 0. J. 
26, 313). The product, however, issprobably a 
mixture ; for a part only combines in the cold 
with HCl. • 

Heptylene C,H„ i.e. Pr.CK,.CH.,.CH-.aiI,? 
(75°-80°). From Fr.ea 5 .CH,.OHI.CHj and aloo- 
hoUo KOH (Bohh, A. 190, 314). ' 

Heptylene 0,H„. l91°). From the isohep¬ 
tane in netroleum (Sehorlemmer, C. J. 26, 320). 

if-Heplyleno Pr.OH;CMo, or Pr.CHj.CMe:CH,. 
(84°). S.G. a *7144. From di-methyl-isobutyl- 
carbinyl iodide and alcoholic KOH at 100° 
(Pawlofl, -4. 173, 194). Unites with B}, repro¬ 
ducing the parent iodide. 

Heptylene Pr.CH;CMe-. (82°). S.G. H-OOllS. 
From oxy-iso-octoic acid (C 3 H,) 5 C^H).CO,H by 
heating with water and a few dropi of HjSO, at 
180° (Murkownikofl, Z. 1871, 268). Unites with 
HI, forming FrOMe.I, and is perhaps identical 
with the preceding heptylene. 

Heptylene CMe^.CMeiOH,. (80°). From 
CMe,.CMejI and alcoholic KOH (Butlerow, f. B. 
7, 44; Kaschirski, C. G. 1881, 278). Formed 
also by heating CMegtCHMe with Mel and PbO 
at 226° (Bltekoff, J. B. 14, 382 j B. 16, 395). 
Combines with HI, forming CMe-.CMejI. 

Heptylene CMOjUMeEt. (75°-80°) (Pawloil, 
A. 188,122); (92°-95°) (Kaschirski, C. C. 1881, 
278). S.G. a VSSS; at -7188 (K.). From 
MeEtPrC.OH. 

Heptylene HCHtUMeEt (?)? (90°-95°). 

From MeEtPrC.OH (lf|. Socoloff {J. B. 1887, 
687> among the products of the oxidation of 
CMeEtPrOH'found a heptylene (97°), S.G. ^ 
•718 which on further oxidation yielded aoetio 
and propionic aoids but no ketone. 

Heptylene C,H„. (96°). S.G. -742. Occurs 
in the product of the distillation of aolophony, 
ariB separated from toluene by sulphonating the 
latter (Kenard, Bl. [2] 39,648; c/.C. B. 91, 419 *, 
Emmerling. B. 12, 1441). 

Heptylenes have also been obtained with the 
following boiling-points: (a) by strongly heating 
paraffin (94°-97°) (Thorpe a. Young, A. 165,11); 
(6) by heating heptoio aldehyde with limb (96°- 
100°) (Fittig, A. IV, 77); (c) by heating fusel 
oil mtti ZnCl, (80°-88°) (Wurtz, Bf. 6, 307); 
(d) by distilling a lime soap f»rmod from train 
oil (94° cor.) (Warren a. Storer,^. 1868,229). 

Be/erence.—BBOMO-Hr;PT«.mn!. 

HEPTYLENE BEOMIBE v. Di-bbomo-hep- 


HEPIYLENIO AOID 0 . Heptesoio iona 
DI-HEPIYL-HEHOIO ^IDEHYDE o. Hen* 
KOSBNOrO ILSEHTDE. 

HEPTYL HYDBIDE o. Hebtase. 
HEPTYllO ACID V. Hebioio usd, 
HXPIYUDENB. The radicle CAi-DB.' 


HEPTYLIDENE DI-ACETONAMINE ®. Aoe- 

TOKAUIBE. 

HEPTYLID£N£-Dl-AM«l£ Bi-bensoyt 
derfcofioe Oj,Hj,N,0, t.e. 0,H„.CH(NHB'4)p 
[128°]. Formed by heating heptoio aldehyde with 
benzamide (Medicus, A. 167,44). Insol. water, 
HClAq, and KOH; si. sol. boiling ether, v. sol, 
boiling alcohol. Split up by boiling HClAq into 
benzamide pnd heptoio aldehyde (cenantbol). 

Di-nitro-di-bemoyl derivative 
C,H.,.CH(NH.OO.O,H,.NO,),. [170°). From 

heptoio aldehyde and nitro-benzoic aldehyde. 

.HEPTYLIDENE BBOMIDE t>. Br-Bnouo- 

Wir.PTA MVt 

HEFTYLIDBNE GHLOBIBE v. Di-culobo- 

HEPTANJC.* 

H£FT7L1D£K£ THIOCAEBIHIDE 
C,H„.OH{NCS)„. From C,H, 3 .CH(NH.CS.KH,)., 
by wanning %ith alcoHol and HGl (H. 8cblff* B. 
11, 833). Oil, with disgusting odour. Combines 
wi^h NHj reproducing the parent subr.tance. 

HEPTYLIDENE-DI-THIO-DI-UREA 
C.;H.pN,0, ire. 08H„.CH(NH.CS.NH,)2. Formed 
by adding a drop of IICl to an alcoholic solution 
of tliio-urea and heptoio aldehyde (cenonthol) 
(H. Schiff, B. 11, 833). Decomposed by HCl 
forming the preceding body. 

HEPTYLIDENE-DI-UEEA C.,H ix. 

Cgn,3.CH(NlI.CO.NII.,),. [IGG"]. Formed by 
adding lioptoic aldehyde (cenanthol) to an aloo* 
liolic solution of urea. Small needles; v. si. sol. 
alcohol and ether. Decomposed by heat. Boil¬ 
ing dilute acids split it up into urea and heptoic 
aldehyde. When warmed with an alcoholic 
solution of benzoic aldehyde there is fonned 
C,H,.CH{NH.CO.NH.CH(C,H^.NH.CO.NH2)j ; 
a powder insol. water, si. sol. alcohol and ether 
(Schiff, A. 151,195). 

Di - heptylidene • tri - urea C,qH,,NgO, i.e. 
(NH.,.C0.NII.CH(C,H,3).NH),.C0. ^ [162«]. 

Formed by triturating urea wi^ heptoio alde¬ 
hyde. Crystalline powder. Boiling dilute aoids 
convert into it urea and heptoio aldehyde. 
Benzoic aldehyde forms C.,H.,.Cn|NH.CO.NH. 
CH(C..H,q).NH.CO.NHCH(C„H„).NH.09.NHj,|i 
a gelatinous substance <that swells up in water 
(Schiff). - 

Tri - heptylidene • tetra - urea 
[155®]. Formed, together with penta-heptyh 
idene-hexa-urea C 4 ,Hg,N,jOe [o. I60°], by heat^g 
either of the preceding uroides with heptoio 
aldehyde at 100®. Amorphous yelloVr powder; 
insol. water, si. sol. alcohol aflid ether. - Swells 
up in cold, water (Schii?^ cf. Leeds, JB. 16, 293, 
who questions the above formula). 

n-HEPTYL IODIDE C,H,sI t.e. 
CH,(CH,)aCH,I. (203-8®). S.G. % 1'4008. S.V. 
198*6. O.E. (0®-10®) •*00091. From n-heptyl 
alcohol and HI (Cross, A. 189, 4; Dobriner, A. 

n-Jee-heptyl idhide OH,.(OH 2 )^OHf.OHj. 
(98®at60 Am.). From theoorrespondlngbromide 
by treatment with KI (Venable, B. 18, 164y . 
Converted by KaOEt into heptylene. VfcBa 
distilled under atmospheric pressure it splits up 
into HI and heptylene. • « 

Heptyl iodide C,H,jF. (170®). Obtained from 
heptylene (from petroleim heptane) and HI at 
100° for 12 hours (Sehorlemmer, C. J. 16,220). 

Heptyl Iodide (190®). Obtained by 

the action of iodine and phosphorus on the 
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heptyl alcohol ietiTod trom heptane o( pe¬ 
troleum (Schorlemmer, C. J. 16,219; cf. Pelor- 
een, A. 118, 74). ^ Heavy oU; alcoholio AgNO, 
aeparates the whole ol its iodine as Agl. 4 

Heptyl iodide U. Pr.OHI. (180°) 

(K.); (186°) (F.). 8.0.221-2. From di-propyl- 
oarbinol. I, and P (Sorts, A. 161, 205 j Friedel, 
A. Ch. [4] 16, 310). 

Heptyl iodide 0,H„I t.e. Sr.CH,.CMe,I. 
Prom ^-methyl-isobatyl-oarbinol and HI (Paw- 
lofl, A. 178,192). Also from MejCH.OH:CMejand 
HI. Heavy oil. 

Heptyl iodide OMo,.CMe,l. [142°]. From 
the aloohol and HI (Butlerow, A. 177, 184; 
Kasohireki, C. C. 1881, 278), Soli^, smelling 
like camphor. 

Heptyl iodide Fr.CEL.CH,.CHiae. (166°- 
176°). From the aloohol and iodide of phos¬ 
phorus (Bohn, A, 190, 813). 

Heptyl iodide MeEtPrCI. (146°). S.G. 

2 1-93; 22 1 . 373 . From the aloohol and. HI 
(Kasohireki, J. B. 13, 90). Suffers much de¬ 
composition when distilled, i 

DI-HEPTYIKETONE C„H„Ot.«.(C,H„),CO. 
[40°]. (178°). Obtained by distilling barium 
ootoate (oaprilate) with excess of lime (Guckel- 
berger, A. 69, 201). Waxy solid. 

n-Scc-HEPTYL-MALONIO ACID C,.H„0, i.e. 
O.H„CHMe.CH(CO,n),. [98° uncor.] White 
crystals. Sol. alcohol, chloroform, and ether, si. 
sol. water. 

Salts (Leeds, A. C. J. 5, 10).—BaA"; white 
powder, insol. water and alcohol.—CuA": light- 
blue crystals, el. sol. water, sol. alcohol. -PbA"; 
[235°].'White miss, insol. water, si. sol. alcohol. 
—ZnA": [247*j: minute crystals. — Ag,A" : 
[244°]; minute crystals, insol. boiling water. 

Ethyl ether MEt. (26S°-266°). Colourless 
liquid. Prepared by the action of n-sec-heptyl 
iodide and sodium on a mixture of aloohol and 
malonic ether. On heating the acid to 160° it 
gives heptyl-acetio acid and COj (Venable, B. 13, 
1661). 

HEPTYL OCTYL OXIDE C,H„00,H„. 
(278-8°). S.O. 8 -8182. S.V. 37G-8. O.E. (0°-10") 
•00085 (Dobriner, A. 243,10), 

DI-HEPTYL-OilDE (C,H„),0. (201-9°). 

S.G. 8 i8162. S.V. 362-7. C.E. (0°-10°) -00008 
(Dobriner, A. 248,9). 

HEPTYL-DEEA Octoyl derivative 
0,H,.NH.CO.NH.CO.C,H„. [102°]. Formed by 
the action of an' alkaline solution of bromine on 
octoio amide (Hofmaaij, B. 16, 760; ,17,1408). 

HEBACLEUM OIL. The essential oil of the 
oow-parsnep {Heracleum Sphmdytiain) is light- 
green, mobile, S.G. 22 .864, and consists mainly 
of octyl acetate ( 200 °- 212 °), whence by sapomfi- 
oation octyl alooW (191°) may be obtained. The 
p'ortiona boiling at a higher temperature contain 
Mt^hdxoate (?70°) (Ziheke, A. 1.62,1). The 
oil also contains ethyl butyrate, heiyl acetate, 
'octyl deooate, and octyl laurate in small quan- 
"SSies (Mbslinger, A. 185, 26). The water with 
which the oil has been distilled contains methyl 
aloohol^thyl alcohol (in smaller qhantity), acetic 
acid, and oaproio acid; 

The volatile oil of Beracleum giyanteum is 
a mixture of octyl acetate, hexyl butyrate, and 
ethyl butyrate (Pranchimont a. Zincke, B. 4, 
822: A, 103,198; Gutzeit, A. 177, 844). 


HEEAOLIIt [185°}. B. (aloohol) 

•14 in the cold; 1-7 at 78°. 8 . (CS.) -08:1 in the 
cold; -26 at 46°. Occurs in the seeds of Hera- 
oleum giganteum (Gutzeit, <1. 1879, 905). Silky 
needles (from alcohol). Insol. water, v. sol. 
chloroform, m. sol. ether. 

HESPEBETIC ACID v. IsovEBunio Aom, 

HEBFEBETIH v. H^kbidih. 

WTWJ>0-T>tJI tj'PT/kT 

CaH,(OMe){OH).CH:CH, [4:3:1]. [67®]. Prepared 
by dry distillation of calcium isoferulato 
(Tiemann a. Will, Be 14,967). Cryatalliue solid, 
sol. alcohol aodether. Dissolves in caustic alkalis. 
Gives a ro 1 colouration with H 3 SO 4 . 

KSSPEEIC ACID An acid which 

may be extracted b^ alcohol from orango-poel 
(Tanret, Bl. [2] 46, 500). Slender white crystals; 
not volatile.; insol. wrttier and ether, si. sol. cold 
alcohol, sol. boiling (90 p.c.) alcohol and chloro¬ 
form. Its K, Na, and Ca salts are amorphous, 
and decomposed by COj.—CaA'... 

HESPERIDENE (178° cor.). S.G. 

•846. A terpene contained in the volatile oil of 
orange-peel, (Wright, C’. J. 20, 649). It forms a 
tetrabrpmide CioHigBr, [105'^], and with NOCl a 
; nitroso- derivative [71°]. Identical witi^ citrene, 
carvene, limoriene, Ac. (u. Terpenks). 

HESPERIDIN (T. a. W.), or 

C-AoOjy (lanret). [251°]. S. (hot water) *02 
(Hilger, B. 9,26); I’H at 100° (T.); S. (alcohol) 

' '6 in the cold; 1*8 at 78°; S. (EtOAc) *67 
(Tanret, BL [2] 46, 602). Dis- 

c<\vered by Lebreton {J. Ph. 14, 877) in many 
fruits of the genus Citrus ; thus it may readily 
i be obtained from the white spongy inner coating 
of the peel of unripe Seville oranges, or from 
i dry unripe bitter oranges {Citrus Bigarodia). ^ 
i Preparation. — Dried unripe orange-peel is 

! thoroughly extracted with water to remove other 
substances, and the residue then dissolved out 
with dilute alcoholic NaOH; the impure hes- 
' peridin is ppd. from the solution by adding 
HCl and purified by extraction with alcohol, 
solution in NaOH, anu reppn. with COj; the 
yield is at most 10 p.c. (Tiemann a. Will, 3. 14, 
946). 

White minute hygroscopic needles. Nearly 
insol. alcohol and water, insol. ether. ' Weak 
acid, dissolving in aqueous NaOH. It does not 
react with AcCl, or form a compound with picric 
acid (Patemb a. Briosi, Q. 6,169). ^ ^ 

Beactiems, —1. On reduction with sodium 
amalgam it gives a body which dissolves in alco¬ 
hol with a magenta-like colour.—2. By boiling 
dilute it is split up into sugars and hes- 

peritiff (CigHnO,). The sugar obtained is amix- 
ture of 2 pts. of glucose with 1 pt. of isodulcite 
(Tanret, BL [2] 49,20); these sugars may be sepa- 
ratfid by means of their phenyl-hydrazides, that 
of isodulcite [i80°] being soluble in acetone 
(Will, B, 20,1186).—3. Hesperidin dissolves in 
dilute KOH, the solution becoming giadually 
yellow; if it be evaporated to dryness, and the 
residue be treated with dilute H. 4 SO 4 , it is turned 
rei and afterwards violet.—4. Potash’fmion 
forms protocateohuio aoid.e 

Hesperetin C.J&uO, 

[4:8:1.] 0 ,H,<OMe)(dH).oa :On.OO.O.O*H,(OH),[l:3‘.5] ? 
[226°]. Prepared by heating hesperidin with 
dilute H.S 04 to 120® (E. Hoffmann, B. 9, 687; 
Tiemann a. Will, B. 14, 961). White plates. 
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V. sol. aloohol» m. sol. otlier» si. sol. water, 
benzene, and chloroform. Weak phenolic acid, 
dissolving in NaOH, ppd. by COj. Has a sweet 
taste. Like hei^peridin, on reduction with 
aodiam-amalgam' it gives a substance which 
dissolves in alcohol forming a magenta-like solu¬ 
tion. On boiling with aqueous KOH it decom¬ 
poses into phloroglucin^nd isoferuHc acid (hes-< 
peretio acid). FeCl, gives a brownish-red colour.*! 
Lead acetate gives a pp. Potash-fusion yields 
protocatechuio acid. 

Iso-hesperidin C^ 3 H.,j.O,/ 2 aq or CjoH^O.^jCaq. 
[a]u = - 80®. S. 200 at 100°. S. (90 p.c. alcohol) 


accto-ocetio ether, KaOEt, and beptjl iodide 
(Jourddn, A. 200,114). Oil. g 

Is^eride v. Palmitic a.cid. 

HfXADECn. The radicle C„n„, also 
called Cktyl (g. v.). 

HEX-vD£CYL ALCOHOL v. Cktyl aloodol. 

HEXADECYL ALLOPHANATE 
CijH.vO.CO.NH.CO.NH,. [70®]. Formed by the 
action of chlero-formamide on an ethereal solu¬ 
tion of cetyl alcohol (Gattermann, A. 244, 41). 
Colourless plates (from alcohol). 

HEXADECYL-BENZENE C,«H3,.0,Hj, [27°]. 
(230° at 15 mm.). S.G. '8667. From cetyl 


11 in the cold. Obtained from orarifee-peel by | iodide, iodobenzene, and'Na. SI. sol. cold al 


extracting with (60 p.o.) alcohol, evaporhtiuK, 
and shaking tne rosiduff with ohlorofnrm 
(Tanret, Bl. [2] 40,.6y2; 49, 20). Minute 
needles from r^ator (containing ^aq), witli 
slightly bitter taste. SI, sol. cold water, v. e. eol. 
hot water. Lrovorotatory. Splitupbyboilingdiluto 
HjSO, intwhesperitin, dulcite, and glucose. The 
substance called hosperidin by De Vrij is de¬ 
scribed as Nauinoiu. 

HETERO-ALBITMOSE v. PnoTEies. 

HEVEENE (316'’). S.G. *1-921. 

The least volatile part of the product of the dry 
distillation of caoutchouc an 4 gutta-percha 
(Bouchardat, A. 27, 30). Ambct-yellow ml. 
Miscible with alcohol and ethor. HCl forms 
unstable C|iH,,HCl. V. TrsurENEs. 

»-HEXADECANE C„H|,. Hccdecane. Di- 
octyl. [14°] (E.); [18“] (K.): [20-] (L.); [2n 
(Z.). (150“ at 10 mm.; 200“ at 100 mm. -, 288“ 
at 760 mm.) -, (278“) (Z.; S.); (158“ at 15 mm.) 
(K.). S.G. -774; - 719 . Odourless solid. 

Formed by reduction of palmitic acid with P and 
HI (Kraftt, B. 16, 1701; 10, 1722; 19, 2218). 
Also from n-octyl iodide and sodium (Lachovitch, 
-4. 220, 180; cf. Zinoke, A. 152,15; Kraflt, B. 
10, 2222); and by heating Hg(C,H„)j at 200“ 
(Eichler, B. 12,1882). Probably the same hydro¬ 
carbon [20“], (278“), V-D. 7-9, is fornftd by digest¬ 
ing an alcoholic solutifn of cetyl iodide with 
lino and fuming HCl for a week (Sorabji, C- J. 
47,37). Pearly plates, sol. hot alcohol and ethor. 

Hexadecane C„n,,.CHMc.CnMe.OgH„, Di- 
iso-oM. (203“-2C5“) (L.); (209° cor.) (A.). 
S.G. If -800 (li.); 5 -802 (A.). V.D. 114-3 (lor 
113). From secondary octyl bromide (cr iodide) 
an# sodium. Liquid smelling of freshly extin¬ 
guished tallow candles (Lachovitch, A, 220,187; 
c/.Alechin, Bf.[2]40,186). 

Hexadecane C,„H„. Cdyl hydride. Cetane. 
(280°). V.D. 8-08 (calc. 7 96). Obtoinod from 
American petroleum by fractional distiyation 
(Pelouze a. Cahours, C. B. 67, 63). Probably 
identical with n-heaudecano. 

Bc/ercnce.—D i-beouo-hexadecase. ^ 

HEXADECOIO ACID nC(o!H,.),CO,H. Di- 
n-hcptyl.ao6tic acid. [26“). ^40“-250“) at 

80-90 mm. Obtained by decomposing its ether 
with oonoentrated alkalis. Crystalline. lueol. 
water, sol. alcohol or ether. 

Salts.—The salts of the alkalis arc soapy 
and V. sol. water oi#aloohol. The salts of theJ 
alkaline earths and heavy metals have a great 
tendency, to form basic salts.—BaA'^; slender 
needles (from alcohol); insol. water.—OuA,: 
bluish green crystalline pp. [237“). 

Ethyl efksrHtA'. ( 0 . 810“). Fromheptyl- 


cohol, V. £\pl. ether, benzene, CSm and chloro¬ 
form (KraSt a. Gottig, J5. 19, 26B3; 21, 3180), 
Gives a nitfo- derivative [36°J which reduces to 
, [53'^] (265® at 14 mm.) whence 
C,„n„.C,.H,.NHAc. [104®]. 

HEXADECVL-CKESOL CoH.q.C.JIsMe.OH; 
[62*]. (268°), Formed frorap-hexadcoyl-toluone 
Bulphonic acid by potash-fusion at 150®. Crystals 
(from alcohol). 

Ethyl ether C,H„.C,H.M<\OEt. [26-5^. 
Fi'omhexadecyl-cresol,ethyl iodide, and alcoholic 
KOH aCrafft a. Gottig, B. 21. 3180). 
HEXADECYLENE v. Cktene. 
HEXABECYLEKE BBOMIBE «. Dl-Bfiouo- 

UEXADECANK. 

HEXABEBYL-MESITYLENE 
C,H„C,.H,lvrei[<>:5:iiH]. [c.40°]. (258®at 15 mm.). 
From brorao-mesityleno, cetyl iodide, and sodium 
(Krafft a. Gottig, B. 21, 3180). 

HEXAB ECYL-PHENOL C,gH33.C,H,.OII. 
[77-6®]. (261® at 15 mm.), ^rom heiadccyl- 
benzene by sulphonating and Rsing the result¬ 
ing sulphontc acid with KOH (Krafft, B. 19, 
2083; 21, 3180). 

Ethyl derivative CuHjj.CfiH^OEt. [43®]. 
Plates; gives on oxidation [ 4 :l]CjH,{ 0 Et)(C 02 H). 

o-HEXABECYL-TOLBENE 
C,«H„.C«H,Me[l:2]. [9°]. (239® at 16 mm.). 

S.G. *-;j *8676; ®j*'8072. From o-bromo-toluene, 
cctyl iodide, 6 md 8 odii|p (Krafft a. Gottig, B, 21, 
3181]. • 

w-Hexadecyl-toluene C,bHj ,.C,H,Me[l: 8 ]. 
[12°J. (237® at 15 mm.). I%m »j-bromo-tolu- 
ene, cetyl iodide, and Na (K. a. • 

2 )-Heradecyl-toluene ,Me[l:4]. 

[27-5®]. (240® at 15 mm.). Converted by HNOj 
(S.G. 1*2) at 125® into p-toluio acid. Fuming 
HoSO. Bulphonatofl it. • i 

HEXA^ ECYL-m-XYLJ NE 
C,H, 3 .C,H,Me,[ 4 : 3 :l]. [33'6®]. (260®). From 

bromo-w-xylene. cetyl iodide, and sodium. Cry*, 
tallises from etner-aloohol (Krafft a. Gdttig, B 
21,3180). * 

HEXA-ICOSAKE [44®]. A soft wax; 

substance found among the prodnets of the dis 
tillation of cerotio aoitf (Nafzger, A. 221, 91B), 
HEXAflj BECA-CABBOxAiC ETHEB t 

Hr.XANB DECA-OABBOXYLIO AOID. 

HEXAMIBINl CgHi^N, i.e. * 

Fr.CHj.CHj.C(J^H 3 ):NH. Capronamidini 
Heated with acetic anhydride andsodkim acf 
tate it yields the nitrile ox bexoio (oaprolo) aci( 
Salts.—B'HCl: largw plates [107®J, ▼. so 
alcohol. : yellowish-red plat< 

[109®], sol. hot, spL cold, water (Fiimer, J 
17,175), 
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HEXAHIDOXIH CjH„.0(NOH)l!lH,. Ca- 
pamidoxim. If^tylacetamidoxim. [ 68 °]. 
Formed by direct combination ol hexopitnle 
(caprooithlc) with hydroxylamine. Glistening 
white silrery tables. V. sol. alcohol, ether, < 6 o., 
si. sol. water. Dissolves in aqneons acids and 
alkalia.—B'HOl: [U 6 °] ; white needles, v. sol. 
water and alcohol, si. sol. ether. 

Ethyl ether 0 ,H„ 0 (HH 5 )N(SEtt [85°]; 
very hygroscopic, long white needles; v. sol. 
alcohol, ether, &a., el. sol. water. 

Aeetyl derivative 0,H„.C(NHj)NOAo; 
[87°]; very fine silky white scales; v. sol. alco¬ 
hol and ether, nearly insol. water. 

Benzoyl derivative 0,H|,0(N'Hj)N0Bz: 
[106°]; felted white needles; sol. alcohol, ether, 
and benzene, insol. water. 

Sexoyl derivative < 

CJff,,.0(NHyN0C00.H„; [116°]; silvery scales; 
V. sol, adcohol, ether and benzene, si, sol. water. 

Carbonyl derivative 
(C.H„.C(NEQN0},00: [114°]; felted silky 
needles; v. sol. alcohol and chloroform, nearly 
insol. water and benzene. Formed by the ac¬ 
tion of carbonyl chloride upon hexamidoxim 
(Jacoby, B. 19,1.500). 

n-HEXANE C,H„ i.e. 

CH,.CH,.CHs.CHs.CII,.CII,. Di-n-propyl. Hexyl 
hydride. Methyl - pentane. Methyl - amyl. 
EthyUbutanc. Ethyl-buli/l. Mol. w. 86 . (68*7°) 
at 761 mm. (Schiff, A. 820, 88 ); (69-0° i.V.) 
(Zander, A. 214, 165); (68-6°) at 744 mm. 
(Brtthl, A. 200,184); (69°) (Perkin, C. J. 45,446). 
V.D. 3-06 (calc. 2499) (SchifI). S.G. 8 •6763 (Z.); 
y -6603 (B.); -668 (S.); '6739; U -0602 

(P.). M.M.6-670at 11° (P.). S.V. 139-7 (Schiff); 
140 (Z.); 138-7 (Eamsay). ae 1-3799. Koo 47-59 
(B.). Critical temperature 250-3° (Pawlewsky, B. 
16,2634). Occurs in Pennsylvanian petroleum, in 
the light oils from coal tar (^horlemmer, T. 162, 
111), and in Galician petroleum (Lachovitch, A. 
220,192). Is the chief constituent of so-called 
‘ petroleum ether ’ or ‘ ligibm.’ 

Formation.—!. Byj-eduoing with zinc and 
dilute HOI the scc-hexyl iodide derived from 
mannite ; the product being freed from hexylene 
by treejment with bromine (Sohorlemmer; c/. 
Brlenmeyer, E. 1863, 274).—2. By heating 
^.propyl iodide dissolved in ether with sodium 
at 146° (Sohorlemmer, A. 161, 277).—3. By dis¬ 
tilling suberic acid with lime or baryta (Dale, 
0. J. 17,258; cf. Biohe, A. 113,106).-^. Among 
the products obtained by distilling tri-olein under 
mressure (Engler, B. 22, 696). 

Propemea.—Oil, with faiift characteristic 
■odour, unlike petroleumi 

Beactume.—l. OnTassing through a red-hot 
tube the following products were, obtained: 
ethytaneiu propylene, butiuene OjH,, amylene, 
hexylene, benzene, and gases not Skisorbed by 
6 t<onune. Decomposition begins at 600° to 700°, 
benzene is not formed except at a high tem¬ 
perature (Norton a. Andrews, Am. 8 , l);--2. 
Chlorination gives 0H,.OH,.0^eH,01^0H,Ol 
and CHT-CH-OHLCH, OHOl.OHi (Sohorlemmer, 
A. 199, 189; of. Morgan, 0. J. 28, 801).-3. 
Bromine vapour passdd through botog hexane 
forms only secondary hexyl bromide (Sohor¬ 
lemmer, r. 1878,1; A. 188, 250). Bromine at 
jp25° forms crystalline C,U^iirj, and also PjU,Br, 


and 185° it forms 0,Br„ which, at 

a higher temperature, is resolved into bromine 
and hexa-bromo-benzens (Wahl, B. 10, 402, 

^^*&o.hsxane 0^„ ».s. Pr.Pr. Isohexane 
Propyl-isopropyl. Ethyl-isobutyl. Methyl-iso¬ 
amyl. hopropyl-propane. (W.); (69°- 

62°) (Psrlun, Cl J. 46,^47). S.G. 8 -7011 « 
•6633; M -6634 (P.). M.M. 6-769 at 17° (P.). 
V.D. 3-06 (oalo. 2-98). Prepared by decomposing 
isobutyl iodide (40 g.) with Etl (34 g.) and sodium 
(llg.)(Wurtz^ A. Gh. [3] 44,276). Occurs in 
Galician M>d m American petroleum (Warren; 
Lachovitch, A. 220, 192). By passing through 
a red-fiot tube it is decomposed into ethylene, 
propylene, butylene, amylene,hexylene, butineno, 
and some paraffins (N(adion a. Andrews, Avt. 8 , 
1 ). 

Sec-hexane 0,H„ f.3. Pr.Pr, Di-isopropyl. 
Isohexane. (68-0°) (Zander, A. 214,167). 3.G. 

° -0839 (Z.); -668 (Perkin, C. J. 46, 447). M.M. 
6-784 at 16° (P,). S.V. 136-6 (Z.). Formed by 
the action of sodium on an ethereal solution of 
isopropyl iodide (Sohorlemmer, A. 144, 184). 
Formed also by the action of HI on pinacono 
CMe,(OH).OMo,(OH) (Bouchardat, C.'^/J. 7L 
809). According to Berthelot (Bl. 9, 268) this 
hexane is ako obtained by heating di allyl witli 
HI. Iticlie (A. Ch. [ 6 ] 432) obtained it by 

distilling barium n-heptoate at a red heat. It 
also occurs among the products obtained by dis¬ 
tilling whale oii under pressure (Engler, B. 22, 
696). It is an oil, with faint odour. Chromic 
acid oxidises it to GO., and acetic acid. 

&c-hexane C,H„ t.e. CIIj-CHEt^. Methyl- 
di-ethyl-methane. (64°). S.G. -6766, One 
of the products of the reduction of 
CHj.CHI.CHMeEt with zino and glacial acetic 
acid CH,.C(OH)Et, and CH,;CH.CHMeEt being 
also formed (Wislieenue, A. 219,315). The same 
hydrocarbon, (60°), was said by Le Bel {Bl. [2] 
26, 646) to hi formed, together with ethane and 
; decaiie, by the action of -sodium on a mixture of 
Mel and optically active amyl iodide; Ju.t {A. 
2 - 20 , 150) failed, however, to obtain it by this 
method. 

Tert-hexane 0,H,, i.e. CMo,Et. Tri-incthyl- 
ethyl-methane. (43°-48°). From tcrt-butyl 
iodide and ZnEt, (Goriainoff, A. 166,107). 

References. ■— Di-bkomo- and Dr-cimoao* 

HBXXNE. 

HEXANE CAEBOXYLIC ACID «. Hkpxoio 
A cm. 

HexanJ dl-oarboxylic acid o. Di-KTHxn-aoo- 
CIHIO, TBTBl-KBTHVn-SUOOINIO, AMIt-HAI.Om0, 
SUBBBIC, and Di-AU>Aiiia acids. 

Hexane tri-oarboxylio acid 
0HEt(OO^).CEt(CO^),. [160°]. Ethyl-bu- 
lentil tricarboxidte acid. Formed b 


by saponify, 
ing'toe ether (1'mol.) with KOHAq (9 mole.) to 
which a little aloohol has been added (Hjelt, B. 
21,2089). Crystalline solid, v. sol. water. At 
160°-160° it is split up into GO, and di-etbyl- 
80(^4inio acid. 

Ethyl ether EMt"U186° at 86 mm.)| 
(2,81° at 760 mm.).‘ S.G. ^ 1-024. 

' Formation.—1. By the action of.a-bromo- 
butyric ether on sodiam etbyl-malonio ether 
(Hjelt, B. 21, 2089; of. Hjelt, B. 20, 8078).— 
2 . Itediam ( 11-6 g.) is dissolved in alcohol 
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200 «.o.) ftnd bittano tri-oarboxylio ethor t its salts easily give ap part of their acid when 


JH(C 03 Et), 0 HEt(C 0 ,Et) (137 g.) is added to- 
;ether with EtI (80 g.). The reaotion is oom- 
ilete after heatidg at 100° for 4 hoars (Bisoboff, 
5, 21, 2092). 

Properties.—Oil, which distils with partial 
lecomposition. By boiling with BLSO, it is 


evaporated. Sublimes in the cold., Eeadily 
polymerised by heating or eijosing to the sir. 
Kot affyited by redneing agents. 

Beactums. —1. Poiash-fttsian, forms acetic 
and n-bntyric acid (Petrieff, B. 6 , 1098).—2. 
HBr forma 0,H„BrOj [25°] which when boiled 


iaponified, COi being given ofi, and two isomeric ‘ with water or alkalis gives amylene and oxy 
ii-ethyl-snccinio acids firmed, one being v. sol. I’.hexoio acid [48°-62°] (Fittig a. Howe).—3. Bro 


ether, the other si. sol. other. 

First nitrile CO^Et.CCyEt.OHEt.COjEt. 
(280°-286°). A product of the action of alco¬ 
holic KOy on e-bromo-butyrio ether (Zelinsky a. 
Britaohinin, B. 21, .3398). OU. 

Hexane tri-oarboxylle acid OjH.i^OOjH),. 
Buiero-carboxylie acid. B. 35’6*at 14°. Fomed 
(by boiling ohloro-suberio acil with KCy and de¬ 
composing the resnlting.c^no-suberic acid with 
KOH (Grdger, U. I, 510; Bauer, M.A, 841).— 
Pb,A"', (at 100°).—FcA "'» brown pp.—Ag,A"'. 

Hexane tetra-oarboxylic acid. Ethyl 
ether OBl(C02Et),,.CEt(COjEt),. Di-ethyl- 
acetylene-tetra-carboxylic ether. (199°at 11 mm.). 
S.G. 1043. Formed from chloro-ethyl-malonio 
ether and sodium ethyl-malonio ether«{Bisohoff, 
B. 21, 208:y. Oil. On saponification it yields 
di-cthyl-sdccinio acid [188°). 

Hexane deca-carboxylic acid Ethyl ether 
O.H,(CO,Et)„ t.c. ' • 

CH.,(COjEt).C(CO.jEt),.C(COjEt), 

I . So-called 

OHs(COjEt).C(CO,Et)rC(CO,Et). 

‘ hexaXn * decacarboxylic ether. A thick oil, ob¬ 
tained by treating * 

CH,(COjEt). 0 (CO.Et),.C(CO,Et),Cl with 
CH..(COjEt).0(CO.Et) ..C(CO.jEt)jNn (IJischoff, B. 
21,2115). 

HEXANK SUIiPHONIC ACID 0,H„.SO,H. 
Formed by oxidising hexyl mercaptan (from 
petroleum hexane) (Pelouze a. Cahours, A. 127, 
192). Syrup.—BaA'j (at 100°): scales. 

HEXECONTANE 0„H,,„. [102°]. Obtained 
by heating (10 pts. of) myrioyl iodide [70 5°] 
with potassium (1 pt.) at 1^5°, the product being 
boiled successively with water, alcohol, petro- 
leum-effier, and»glacial acetic acid, and finally 
crystallised from benzene (Hell a. Hiigele, B. 
22, 602). V. si. sol. hot alcohol and ether, si. 
sol. petroleum-ether and HOAc, m. sol. chloro¬ 
form and benzene. Partially decomp(j^ed by 
distillation. On distilling under reduced pressure 
therms formed a paraffin-like mass, v. sol. petro¬ 
leum-ether, which extracts a hydrocarbon [70°]. 

HEXENOIC ACID C.H„0, i.e. 
OHi.CH;OEt.OOjH. a-Ethyl-croimic ac^. Mol. 
W.114. [41°]. (209°). , 

Formation.—^. From oxalic ether by treat¬ 
ment with ZnEtj and decomposition of the ro- 
’ suiting COJlt.OEt.;.OH with PCI,. By this 

el. _in. anVaoa/eiiAnfkr 


fonus [80 o®].—4. Chromic 

acid mixture forms CO 2 and acetic acid (Clmp- 
man a. Smith, P. M. [4] 36, 290).—6. KMnO, 
added to a yery dilute solution of the K salt forma 
CH,.CH(0H).CEt{0H).C02H [96°] (Fittig, B. 21, 
919). 

Salts. CuA'a: greenish-blue ’ pp. — 
Gu(OH)A^: formed from the preceding by heat* 
ing with alc^ol.—^PbA'^ aq: crystalline pp., si. 
sol. water.—AgA': scales (from hot water). 

Ethyl ether EtA'. (166®). S.G. M •920. 
Mobile oil, smelling of peppermint and of fungi 
(F. a? D.). Saponified by boiling alcoholic KOH. 

Hexenoic acid CcH„Oj i.e. 
CHjEt.OHtCH.COjH {?). y-Ethyl-crotomc acid, 
(c. 126® at 26 mm.). From tri-methyl-leucino 
Pr.CH 2 .CH(NMe 30 H).C 0 jH by heating at 125» 
(K5mer«a. Monozzi, Q. IS, 854). Liquid. Com* 
bines with HBr. Its Cd salts form long pmnis. 

Hexenoic aoid i.s.Et.GH:CMe.CO,H. 

B-Ethyl-methacrylic acid. [24®]. (213® cor.), 

S.G. 24 *9812. \)ne of the products of the oxida* 
tion of the corresponding aldehyde (methyl- 
ethyl-acrolein) (Lieben a. Zeisel, if. 4, 70; Solo-° 
mna, J. B. 1887, 302). Monoclinio prisms; 
a:b:c = 1*41:1: •386; j8 = 104®38'^ Volatile with 
steam; si. sol. water, v. e. sol- ethw and benzene. 
Combines with bromine, forming ai-bromo-hexoio 
aoid. Beduced by zinc and HBr ^r HI) to 
methyl-propyl-acotic (hexoio) acid. Its soluble 
salts give white pps. with salts of Zn, Ag, and 
Pb, a blue pp. with CuSO^, and an oily pp. with 
FeCla.—CaA'j4aq: prisms or silky needles.— 
AgA': sparingly soluble needles or leaflets, 
Hexenoic acid CoHj<,0, i.e, 
{CH3)2C:CH.CH.,.C0..H& 
CH^iCMe.OHo.OHj.COsH. , Pyroterehic acid, 
Formed, together Avith teraoonio acid and the 
lactone of oxy-isohoxoio acid, bj the dry distilla¬ 
tion of terebio acid (Chautard, J.Ph. [3] 2^ 192; 
[.Williams, B. 6, 1096; Mielck, -4,180, 62). H 
the process be conducted slowly tiie laotone is 
the chief prodnot, if rapidly, pyroterebio aoid^ U 
mainly produced. The distillate is heated with 
baryta*water, and OO 3 is p^^d in until the ppd. 
BaCO, is rcdisrtolved; the lactone is then ex¬ 
tracted with ether, and on evaporating the reri- 
due barium teraeftnate o^stallises out. The 
mother-liquor is treated ypth H 2 SO 4 , and pyro* 
tArAhif' ftnid distilled over with steam, and pun- 
^ K ml.o, its Ca salt. The yield is ab». 

saponified (Fra: 

Fittig a. Howe, 


ankland a. Duppa, 0. J. 18,133 ; 14 p.o. (Geisler, A. 208, »7). • ^ 

re A. 200 , 21).—2. eBy heating : Properiie*—Liquid, not solidi^ing at 16 j 

nx* -iu TTni 1 KAO /riAiiiif^Ar 7?7 h1 . Hnl. water. On adding 3 or 4 vols. of watei 


si. sol. water. On adding 3 or 4 vols. of watei 
to the dry acid a homogeneous liqmd is obtamgj 
but further addition of water causes separatioi 


CO jEt.OBt..OEt with HOI at 160° (Geuther, Bl. 

[2] 10, 34).— 8 . By treating 00,H.0Et,0H with 

Sttart-rsf rntV';;;o“''ia;JAike upper one beiog ^ amd 

OT OH(()H).OHBt coil (Walisohmidt, A. 188, »e acid is not affected by hmhng for sorfb tm. 
246 ^. 


OH(OH).( 

1 fn/aTUrbffiiing-pomt^the- isomerre laoton. 
'ite S^uin redd- '=—■ ' »«^™.ohex„io ,aoid. The same change ooour 


i with water. 
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when HBr is passed into the aold, probably 
through intermediate formation of tlie acid 



ai'OromO'iBonexoio acia. r. 

Salt 8 .—GaA',3aq: glisteningprisms.—AgA': 
leaf'like crystals, si. sol. water. 


Hexenoio acid Formed by oxidising 

hexenyl alcohol with chromic acid mixture (Dost- 
rem, A. Ch. [5J 27, 72). Liquid, volatile with, 
steam. Split up by potash-fusion ibto acetic and 
butyric acids. Its salts are amorphous. Pro¬ 
bably identical with the preceding acid. 

Hexenoio acid i.e. 

CH,;CMe.Cn,.CHyCO,H or 
fCHj 2 C:CH.CHj.CO^*. (203® uncor.). Formed 
bom the laotone of 7 -oxy-isohexoio acid by boil¬ 
ing with alcohol and KaOEt for 12 hours (H. 
Erdmann, A. 228, 183). Golourles^ liquid with 
pungent odour and acid taste. When boiled for 
a long time it partially changes to the isomerio 
lactone of Y-oxy-isohexoio acid.— CaA'j aq.— 
CaA'jSaq: trimctric crystals.—AgA'. 

HexeaoioacidG«H,oO,i.s. Pr.CH;CH.CO.H(?). 
liopyroterebic acid. Formed, together with iso- 
sorbic acid, by the action of 00^ on crude C^H,Na, 
possibly through presence of G^H^Na as an im¬ 
purity (Lagermarck a. EltekoS, Bl. [2] 33,159; 
J. R. 11, 125). Liquid, si. sol. water; heavier 
than water. Slightly volatile with steam. Com¬ 
bines with HBr. Bromine forms C^HmBrjOj. 
[99°]. The silver salt dissolves in water, 

Hexenoio acidC,H,,02i.c.Pr.CH;CH.C0,H(?). 
Hydrosarbic acid. (206® cor.); (208® i.V.) 
(Fittig, A. 200, 42). S.G. i* -969. Formed by 
reduoing sorbic, acid with sodium-amalgam 
(Fittig a. Barringer, B. 9,1198; A. 161, 309). 
Liquid; on prolonged boiling it is decomposed, 
the boiling-point being raised. Oombinns with 
bromine. Combines With fuming HBrAq readily 
in the cold, forming liquid bromo-hexoic acid 
(Stahl, B. 9, 120). Potash-fusion gives acetic 
and n-butyrio acid. On warming with ILSO< it 
changes to the lactone of oxy-bexoio acid. Its 
rate of etherification has been studied by Men- 
sohutkin (B. 13, 163).—(3JfcA'2aq[o. 125°]. S. (of 
GaA'J 6*2 at 16®. Needles, more sol. cold than 
• hot water.—BaA'«. [above 265®]. Needles.— 
CuA'j: green pp. ^ [185®-190°3.— AgA': pp. SI. 
eol. cold water. 

Ethyl ether [167®]. 

Hexeneic acid Isohydroeorbic acid. 

f—10*]. (209® i.V.). Formed, together with the 
lactone of oxy^hexoic acid, by boiling bromo-' 
hexoio acid (the hp(Lobromide of ,hydro8orbio 
acid) with water (Hjelt, B. 15, 618; cf. Lands- 
berg, A. 200, 51). Combines with UBr, forming 
the parent bromo-hexoicacid.—CaA'jaq; laminee; 
more sol. hot than cold water. 

Hexenoio acid V3gH,oO^ HexyUnic acid. 
[39®]. From tri-ohloro-hexoio acid, zinc, and 
HOliiq (Pinner, B. 10,1054). Long flat needles 

J from ether), hr lozenge-shaped plates (from 
Igroln); nearly insol. water, v. sol. alcohol. Does 
&eiv subUme in the cold. 

Hexenoio acid C^HjgOa. (208®). Occurs in 
small quantity in croton oil (Schifiidt a. Bereudes. 
4.191,121). V 

Bromo- and Cbxk)ro-hezxnoic 

aoms. 

HSXENOIC ALDEHYDE i.e. 

Kt.OH:GMe.CHO. MeihyUthyl-acromn. (137® 


cor.). S.G. § * 86 . Formed by beating pro ionic 
aldehyde at 100 ° with an equal volume oi a .«>• 
lution of NaOAo (containing 21 p.o. NaOAc); ou 
fractionally distilling the product the chief por¬ 
tion passes over at 135®-140® (Lieben a. Zeisol, 
M. 4,16). Colourless liquid, with penetrating 
odour, iusoL water. Gradually turns yellow on 
exposure to air. It fqmis a orystidline com¬ 
pound with NaHSO,. • 

Beactiona.—l. HOI forms unstable OgH,,CIO. 
2. Bromim forms CgHioBroO, a heavy oil which 
forms crystalline OgH,gBr 2 (OH)SO,Na 3aq.— 
8 . Iron filiiws and HOAc reduce it to a mixture 
of a hexyl alcohol PrCHMe.CHaOH, the corre¬ 
sponding aldehyde, and an alcohol CgHuO, 
which is readily converted into tri-oxy-hexaiie 
Et.t 5 H( 0 H).CMe( 0 ll).CH 20 H. — 4. Oxidation “ 
with chromic acid miHare, free oxygen, or moist 
silver oxide gives carbonic, formic, acetic, pro¬ 
pionic, hexenoio (ethyl'methacrylie), and di-oxy- 
hexoic acids, together with methyl propyl ke¬ 
tone.— 6 . Amrtionia unites with it,'* forming a 
solid product (?C,gH,uN 4 or OijHjjNj), which is 
converted at 140® into parvoline 0„H„N, a 
liomologud of pyridine (Waage, M. 4, 725). By 
heatid^ the compound of liexcnoic ald^ydo with 
NHj to 200 ® there is formed piooline/parvoline 
(196®), a base .p,iH,,N (233°), and a base Ci^HjuN, 
which is a. mobile liquid, with pale-blue fluor¬ 
escence. The parvoline gives, on oxidation, 
pyridine (aj 8 )-di-carboxylic acid (Hoppe, Jlf. 9, 
634).—6. Heated with aqueous SOj for 4 hours 
at 80® there is formed, after neutralising with 
BaCO„ a salt 0 gH, 20 (S 0 <,) 2 Ba 2 aq, which is split 
up by heating with baryta-water into barium 
sulphite and hexenoic aldehyde. If the contents 
of ^0 tube are boiled with water before neutral¬ 
ising there is obtained amorphous CBH, 2 (S 04 );.Ba. 

; 7. If the aldehyde be left in contact with 
: aqueous SOj for some days and the product be 
saturated with BaCO, and-oxidised with bromine 
water, there is formed a salt of sulpho-hexoio 
acid: GgH{„SOjBa orystalUsing in hexagonal 
plates (Ludwig, M. 9, 658). 

Hexenoic aldehyde CgHioO,. (135®,138®). 
Formed, together with allyl chloride anddi-allyl- 
oxide by heating allyl alcohol with,dilute (10 
p c.) HOlAq at 100® for 20 hours (Solonina, rj. R. 
1887, 302). Oil. Absorbs oxygon eagerly from 
•the air„.producing hexenoio (otbyl-metbacrylio 
acid). Forms an oxim [49°] (194°). Prolably 
identical with the preceding aldehyde. 

HEXENYL ALCOHOL C„H„0 i.e. 
CHjtCH.CEtj.CMe^OH. Di-methyl-allyl-ca/rbinol. 
( 120 '®cox.). S.a^8438;*J»-8307. R® 49-84 
(Kanonnikofl). H.O.914,000 (Lougninine, A. Ch» 
[5] 23, 385). 

Preparation.—By slowly pouring a mixture 
of acetone and allyl iodide on granulated zinc at 
0®^M. a. A. Saytzefl, A. 185, 161, 176). The 
product is mixed with water and distilled. In 
the preparation of this body from allyl iodide, 
zinc, and acetone, a by-product of the formula 
0,H,,0 (o. 176°) occurs if the allyl iodide con¬ 
tains isopropyl iodide. Its specific refractive 
pbwer, B 09 ^ 72*27, indicting a double union ol 
carbon atoms. H combines with bromine form¬ 
ing C.HjgBr^O. With PCI, it forme 0uH„Gl 
which .boils about 180°, with partial deoompa 
sition. The same body is also formed by the 
action of isopropyl iodide and zinc on the pnn 
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hexenyl alcohol (W. Diei!, J. pr, [2] 27, 364). A 
mixture of acetone (76g.), allyl iodide (206g.), 
and isobutyl iodide {230 g.), is converted by zinc 
into di-methyl*alIyl-carbinol, but a small quan¬ 
tity (2g.) of an alcohol OjoHjoO (o. 196®) is 
formed. These bodies appear to be di-methyl- 
allyl carbinol, in which an atom of hydrogen is 
displaced by isopropyl And by isobutyl respec¬ 
tively (E. Schatzky, J. §r. [2] 30^ 216). The al¬ 
cohol C«H,,0 is converted by Na and Mel into a 
methyl ether CMe^(OMe).OuH„ (169®-172® un- 
cor.), Bflp 77*01, S.G. ^ *8027, which is oxidised 
by KMn 04 to acetic, isobutyric, • oxalic, and 
methoxy-valeric acids (Kononovitch, if. pr* [2J 
30, 399). , . 

Prppcrftcs. —Liquid, smeiling like camphor; 
si. sol. water, with which it forms a hydrate 
C«H„0 aq (117®). • • , 

Reactions.—l.*Chromic acidmixture oxidises 
it to formic acid, /9-oxy-ilovalcrio acid, and ace¬ 
tone. KMnO, acts in like manner (SchirokolT, 
J.pr. [2)23,205).—2. Promiwe forms ; 

3. HOCl, followed by displacement of Cl by OH, 
gives tri-oxy-hexane (hexyl-glycerin) ^Reformat- ' 
sky, J. pr. [2] 31, 318).—4. By heating ^le al¬ 
cohol (1 #ol.) with HB 04 (2 vols.) and water I 
(1 vol.) for 3 days at lO'O®, and distilling the oily 
product, two hydrocarbons are got. viz. CnH,o I 
boiling below 100®, and CijH .o boilmg at 180°- ; 
200°. The latter is purified by shaking with Pp, ' 
and redistilling, and exhibits the following pro¬ 
perties; (194°-199°). V.D. 80*3 (H = l). S.Ct. 

•i -853; *839. C.E. (0°-21°) *00082. R^ 

89*84. It combines readily with bromine. With 
faming HCl it appears to form a compound 
CjjHjo.HCl. It is oxidised by chromic mixture 
to acetone, acetic acid, propionic acid and a fixed 
acid with the formula or C,oH,,0, (W. 

Nikolsky a. A. Saytzeff, J. pr. [2] 27, 380). Its 
specific rotation is 6*22 more than that calculated 
from BriihPs numbers. This would indicate 
three C:C groups (Albitzky, J. pr. [J] 30, 214). 
The hydrocarbon CgH,, is formed by removal of 
HjO from the alcohol, so^that it is either 

(CH.)t!:CH.CHiCH, or CH,:C<^g>Cn:CH.. 
The hydrocarbon is a polyraerido of this. 

Acetyl derivative CgllnOAc. (138° cor.). 
S.G. 8 *9007; *8832. ^ , 

fl|condary hexenyl alcohol 
CHj;OH.OH 2 .CHj.CH{OH).CHs. Di-allylhijdrate. 
AllyUisopropyl alcohol. (139°). S.G. *842 
(Crow); 2 *861 (Wurtz). 

Preparation.—!• Allyl-acetone (l^vol.) is 
mixed with ether (1 vol.), and put into a fiask 
containing water (2 vols.). Small pieces of so¬ 
dium are thrown into the flask, which is cooled 
meanwhile by standin’g in water. The ethereal 
solution is poured off, dried over BjCO,, and dfe- 
tilled (J. K. Crow, 0. J. 33, 63; cf. Kablukoff. 
J. B. 1887, 613).—2. From hydiftodide of di- 
allyl and Ag-^O (Wurtz, .4. Ch. [4] 3,172). 

Properties. —81. sol. water, v, sol. alcohol and 
ether. Sweet taste, but rather pungent odour. 
Combines violently wi^ bromine. Gives acetic 
acid on oxidation (Sorokin, J. fw. [2] 23, 20). 

Acetate 0 ^,.CH 2 .CH(OAc)CH,. {148°> 

(Crow); (168° cor.) (Markowmkoff, J. i?. 18,866). 
Formed irom the alcohol by heating with AOjO 
in a flask with inverted condenser. Formed 
Vol. II. 


also from di-al1yl di-hydro-iodide and AgOAo. 
Liquid with pleasaut refreshing odour. 

Dibromide $ 

CHjB»CHBr.CH,.CHj.CH(OH)CH,. Formed by 
adding bromine to a solution of the alcohol in 
CHClg. The chloroform is then distilled off in 
vacuo. It cannot be distilled. EXOg converts 
it into an oil,CBH,,Br(On). 4 ; volatile with steam. 

Hexenyl alcohol C„H,.X i.e. 
CH 3 .CH:CII.CMe 2 . 0 H. (110°-115°). From the 
chloride of crotonio acid and ZnMe, (Pawlow- 
sky, B. 6 , 331). 

^exenyl alcohol CoH,X i.e. 

Cl Ej.CH^.CHXMe.CHXII. One of the products 
of the action of iron filings and HOAc on hexe- 
noio aldeh^le (methyl ethyl-acrolein). Forms a 
bromide Og^j^raO, which is converted by distil¬ 
lation with water into a tri-oxy-hoxane (Lieben 
a. Zeisel, M. 4? 28). 

Hexenyl alcohol C.,H,jO* (137®)- S.G. ^ 
•89L S. 10 at 10°. Formed by distilling calcium 
glycerin CaCJiX. (Destrem, A. Ch. [ 6 ] 27, 68 ). 
Liquid, smelling like peppermint and allyl alco¬ 
hol. Not reduced by sodium-amalgam. Na 
and K form gelatinous CsH„ONa and CsH„OK. 
Chromic acid oxidises it to pyroterebio acid. 
Bromitto forms C,H,„BrX (252°-266°); S-%. 

1-99. PCI, gives C;h,, 01 (71®). HBr forms 
C,n,,Br (100-); S.G. 1*35. Chlorine forms 
C„H, .Cl.p (205»°-210 ’); S.G. 1 - 4 . PI, forms 
C H,;i (131®); S.G. 1 - 92 , whence K,S forms 
(C,II„),S (169®). 

Acetyl derivative C^H,,OAc. (145°). 

Benzoyl derivative C,HnOBz. [105°]. 
(275°-280°). Yellow prisms. • 

Reference. —Chloro-hexenyi»aloohol. 

HEXENYL CHLORIDE O^HnCl. Chloro- 
hexylene. (71°). From the corresponding 
j alcohol (Destrem, A, Ch. [2] 27, 6 ). Light oil. 

; Hexenyl chloride 

i CH,:CH.CH3.CH^0HC1.0H,. (130°.-140°). 

Formed, together with di-chloro-nexane, by 
heating di-allyl (hexinene) with fuming HClAq 
(Wurtz). , 

Hexenyl chloride CI|H„OI. (122°). S.G. 
•0036. V.D. 4‘02. Formed^by the action of cono. 
alcoholic KOII on the di-chlmo-hexane, which 
is a by-product in the action m IIOCl on hexyl¬ 
ene from mannite (Henry, C. R. 97,* 260), 
H.SO 4 converts it into a ketone CgHiaO (125°); 
S.G. ii *8343 ; V.D. 3*45. 

HEXENYL GLYCERIN v. Ti^-oxv-hexank. 

DI-HEXENYL OXIDE (0,H„),0. Diallyl 
oxide. (180*). A producM the action of AgjO 
on the mono- or di-hydroiodide of diallyl (Wurti, 
A. Ch. [4] 3,175)# 

Di-hexenyl oxide {0gH,,),0. (117°). From 
hexenyl iodide and HgO. Also from C^,|I and 
C«H„ONa (i» Hkxenyl alcohol). Oil, heavier, 
than water (Destrem, A»Oh. [ 6 ] 27, 58)4> • 

DI-HEXBNYL SULPHIDE (<U,H„),S. (169°). 
From iodo-hexylene and K^S .(Defltrem, A. Chp 
[ 6 J 27, 58). Heavy oil, of nauseating odow. 
Gives a maroon-red colouration with H^SO*. 

HEXIC ACI!» C,H„Os ? [126°]. A#i acid 
fbrmed from propyl-aceto-acetio etiier by suc¬ 
cessive treatment with brqpiine and alcoholio 
KOH (Deraarpay, C. B. 88, 126} cf. Fittig, B, 
16, 1939 ; Pawlofl, J5. 16, 486). Large pearly 
plates (from hot water). ^ ^ 
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Isohexic acid CjH„0, ? [124®]. Formed in 
nice manner from isopropyl-aoeto-acctio ether. 
Prisms (from etberp 

HEXIirENEOja„»*«-Pr-OHyCHC.H. Butyl- 
acetylene. ^70^). Formed by the action of 
metallic sodium on methyl propyl acetylene at 
160®, and decomposition of the sodium com* 
pound with water (Faworsky, J. pr. [2] 37,428). 
Gives pps. with ammoniacal coppef and silver 
solutions. Fields on treating the sodium com* 
pound with CO, a carboxylic acid. 

Hezinene lde,O.G:CH. (39®). Formed by 
the action of alcoholic potash at 140° 'for 
12 hours on di-chloro-tetra-methyl-etbane 
(Faworsky, J. pr. [2j 37, 393). Forms pps. with 
ammoniacal cuprous and silver solutions. Is 
not altered by heating with alcoholic^potash to 
200 °. 

Hexinene C^H,, i.e. 

0 H 5 :CH.C;^.CH 2 .CH:CH 8 . This compound has 
been described as Di-alltl (q.v.). When headed 
with bromine it gives a crystalline mass [46°]. 
This is a mixture of two substances, [65°] and 
[ 66 °], both having the formula CJI,oBr^. From 
this it appears that the di-allyl obtained by the 
action of Na on OjHJ is a mixture of two isomeric 
bodies, probably CH^tCH.CH-^.CHj.CHrCHj and 
CH,.CH:CH.CH:OH.CH, (dipropenyl) (Sabaneoff, 
JBJ. [2] 45, 182). When diallyl is diluted with 
(1 vol.) paraffin oil and treated*with H^SO^, 
ihe lo^Ye^ layer separated and distilled with 
water yields‘hexylene oxide,’ a liquid 
smelling like menthol (93°). Oxidation of this 
CaHijO gives nOAc and COj; sodium-amalgam 
has no action ^ El at 100° gives j 8 *hexyl 
iodide (166°) (Jei.yll, Bl. [2] 15, 233). Another 
method of hydration is to add the diallyl drop 
by drop to well cooled H^SO^. The acid is 
diluted with ice, nentralised, and distilled, when 
hexylene oxide passes over at 92°-95°. Some 
of the salt of the undecomposed solphario acid 
remains behind in the Oask. The Ba and Ga 
salts can be obtained in this way (B 6 ha], Bl. [2] 
48,43). 

Hexinene Cja,,. (c. 8 D°). B.G. ia . 71 . v.D. 
2’84 (calc. 2-79). Formed from petroleum 
hexane by brominytion, followed by treatment 
of the resulting hexenyl bromide with alcoholic 
KOH ek 166° (Caventou. C. B. 69. 449; Reboul 
a. Truchot, 0. E. 66 , 78). Forms a liquid di¬ 
bromide and a crystalline tetrabromide. 

Hexinene CH,.CHj.CH,.CsC.CH, ? (80°-83°). 
S.G. § -7494; ^ Formed by the action 

of alcoholic £OH oh < Ibe hexenyl bromide de¬ 
rived from mannite vid di-bromo-becane (Hecht, 
B. 11,1060). Does not ppt. ammoniacal silver 
or cuprons solutions. Oxidised by chromic acid 
mixture to acetic n-bqt} ric acids. 

Hexinene (CH,),C:CH.CH:CH,? (80°). From 
(CH,hCCl.CH,.CH:CH, and alcoholic KOH 
(M. a. £. Saytreff, A. 185, 157 ; Hexenyl 
^obol). 

Hexinene OaH,,,. (c. 80°). In coal tat 

(SlJhorlemmer, A. 139, 260). Forms OaH„Bra 
[ 112 °]. . 

Hexi.iene 0,H,a. (70°-73°). T.D.2-97. Ob-, 
iained, wiUi other products, by passing the 
vapour of heptinene through an iron tube heated 
to incipient redness (Benard, C. B. 104, 674). 
Rapidlj'absorbs oxygen. Does not ppt. ammo- 
niaoal AgNO« or Ou,OV Bromine forma on* 


stable, oily OaHjaBrj. Cone. HjSOa polymerises 
it, forming C,jHjo (210°-215°). 

Be/erencee. -Di-BRouo- and Tetba-chloiw- 

EEXINSNZ. 

HEXINENE OITCOL v. Di-oxy-hexinbne, 
HEXINENE DIOXIDE CaH.aO, i.e. 
OH,.OH.OE;.OH8.CH.OHa 

' ^ 0 * 
by acting with KOH on the diohlorhydrin pre¬ 
pared by treating diallyl with hypoohlorous 
acid (Przybytek, Bl. [2] 43, 110). Ooloorless 
mobile liquid. Heated with water it forms 
GaHja(OH) sol. alcohol, water, insol. ether. 
Treated with HOI a diohlorhydrin is formed. 

l^EXINOIC AOID^OaHjO, i.e. Pr.C|O.CO.OH. 
[27°]. (126°) at 20 mm. Formed by the action ’ 
of COj on the sodium <K)mpound of propyl 
acetylene suspended in ether ^Faworsky, «r.pr. 

[2] 37,419). Feathery ciVstals. 81. sol. water, v. 

: sol. alcohol, ether, and petroleum ether. Deli- 
' quesces in the air. Decomposes on tieating or 
keeping into COj and propyl-acetylene. Its 
! silver salt at once decomposes in the same way. 
i Salts.—(C8H,02).p3a 3aq. V. sol. water.— 

I A'jCa. ^hin needles, v. sol. water.—A!,Cu 2aq, 

^ Blue plates, v. sol.*water, 
i Hexinoic acid CgE^Og. [93°-96°]. From 
pyroterebic Slcid, by successive treatment with 
bromine and alcoholic KOH (MieJek, A. 180,50). 
Crystalline mass; m. sol. water. Volatile with 
steam.—BaA',: amorphous. 

, Hexinoic acid v. Sosbic acid. 

Hexinoic acid G^Os i.e. 

(CHs)2.CH.C:0.C02H. Iso-sorbic add. From 
Pr.CiCNa and COj (Lagermark a. Eltekoff, J. B. 
11,125). Liquid. Combines with HBr, forming 
C„H,(d3rj02. 

Hexinoic acid Fr.C:C.C02H. Isopropyl- 
acetylene carboxylic add. [38°]. (107° at 

•£0 mm.). From di-methyl-allylene sodium, and 
•COj (Pavorsky, J. B. 1887, 663). Should be 
identical wifh the preceding. 

HEXINYL ALCOHf^ C,H,oO i.e. C^OH 
(140°). A by-product of the action of glycerin 
on zinc-dust (Glaus, B. 18, 2931).® Forma C,H,1 
(133°). 

Acetyl derivative OjHjOAc. (12T°). 

, HEXINYL CHLOEIDE C,H,01. Chloro- 
diallyl \150°l. S.G. it* *9197. V.D. 4-16 (calc. 
4‘02). A product of the action of PCI, i^>on 
allyl-acetone (Henry, C. R. 87,171). Oil; com¬ 
bines with bromine, forming oily C,H,ClBr,. 
Alcoholic KOH at 100° forms hexonene (di- 
allylene). This hexinyl chloride is perhaps a 
mixtrre of the chloride 0 ,H,. 0 H,.C 01 :CH 2 with 
0,H,.OH:COI.OH,. 

Hexinyl ohloride G^E^Gl. (130°). From 
meatyl oxide, by treatment with PCI, and dis¬ 
tillation of 1^6 resulting with lime 

(Boeyer, A. 140,298). 

HEXITAHALIC ACID 0. Ozt-HXFXYL-sno- 

CZNZO ACID. 

n-HEXOIC ACID 0,H,A «•«* 
Cflr 0 H 2 .OH-.OH 9 . 0 H 2 .OO^ n-Oaproic add. 
Mol. w. 116. [-l*S°](Fit%i.200,49). (206°). 
S‘.G. § -9446 (Zander, A. 224,67); ‘9468 (Garten- 
meister, A. 233, 277); f ‘9287 (BrttW). O.E. 
(0°-10°) 00096 (Z.). S.V. 162*6 (Z.). 1*4190. 

60*66 (B.). H.0.630,209 (Lougumine, A. Oh. 
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[5] 25, 140). Seat of neutralisation'. Gal a. 
Werner, Bl. [2] 46, 802. 

Occttrr«n««.—Among the products of the 
batjrio fermentation of sugar (Grillone, A. 165, 
127; ef. Stioht, Z. 1868, 220; Linnemann, X. 
160, 226; Lieben, A. 170, 89). 

Formation. —1. By the oxidation of n-hexyl 
alcohol (Zincke a. Tranciimont, A. 163, 199).— 
2. By the action of boiling alcoholic KOH on its 
nitrile (n-amyl cyanide) (Lieben a. Bossi, Q. 1, 
314; 3,27; X. 169,75; 166,118).—3. Together 
with other fatty acids by the oxida^ion^f pro- 
teida.—4. from n-butyl-aceto-acotio ether and 
alcoholic KOH (Gartenmeister, A. 233, 277)j 
Preparation. —By fractionally distilling cnide 
fermentation butyric acid, *nd shaking the 
portion boiling above 180^ with 6 volumes of 
water. • • 

Properties. — Oil, with faint unpleasant 
odour. 

lieactionA —1. Oxidised by nitric acid to 
acetic and succinic acids (Grlcnmcyer, Sigel a. 
Belli, B. 7, 696; A. 180, 216).—2. Magnesic 
caprottte in solution subjected to an alternating 
electric current produces butyric, valeric,•oxy- 
caproic, ojSllic, succinic, glutaric, and adipic 
acids (Drechsel, J.pr. [2] 34,135). 

Salts.—Ca.\\, aq. S. 2 6 at 18° (JCottal, X. 
170, 95); 4-6 (Grillone); 2*73 at *7° (Keppich, 
M. 9, 589).—BaA'j. S. 9*3 at 18*5° (Lieben a. 
Bossi); 9T at 22° (G-illone); 9*47 at *5° (Kop- 
pich).-BaA' 22 aq. S. (of BaA',) 12-5 at ]0-5° , 
(Lieben a. Janccck, A. 187, 128).—BaA'_.3a(i. S.*| 
(of BaA'.;) 12*9 at 23° (K.).—SrA'jBaq : lamimo. 
S. 9*7 at 24° (K.).—ZnA'.^aq. S. 1 at 24*’ (K.).— 
CdA\2aq. S. 1 at 24° (K.).—CuA'o. Iiisol. ether, 
sol. jilcohtTl.—AgA': pp. (Franchimnnt a. Zincke, 
A. 163, 200). S. *077 at 0° (Keppich). 

Methyl ether MeA'. (160°). S.G. *00.30. 
C.E. (0°-10°) -0010.5. S.V. 172*2 (Garten- 
mcistor). 

Ethyl ether FAM. Mol. w. 144.e (166*6°) 
(G.). S.G. g * 8888 . CJl. (0°-10°) *00103. 
kv. 191*7. 

Propyl eth^r PrA'. (186°). S.G. g *8844. 
C.E. (0°-10 ) -00101. S.V. 222*2. 

Butyl effeer Pr.CH,A'.(204°). S.G.g-8824. 
C.E. (0°-10°) -00099. S.V. 246*0. 

• n-Sexyl ether 0,H„A'. (246° cor.)., S.G. 

> 'SSfi (Franchimont a. Zincite, X. 163,197). 
Septyl etAerO,H,jA'. (269°). S.G.g*8769. 
C.E. (0°-10°) *00088. S.V. 323*9. 

n.OctyletherC,n^,X\ (275°). S.G.g-8748. 
C.E. (0°-10°) -00088. S.V.349-6 (Gartenn||pi 8 ter). 
Occurs in oil of Seracleunt, (Zincke, A. lo2,18). 
Chloride C,H„OCl. (o. 138°) (B 6 chat«p, 

A. 130, 364). 

’ Anhydride (0,H„G),O. Liquid (Chiozza, 
X. 86,259). • • 

Acetyl-hexoio anhydride CuH„O.OAo. 
(166°~176°). Liquid, lighter than wafer. Formed 
by heating hexoio acid with Ao^O (Autenrieth, 

B. 20, 3187). 

Amide [100°]. (266°) (Henry, B. 2, 490). 
mates. Sol. alcohol ai^ hot water. Prepared’ 
by heating ammonium nexoate eat 230° under 
pressure; the yield is 70 p.c. (Hofmann, B. 15, 
983;17, 14U). 

Anilide 0 «H„.CONHPh. [96°]. .Formed by 
heating the amide with aniline (Kelbe, B. 16, 
1200). Needles, V. sol. alcohol and e^her. 


Phenyl hydrazide 0,H,,.CO.NH.NHPh. 
[117°]. I 

.Witriie CjH,,CN. n^Amyl cyanide. Mol. 
w. 97. (164°). S.V. 141-1 (B. Sohiff, B. 19,668). 
Formed, together with hexylamlne, by allowing 
a mixture of the amide of heptoio acid (1 mol.) 
and bromine (3 mols.) to run into a 10 p.o. solu- 
lioE of NaOH (Hofmann, B. 17,1410), 

Isohexoic e*cid C«H„0, i.e. Pr.CH,.CHj.COjH. 
Isocaproic acid. IsobutyUacetic add. (200° i.V.). 

5. G. *2 ' 925 . Heat of neutralisation x Gal a. 
Werner, Bl. [2] 46, 802). 

Occurrence .—As glyceryl ether in butter 
(ChovreuI, Becherches sur les corps gras), in 
cheese, and it cocoa-nut oil (Fehling, X. 63,406). 
Occurs in the free state, together with butyric 
and valeric acids in the flowers of Satyrium 
hircinum, whicl# have an odour of bugs (Ohaa- 
tard, Bl. [2] 2, 66); and, together with several of 
its loijer homologues, in the sarcocarp of Qingko 
biloha (B6charap, A. 130, 364). Found by C. 
Kraut (X. 103, 29) in the water of a brook 
running out of a peaty soil. Formed also by 
the fermentation of wheat bran (Freund, J. pr. 
[2] 3, 224). 

Forntation.—l. By saponifying its nitrile 
(isoamyl cyanide), which is obtained from iso¬ 
amyl iodide by boiling with alcohol and calcined 
K^FoCyg (Frankliinda.Kolbe, X. 65, .303; Wurtz, 
X. 105, 295),—2. By theaction of CO,^ on sodium 
isoarayl (produced by treating ZiiEtj with so¬ 
dium) pVanklyn a. Schenk, C. J. 21, 31).—3. By 
the oxidation of proteids, fats, and oils, hexoio 
acid is often formed, but in mctft oases it has 
not been determined whether it^is n- or mo- 
hexoio acid (Bedtenbacher, X.59,41; Schneider, 
A. 70, 112; Arzbacher, X. 73, 203; Guokel- 
berger, X.C4, 70).—4. From 7 -oxy-iBohexoio acid 
by heating with HI and red phosphorus (Mielck, 
A. 180, 45).—6. By decomposing isobutyl-aceto- 
acetic ether with baryta (Bohn, A. 190, 316).— 

6. Either n- or iso-hcxoic acid occurs to the ex¬ 
tent of 3 p.c. among the,acids produced by the 
fermentation of the persfgration of sheep (yolk). 

7. From leucine and nitrons acid.—8. One of 
the products of the action of zinc isoamyl on 
oxalic ether (Frankland a. Dup^, X. 142,17). 

Liquid, with rancid smell. •Not 
solidified by cooling to —18°. Wheh its potas¬ 
sium salt in aqueous solution is decomposed by 
an eiectric current decane is produced (Brazier 
a. Grossleth, X. 76, 249). * 

iieoctiow.-^Oxidised by KMuO^ to “y-oxy-iso- 
hexoio acid (CH 8 )aC( 0 H).CH 9 .CHj.C 02 H which 
splits off water, givjpg the lactone 

Salts.—C»A',3aq. S. (ol OaA'J 12-7 at 
18*5'* (Lieben a. Rossi, AflQ5j ; 5‘8mt 2i® 

(Mieiok): 9-9 %t 19“ (Bohn).—Bal>q. 8. (ol 
BaAU 21 at 22° (Mieiok).—BaA',2aq. S. 63 at 
18-6° (L. a. E.): 26 at 14° (Bohn). • 

Methyl ether Mek'. (160°). S.O. «-898 
iFehlinq, A, 63, 440). « 

•Ethyl ether Etk'. (lei'oor.). 8.0. g 'SSTj 

'^'^lT£yi^'eihirr (216°-220°) 

(Frankland a. Duppa, A. 142,18). , 

, Amide Pr.CH,.CH.,.CONH,. [120°]. Pre- 
pared by heating ammonium isooaproate at^280° 
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mder prcssar©; the yield Is 63 p.c. of the theo¬ 
retical (Hofmani^. 15, 983; 17, Hll). 

Nitrile Pr.CH,,CH.^.CN. Isoamyl ouanicU. 
(155°) (Wurtz.A. 105, 296). S.G. ^ *806. V.D. 
3‘d4. Formed by heating isoamyl oxalate, 
chloride, or iodide 'with EOy (calcined K^FeCy^,) 
(Baiard, A. Ch. [3] 12, 294; Franklanda.Kolho, 

A. 65, 288; Brazier a. Gossleth, A. 75, 251; 
Medlock, A. 69, 229; Wurtz, A. i06,296). So 
prepared it is dextrorotatory; [o]^ = 1*69, and is 
therefore impure. It forms the following com¬ 
pounds : (C,H„N)jTiCl,. — (C,H„N) 2 SnCl 8 . — 
C^„NSbCl,. 

Hexoio acid CeHisOj ix. CHPrMe.CO^. 
MethyUpropyl-acetic acid. (194° cor.). S.fK 
•9231; t? *9279 (Liebermann a. Scheibler, B. 10, 
1823); ^ *9266 (Liebermann a. Ii^eemann, B. 
17, 918). C.E. -00075. 

Formation.—1. From amylono by combina¬ 
tion with HI, treatment of the product with 
KCy at 115°, and saponification of the product 
(A. Saytzeff, B. 11,611; A. 193, 349).- 2. By oxi- 
(Using PrCHMe.CH.OH with chromic acid mix¬ 
ture (Lieben a. Zeisel, M. 4,37).—3. By roducin" 
EtOH:CMe.CO,H with HI (L. a. Z.).—4. By iv. 
duetion of the lactone of 7 -oxy-a-methy’ -valeric 
acid (caprolactone) by heating with III and red 
phosphorus at 200° (L. a. S.).—5. By the action 
of n-propyl iodide on sodium methyl -aceto-aretic 
ether and saponification of the product (L. u. 

K. ; E. J. Jones, A. 226, 294).—C. From iso¬ 
saccharin by reduction with HI and P (Kiliani, 

B, 18, 632).—7. In oil of resin, obtained by the ■ 
dry distillatiomof colophony (Kclbe a. Warth, B. 
16, 308). 

Prqpcriics.—Inactive liquid, si. sol. wat'n-. 
Weak acid. FeCl, gives, in a sohition of ti;o 
ammonium salt, a flesh-coloured pp. soluble in 
excess of the reagent (S.). 

Salts.—OaAV Prisms (from alcohol) (S.; 

L. a. Z. obtained CaA'oaq).—CaA'.^aq: small 
needles (from a solution saturated at 60°) (K. 
a. W.).—CaA'j2Aaq: long needles. S. 11'8 at 
17°; 7*6 at 100°.—jbaA'jSaq (L. a. Z.).— 
CaA'jdaq (L. a. !?.).--CaA'j 5aq (L. a. Z.). 
—CaA'jSaq: silky needles (Kihani). S. (ofCaA'j) 
32 at 18-5° (A. Saytzeff, J.pr. [2}23,293).—BaA',: 
gummy: v. 8 ol.'water( 8 .).—ZnA',: moresol.cold, 
than hot, wKter (S.). [72°] (K. a. W.).—CuA'j: 
green pp.—CuA'jCUjOjt light green pp.—AgA': 
slender needles. S. *47 at 20°; *9 at 100° (S.). 

Ethyl other EtA'. (163° i.V.). S.G. g 
*8816; V* ‘8670 (Ai^aytzefl, A. 193, 362). 

Hexyl ether (224° cor.). Formed 

in the oxidation of CMePrH.CHgOH by chromic 
acid mixture a. Z.). 

.dmideO^iiGONH,. (96°]. Needles (K.a. 
W.).-(C,H„.CO.NH) 2 Hg. [c.l 68 °]. Nee<iles. 

Hexolc acid *-®* GHPrMe.COjH. 

Meth'^‘isopr<^l acetie acid. (190°). S.G. 
'928. c 

'* Formation. — 1. From CHPrMel vid 
rfPHFrMeCN (Markownikoff, Z. 1866, 602).—2. 
From methyl-isopropyl-aceto-acetio ether, ob¬ 
tained by treating aceto-acetioesther successively 
with NsOEt and PrI followed by Mel; or wi*li 
Melfollowed by Neither method gives a good 
yield (Van Bomburfeh, It.T. <7.6, 228).-4. From 
malonio ether by like processes (Bd. 

Liquid, smeUing Uko its isomer- 

ides. 


iSalte.-flaA'.. Loss sol. hot, than cold, 
wulur. S. 20 ut 16°. Slender needles (from Al¬ 
cohol).—AgA': needles (from water). 

Amide CgH„.CONHj. [129°]. Sol. water, 
alcohol, ether, and benzene. Easily sublimed 
(E.). 

Hexoio acid CEtMe 3 .C 03 H. Dt- 

mcthyl-ethyl-atetic ociM [—14°]. (186°). Ob¬ 
tained from the corresponding iodide GEtMe^CH^I 
by heating with potassio-merourio cyanide, frac¬ 
tionally distilling the resulting nitrile, and then 
heating It vyith fuming HCl for 6 days at 100°, 
and then for 2 days at 120° (Wischnogradsky, B. 
7, 7^0; X. 174, 66 ; 178,103). Formed also by 
reducing methyfetiiyl ketone with sodium amal¬ 
gam and oxidising the resulting pinacolin CjH ,,0 
with CrOj (Lavrinovitih, A. 186,126). 

Salts?—BaA'gfiaq: largedransparent plates 
(from water); v. sol. ■water.—ZnAA: white pp.— 
AgA': slender needles (from hot water). 

Chloride CUeJit.COCl (132°/. 

Nitrile CMe,Et.CN. (130°). 

Hexoia acid CjH,jOj i.e. CEtjH.COjH. 
cihylrsxctic acid. (190° i.V.) (Saytzeff). (191°) 
(Burton, Am. 3, 393); (196°) (Schna^p, A. 201, 
70). S.G. § -936; *920 (Saytzeff'); ^ *946 

(Schnapp). 

Formal^.—1. From oxy-hexoic ether (di- 
ethyl-oxalic ether) CEtj(On).C 03 Et by treatment 
with PClj which gives CEtiCl.CO^Et, which is 
then reduced by sodium amalgam (Markowni- 
fcoff, B. 6,1176). The same chloro-hexoic ether 
is resolved by distillation into HCl and hexenoio 
ether, which may bo reduced in like manner by 
sodimn-amalgam.—2. From di-ethyl-aoeto-acctio 
ether (Frankland a. Duppa, A. 1.38, 218).—3. By 
passing CO over a mixture of NaOEtand NaOAc 
heated to 206° (Frahlich, A. 202, 308).—4. To¬ 
gether with aldehyde, by distilling /3-oxy-di-a. 
ethyl-butyric acid CH,.CH(OH).CEt,.CO,H 
(Schnapp .A. 201, 70), or by treating the same 
acid with PCI 5 followed by water (Burton). Also 
from the same acid and HI (B.).— 6 . From CHEt^I 
vid the cyanide (A. Say tzoff, A. 193,349).—*3.From 
di-etbyl-malonio ether (Conrai^, A. 204,141).— 
7. From cthyl-ciotonic acid CH 2 :CH.CEtH.C 02 H 
by combining with HBr and reducing ihe result¬ 
ing bromo-bexoic acid (Howe a. Fittig, A. 20Q, 
24; A,^aytzeff, J.pr. [2] 23, 288). 

Properties.—'Uqmd't not solidified at ^36°. 

Salts.—CaV.;. S. 25 at 23°. Gummy (from 
water) or twin-crystals (from alcohol).—CaA'^oq: 
lamin®. S. (of CaAg 38 at 18*5° (H. a. F.); 30 
at *7° (Keppich, M. 9, 589). On evaporating the 
sobtion a thin crust forms which dissolves again 
on cooling. Crystals may be obtainedbystirring 
duringevaporation.—BaA',2aq.—ZnAg less sol. 
Ijot than cold .water.—AgA'. 8 . *4 at *7° (Eeppiob); 
•5 at 20°; *76 at 100°. 

Ethyl Mer EiA'. (161°). S.G. g *883; 

*869 (Saytzeff), 

Hezoic acid G^HigOj ix. GHEtMe.CH,.CO^ 
$-MethyUfixthylpropiomeacid. ( 0 .197°). S.G. 
rtA*930. [tt]D*»8'92°. Formed by oxidising active 
hexyl alcohol bv KjCijO, and H 2 SO 4 (Van Bom- 
burgh, H.r. 0 .% 222 ). 

Salts.—OaA', 8 aq: tufts of smedl neeidles 
(from water).—AgA': needles (from hot solu¬ 
tions). 

Se^yl ether (383°). S.G. u 
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•8^7. Wd «12'86®. Fonned in the oxidation of I 
the alcohol. 

Amide OjH„CONH,. [124®]. 

References ,—Amido., Broiho-, and Chlobo- 

BSXOIO ACIDS. 

n-HBXOIC ALDEHYDE CeH„0 i.e. 
Pr.OH,.CH,.CHO. n-Caproio aldehyde. Mol. 
w. 100. (128® oor.). ^.O. 2«f850; 

Formed by distilling calcium caproate (10 pt:-'..) ; 
with calcium formate (7^- pts.) (Lieben a. Janecek, I 
A. 187, 130; 0. J. 32, 879). Limpid liquid, 
smelling like aldehyde. Forms a caystallino 
compound with NaHSO,. Is readily oxidised 
and readily polymerised. ' 

Hezoio aldehyde Fr.CHa.^Hj.CHO. * Iso- 
caj^oic aldehyde. 1121®). Formed by distilling 
sodium formate with sgd^m isohexoate (Itossi, 
A. 133,178). Liqiyd with pungent od*)ur, si. sol. 
water, miscible with alcohol and ether, lieduces 
ammoniacal AgNO,. Gives on oxidation iso- i 
hexoio (isibutyl-acetic) acid. Boduced by 
sodium-amalgam to hexyl alcohol (160®). Com¬ 
bines with NaHSOg. 

Hexolc aldehyde i.e. Pr.CSIMe.CHO. 

(116® cor.). From Et.CHiCMe.CHO, irofc, and 
ailute HOAc by standing in the cold for a month 
(Lieben a. Zeisel, U. 4, 23). Combines with 
NaHSOg. Gives Pr.CHMe.COjH bn^xidation. 

Reference. —TBi-cnLoao- and Di-bromo-hexoic 

ALDEHYDE. 

HEXONENE C«H«. (80®-85®). S.G. *80. 

Among the products deposited on compressing i 
the gas obtained by heating oils (Couerbe, 

18,165). The same hydrocarbon ( 86 ’ 6 ®) occurs j 
in petroleum from Amiano (Dumas, A. 6 , 267). i 

laomeride: Diallylbnb (q. v.). V. also j 
Bbouo-^xonene. 

HEXONITBILE v. Nitrile of Hexoic acid. 

HEXONYL BROMIDE OgH,Br. Bromo-di- 
allylene. (160®). From di-bromo-diallyl and KOH 
(Henry, B. 14, 400). Liquid, heavier than 
water. Combines with bromine, ts. ammo- 
niaoal AgNO, and Cu..Cl.j® 

HEXUNENE 0«H,. (130®). V.D. 2*81. 

Formdh by distilling cuprous allylidc with an 
alkaline solution of K.FeCy, (Griner, O. iJ. 105, 
283). In ^presence of CSg it combines with 
bromine forming crystalline CgHgBr^ [44°]. It 
•does not ppt. ammoniacal cuprous chloyde. » 

Ijomerides. Benzene and Dipropakotl. 

BI-BLEXYL V . Dodecane. 

HEXYL ACETATE v. Acetyl derivative of 
Hexyl alcohol. 

HEXYL ACETYLENE v. Ootinene. 

n-HEXYL ALCOHOL CgH^O i.e. 
Pr.CH,.CH-.CHgOH. Mol. w. 102. (167® eor.). 
S.G. ® *832. C.E. (0°-10°) *00087. S.V. 146*2 
(Zander, A. 224, 82).* Occurs in fusel oil from 
brandy (Faget, A. 88,326) to the afiount of *6 > 0 . 
(Ordonneau, C. B- 102. 219). n-Hexyl acetate 
and butyrate occur in the essential oil of Sera- 
cleum (Ffanchimont a. Zinoke, JB. 4,822; A, 163, 
193; MasUnger, A. 185,41). Perhaps the hexyl 
alcohol in these cases is Pr.CHj.CHi.CHjOH. 

JE'ormation.—l. Through toe acetate, fr^ 
n-hexyl chloride whiclf is fonj^ed, together with 
•«c-hexyl chloride, by chlorinating hexani 
(Oahoursa,P 6 louze, O.B-64,1246; Sohorlemmer, 
A. 161, 271).--2. By reducing toe corresponding 
aldehyde with sodium-amalgam (Lieben a. Rosst, 
A, X83,178; Lieben a. Janecek, A. 187,126). 


Formyl derivative C,,H|jOCIIO. (146®). 
S.G. ^ *8495. SmeUs like ap^es. 

Acetyl derivative OgHfgOAc. (170® i.V.). 
S.G. *889 (F. a. Z.); ® *8002. C.E. (0°-10®). 
*00100. S.V. 197*7 (Gartenmeister). 

Benzoyl derivative CbH„OBz. (272®). 
S.G. -oos. Oil, smelling like apples (Frentzel, 
B. 16, 745). . 

Hexoyl derivative CaH,jO.CO.CjH,|. 
(246®). S.G. *^“-865. 

Ethyl ether C,H,gOEt. (134®-137®). 

ftohexyl alcohol Pr.CH.,.Cn,.CH,OH. (160®). 
Formed by reducing the corresponding aldehyde 
with sodium amalgam (Bossi, A. 133,180). 

Hexyl ^oohol CHj.CH,.CIIMe.CH 2 . 0 H,OH. 
0-Ethyl-bu^jl alcohol. (164® cor.). S.G. ^ 
•H‘29. [a]„ = 8€°. Obtained among the products 

of saponification of Boman oil of chamomile 
{Va]^ Bomburgh, jB. T. C. 5, 220). Gives on 
saponification a dextrorotatory hexoio acid and 
a hexyl hexoate (234®), S.G. ^ *867, [a]D=» 12*86 
at 19®. 

Hexyl alcohol CH 3 .CH.,.CIIg.CHMe.CH,OH. 
a-Propyl-propyl alcohol. (147®). S.G. g *8376. 
One ot the products of the redaction of 
CITEtiCMe.CHO, and separated from the ac¬ 
companying CHFttCMc.CIIjOH by treatment 
with bromine «nd water, whereby the latter is 
changed to CIIEt{OH) .CMe{OH).CH.,OH (Lieben 
a. Zeisel, M. 4, 28). Optically inactive liquid. 
On oxidation with chromic acid mixture it yields 
CHjEt.CHMe.CO.^il and methyl propyl ketone, 
i "^Acetyl derivative CgH,|OAc. (162°cor,). 
S.G. 25-8717. • 

Hexyl alcohol Pr.CnMo.CH.,OH (?). (163® 

i.V.). S.G. 1* ‘SSO. Occurs as angclato and tig- 
late in Roman oil of chamomile (Kobig, A. 196, 
102). Formed also from Pr.Pr by chlorination, 

: <&o. (Silva, B. 6,147). 

Acetyl derivative CgHigOAc. (165®-160®). 

Sec-hexyl alcohol 

CHs.CH 3 .CHj.CH 3 .CHMG.OH. Methyl-hutyl-car- 
binol. {ff)-Hexyl alcohol, (137°) (E. a. W.); 
(141®) (S.). S.G. 2 *833; ^ *821. 

Formation.—1. By digestif?g (j 8 )*hexyl iodide 
with water and Ag.O (Wanklyn a. Erlenj^aeyer, 
O. /. 16, 221; Hec'ht, A. 165, 146), or with a 
large excess of boiling water (Niederist, A. 196, 
361).—2. From thecorrespondingchloridewhich 
is formed together with n-hexyl chloride by 
cblorinatinff n-hexane (ScJjorlemmer, A. 161, 
272).—3. Irom the mixtufe of chlorides obtained 
from n-hexane by conversion into hexylene and 
treatment with IICI (Morgan, A. 177, 307).-^. 
By converting ( 3 )-hexyl iodide into hexylene, 
treating the product with Hj' 604 and distilling toe 
resulting CgH,jO.SOgH with water (W. a.E.).— 6 . 
Formed also by treatin^hexylene from^nannite 
with HOCl and reducing the product with iron 
filings and acetic acid (Domac, M. 2, 320; A*. 
213,124). 

Properties. — Thick liquid with pleasant 
odour, very ualike that of isoamyl alcohol 
Chromic acid mixture oxidises it to an amehyde, 
and afterwards to butyric and acetic acids. 

Acetyl derivative C,H„OAc. (166®cor.). 
S.G. ® *878. 

Ethyl ether C,H„OEt. (183®). S.G. M 
• 776 . 
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See-liexyl alcohol 

OH,.OH.».CHMe.OHMe.OH. Methylsec-bxityl- 
carHnoi 8 .G. ^ -8307. formed 

by reducing methyl scc'butyl ketone disAivcd in 
wet ether by sodium. A pinacone G, 2 H.^O.j 
(249°) is also formed, and this, when warmed 
with dilute H^SO, gives two pinacolines 0 ,.^ll 2|0 
(Wislicenus, A. 219,319). Colourless oil. 

S'ec-hexyl alcohol n ' 

CH,.CH,.CH(OH).CHj.CH-.CH 5 . Ethyl-propyU 
earbiiiol. (136° cor.). S.G. *8.34; ^ *819. 
Formed by reducing ethyl propyl ketone by 
sodium-amalgam (Volkor, B. 8, 1019; Oechsner 
de Gooinok, Bl. [2J 25, 7; B. 9,193). Gives on 
oxidation ethyl propyl ketone an^ propionic 
acid. 

Acetyl derivative C^'B.fS^A.09 (150°).. 

Hexyl alcohol C,HnO. (138°). From di- 
chloro-di-ethyl oxide treat¬ 

ment with ZnEt, and treatment of the resulting 
GH 2 Et.GHEt.OEt with HI, KOAc, and dlOH 
successively (Lieben, A. 178, 22). Gives acetic 
and butyric acids on oxidation, and would there¬ 
fore appear to bo identical with metbyl-butyl- 
carbinol. 

Ethyl ether C,H„OEt. (131°). S.G. « 
-787; 22 -770. 

Sec-hexyl alcohol (CH,),.C.CHMe.OH. 
Methyt-tert-butyl-carHnol. [4°]. (120*5°). S.G. 
2 ‘OSS. Formed by reducing the corresponding 
ketone (pinacolin) with sodium-amalgam (Friedel 
a. Silva, O. 76, 22C). Liquid smelling liko 
camphor, solidifying in a freezing-mixture to a 
mass of long silky needles. Oxidised by chromic 
mixture to pinacolin and tri-methyl-acetic 
acid. 

• Acetyl derivative CoHj,OAc. (c. 142°). 

Tcr^hezyl alcohol GMeEtjOE. MethyUdi- 
ethyl-carbinol. (123°). S.G. *8237; ‘f *8194; 
V *8104. 

Formation, —1. By treating acetyl chloride 
with ZnEt^, leaving the product for two days 
until it has become viscid; then heating to 100 ° 
and mixing with water (Butlerow, Bl. [2] 5,17). 
2. Together with hexylene, hexane, and other 
products by treating CHa.CHI.CIlMeEt dissolved 
in alcohol with HOAc and zinc (Wislicenus, X. 
219, 316).--8. From the corresponding iodide 
ani^ cold very dilute KOIIAq (W.).—4., 
By acting on di-etbyl ketone (1 mol.) with Mel 
(3 mols.) and zinc, followed by water (Refor- 
matsky, J. [2] 86 , 340). Colourless mobile 
liquid, smeUing likj^ fert-butyl alcohol. Chromic 
acid mixture oxidises it to acetic aBid only. 

Acetyl derivative CMeEt^-COAo. (148° 
cor.h S.G. ^ '8824; V '8772; f '8679. 

Tcri-hexyi alcohol GMejFr.OH. Di-methyU 
mopyl corbel. (IW*) (B.); (123^ fj.). Formed 
by treating butyryl chloride with ^Me.^ followed 
by water (Butlerow, Zf 1865, 617; Jawein, A. 
195, 254). Br.ther viscid liquid,, lighter than 
water, and somewhat soluble therein. Does not 
"^lidify at -38°. Gives on oxidation acetic and 
^opionic acids. 

Tbrf'hexyl alcohol CMejF^OH. Di^methyl' 

yl^arbinol. (118°) (P.); (117°) (Pavlof, 

.. ~ 


nd. 196, 128); (119^) (BL). S.G. 2 '836; a 
(P.); fi 'M7 (K.). 0.0. (0°-.60°) -00099. 

Fofwmttw.—By treating isobutyr^l ohlor- 
ide wiih ZnMe^ followed by water (Prianisch- 
nikoff, Bl [2J 16, 303).—8. From a-bromo-pro- 


pionyl bromide by successive treatment with 
ZuMej and water (Kasohitski, 0.0.1881,278).— 
3. By acting on ZuMe.. (5 pts.) with chloral (2 
pts.) (Bizza, Bl. [2] 38, 161). -4. From ZnMe, 
and di-ohloro-acetyl chloride, the yield being 
G p.o. (Bogomoletz, Bl. [ 2 ] 34,330). 

Projjcrftes.—Liquid, smelling of camphor, 
solidifying at yl4°. Cto oxidation with chromic 
acid mixture it gives a^tone and acetic acid. 
References. — Bbomo- and CnLono-nExn.- 

ALOOHOL. 

(n)-H£XYI.AUIK£ 

CH,.C^.Cn,.CH 3 .CH..CH 2 .NH 2 . (129°). S.G. 

*77. « Oocur 8 in cod-liver oil (Gautier a. 
Mourgues, 0. R. 107, 254). Obtained from 
n-hexyl chloride ^(derived from »-hexane in;, 
petroleum) and NH, (Pelouze a. Cahours, A. C’/i. 

Breparation.~~k i^ixture of equal mols. of 
the amide of hexoio acid and bromine is run into 
an excess of a 10 p.c. solution of FOH at 60° ; 
the yield is 70 p.o. (Hofmann, B. 15, 771; 

1 Frentzel, B. 16, 744).—B'HCl: lamia®.— 

I B'jHjPtCl^: scales. 

I Itfihexyl-amine -Pr.CHa.CH;..CHi,NH 2 . From 

I isohexyl iodide and alcoholic NHj#(Kossi, A. 

I 133,181).—B'..n,rtCl„: scales. 

! ( 3 ) - Hexyiamine Pr,ClI,.CHMe.CH,NH2. 

'■ (116° i.V.). S.G. '76. Formed, together with 
hexylene, by heating ( 8 )-hexyl iodide with NH, 
(Uppeukanip, B. 8 , 66 ; Jahn, B. 15,1292; Jlf. 

; 3, 170).—BLH,PtCi^: golden plates. 

: i'eri-hexylamine CMeEtNH^. (109''}. From 

’ thecarbamine CMeEt^NC andHClAq (Schdanoff, 

! A. 185,123). 

i Di-n-hexyl-amine (C,H„),NII. (11J0“-195°). 

^ From alcoholic and n-hexyl chloride 

derived from n-hexano of petroleum (I*, a. C.). 

Tri-n-hexyl-amine (C,.H„),N. (260°). Fiom 
n-hexyl chloride and alcoholic NHj (P. a. C.). 
Formed also by distilling with lime the com¬ 
pound of heptoic aldehyde (ounanthol) with NH, 
and SOj (Petersen, JE. 101, 310; 102, 312).— 
B HCl.—B'jH^PtClg: glittering lamin®. , 
Ethylo-iodide (CgE,j),NEtI: liquid. 
HEXYL-BENZENE 

Ph.CH,.CH 2 .CH 2 CH(CH,) 3 . Cajyryi-henzene. 
(212°-213°) at 733 mm. S.G. *857. From 
benzylCjromide, iso-amyl bromide, bcnzoiie, ana 
sodium (Schramm, A, 218,391; c/. Aronheim, 
A. 171, 223). 

Reaction. —Bromine vapour at 160° forms 
PhCHBr.CH,.CH,.CH(CH,),, which, on distilla- 
tion, gitfes HBr and phenyl-hexylene, whose di- 
bromide Ph.CHBr.GHBr.CHj.CHMe^ forme 
needles or plates [79°-80°j. 

Pc/erence.—D i-bbomo-iHEXtl-benzbnk. 
«.HEXYL BEOMIDE 0,H„Br. (166° cor.) 
S.G. 2 1*194 ;'22 M 73 . ^rom n-hexyl alcoho 
and HBr (Lieben a. Janecek, A. 187,137). 

Hexyl bromide Pr.CHMe.CH^r. ( 0 .144' 
cor.). From the corresponding alcohol and oonc 
HBrAq at 130° (Lieben a. Zeisel, M. 4 , SS; 
Converted by water (80 pts.) at 150° int 
hexylene. •' 

Nsc-hexyl fartAnide Pr. 0 H 3 .CHMeBr. [144° 
From boiling n-hexane and bromine (Schoi 
Ummer, A. 188,250). 

HEXYL-CHLORAL «. Tbi-05Z.obo-bi&xo: 
'aldeuyds. 
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n.HEX1L CHLOSIBE 0,H,,C1 

Pi CH. _ ^ _ 

^Lieben 

745). PuXUlQU, bU(^«2l>UUL' WibU ^PJ>Ut9&JJl UUAUitUC, 
by oMoxiiiating n-hexane (CahouiB, C. B. 10, 
1241). 

Sec-bexyl chloride 
CH,.CHC1.0Hj.CHj.C^.CH,. {^-Hexylchloride, 
(126®). From cold firoiing HOl and hexylene,* 
derived from M'bexane (got from mannite) by 

'--i!__ 3 _A 


nyar<T-ai-ioaiae v?rtn Booiurn. ii none at o»-, 
and has S.G. ^ -694 (Wnrtz, A. Ch. [4] 3,129). 
Greville Williams (T. 1847 ; A. 108, 8841 found 
a hexylene boiling at 71° among the products of 
the distillation of Boghead coal. Thorpe wd 
Young (i4. 465, 8) obtained a hexylene boiling 
about 66° to 70° from strongly heated paraffin. 

„ TT_1__ +V»o mami- 


derivea irom Tt'iiexane (goi irom mannue; o; ; auuuv uu i.u lu num ouuu^ijr hoovon* 
chlorination and Bubaequent treatment with | n-Hexylene is among the products ot the manu 
-1 _ 1 __ tn D». ‘10 aftn • i fnnMiro nf nil ffas fArmstroriff. G. J. 49. 74). 


OUluriMovluu nuu. DUUD<;<.£UOUV iiAoa)i>*uvA.v 

alcoholic potash (0. Schorlemmer, Pr^ 29, 365 , 
T. 171,462; Domac, M. 2, 313). 'Formed also, 
together with n-hexyl <^oride, by cVlorinating 
n-hexane (Schorlemmer, A. J,61, 272), and by 
saturating (3)-hexyl alcohc4 with HCl and beat¬ 
ing in a sealed tube at 100° (Erlenmeyer a. 
Wanklyn, 0. J. 17, 10(^. With Pb(OAo)j and 
glacial acetic acid at 126° it forms hexyl acetate 
C«H„0Ac. If this is pt)d. by water and saponi¬ 
fied by s]^ong potash an alcohol or mixture of 
alcohols (T30°-140°) is got. This alcohol ^ves 


IB auiuug liUO piVtAUt..*0 VA MABV A.A. 

facture of oil gas (Armstrong, C. J. 49, 74). 

#Proper^ie5.—n-Hexylene does not combine 
with fuming HCl in the cold; but at 100° it 
forms hei^l chloride (123°). With bromide of 
nitrogen if forms a heavy oil (A. K. Miller, C. J. 
Ptoc. 3,114)). 

(/8)-Hexylen8 CHa.CH,,.CIlj.CH:CH.CH,. 
(69°) (W. a.*E.); (67°) at 738 mm. (Hecht a. 
Strauss. A. 172, 62). S.G. a -700. V.D. 2-92 
(etde. 2*90). Obtained, apparently in the pure 
state, from the n-hexane derived from mannite 


alrnhola (l30°-140°) is KOt. ims alconoi gives i siai-e, iiuui «.uo ---. • 

on oxidation BOBtic and butyric, but no propionic ; b^chbn^^^^^ 

“ Hexyl chlorido ft.OHMe.CH,ci (lg4’). A KOH at lOO” (Schorlemmer, Pr. 29, 366). 

"seo-bWlohorWeW 

H^'ciir and the r^ixfd hexylene? obtained petroleum 

__ . - j.«. ?ni. . _hmifi n.T, i Oil 


Cluauon UA gijruciin «a«a. . 

[2] 34,«146). The corresponding alconol boiia ai 
126°-r29°. and gives on oxidation a ketone 

S?c-hexyi chloride C„H,3C1. (123;). Ob- j and_ acntio^acids.-^. CIO, j^as Jfrom KUO. 


I,.CH ..CH,..Cn,.CHCl.CH 3 (125°) (Schorlem- 
iii'-n- ‘i. Ill forms (8)*hexyl iodide (168 ).— 
a. Chromic acid mixture oxidises it to n-butyrio 

'■ Sec-hexyl chloride C,H„C1. (123“). Wl pU^ 

tained by heating with HClAq lor ^ (q'pteOf <“"“3 butyric acid, and 

185° the hexylene left uncombinal m , HP ' P‘ )) ^ hydrogen 

the preceding hexyl (‘“4- l t““^ndarV hexyl 

identical with (3)-hexyfohlondo. When heated ; ^ y Qu^uQm /i40») (Domac, Af. 

with»Pb(OAo); and HOAc at 120° it ^ves a ' o. «X 3 Wd'with water 

hexyl acetate ^hich, on saponification, yields a , j* ^jggojves (8)-hexy]M?e, and on adding 

het^l alcohol (132°-137°). wh.ch I . , 

ohromto acid mixture, even in the cold, to a ; Tetra-^tkylsthylcne. 

SG 2 •712.* Formed by the action of 
iLVholio i'oH on CMcPrKJawain A.196 263; 


• chloride CMe..OHMe.Ck (U4°ft 

0 -899* *875. From the corresponding 

bImW and HCl (Friedel a. Silva, Bl. [2] 19, 

^^^Irert-hoxyl •hlorido CMe,PrCl. 

From the alcohol and PCI, (Butlerow, ,7. 1864, 
497) Partially decomposed on distmalion. 

Terf-hexyl chloride CMeaPrCl. [-2°]. 

■ 8.0 4 -897; «-878.. From CMe,:CM% and HCl 
(Pawloff. A. 196, 124; Ka8ctar|ki, 0. C. 1^881, 
07 ai Also from Fjifr and Cl (Silva). 

Tcrf-hexyl chfittide OMeEtaOl. (110°). 

From the alcohol and PCUButlerow). 

Hexyl chloride CA.d- (122^. S.Q. 
•8948. From f-^P'®?/* Sf' Sf 

chlorine (Schorlemmer, A. IM, 184). Silva^l. 

121 6, 36: 7, 963) obtained, however, OMe,PrCU 
(118°) and Pr.CHMe.CH,Cl (124 ). 

' HBXYL-CYAHIO acid V. Ctasio aoid 
n-HBXTLEITE C,H„ , 


alcououo nun uu - v- - ™ „„; 

PawloB, A. 196 , 124 ; Rizza, B. 1882 , 98 , 
C J. 42 , 491 ). Formed 

heptylene, by heating PB 

and Mel for eight hours at 225 (^'tekofl, J. B. 
14 *^ftO) Forms a dibromide Caxi|.i>r 2 |..to» j» 
i ifp'i. soSn of CrO, completely oxidrsea 
tetra-methyl-etbylene te acetone. Butlerow (/« 
R 11 219 ) also obtained tri-methyl-acetio 

feid by O^dition. H SO. (f vols.Vm»ed mUt 
water (1 voU. polymenses it taCjtH^at oO . 

Heiylie'cV,.CH:CH,. (>). f^®^ 
colin Mdo by distillation with water (FnC^ 
a? SUva. C. B. 76 , 226 ). Forms a oryataUi* di- 

*’'‘’H«ylsne ‘CHMsiCMoEt. ( 70 > 8 .H- 

•?*i;oUo'KOH°(isSwsfy~“°“W 1 

daweto A.’w? 266 ) It is^Iso apvpduct of ih. 
Sn of stoo aid glacial acetic emd. oi 
CH,.CH,.CHMe.OHMeI (WhUoenui, A. 219 
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S13). Combine! with HI toiming OMeEtJ. 
Chromic acid oxldisea it with difticulty forming 
acetic acid and t BxnaU quantity ot a ^tono. 
By. agitating the hexylene (1 vol.) with (2 vola. 
of) a mixture of (2 pts.) and wat^ (1 pt ) 
at 0 ® tintil it is dissolved, and subsequently 
exposing ^e solution to the air, there is formed 
an oUy dqdeoylene G„H^ (196®-199°); S.G. 
•809; ^ -798. O.E. -00080. 

Hexylene CHBt-.OMe,. ( 66 ®). S.G. ^ -702; 
U *687. O.E. '00117. From CMejPrl and al¬ 
coholic KOH (Jawein, A. 195, 255). Chromic 
acid oxidises it to acetic and propionic f*cids 
«id acetone. Polymerised in the same manner 
as the preceding body, forming ajdodecyleno 
C„H„ (196®). S.G. a -795; i® -786. C.E. 
•00066. 

Hexylene C^Hi.^. (60®-70®). Q|>tained by dis- 
tilling fusel oil with ZnCl, (Wurtz, A. 128,228). 
Forms a dibromide C^jjBr, (190®-200®). 

Hexylene 0,H„. (65®). S.G. 2 694. ';Ob- 
tained by distilling the lime-soap obtained 
from whale oil (Warren a. Storer, Z. 1868, 228). 

Hexylene C,H,y (67®-70®). In oil of resin 
(Renard, A. Ch. [ 6 ] 1, 227). 

Hexyleoe OjH,j. (70®-80®). Dipramjlcne. 
Prom propylene bromide, zinc, and HOAc (Pru- 
mer,0. B. 76,98). 

Refermces. —Bbomo- and Di-culobo-hexyl- 

ENB. 

Bi-hexylene v. Dodecvi.kne. 

HEXYt>:HE ALCOHOL v. Di-oxy-hexane. 

HEXYLENE CHLORHYDEIN v. Cimor.o- 
RHXTL ALOOnOL. 

HEXYLENE 8SLYC0L u. Di-oxY-nEXANE and 
PlNACONE. 

HEXYLENE IODIDE v. Dmodo-uexanb. 

HEXYLENE OXIDE C«H,„0 i.e. 

Formed from CMe,:OMe, 

by conversion into CMejCl.CMepH [65®] and 
treatment of this chloro-hexyl alcohol with EOH 
(Eltekoff, Bl. [2] 40, 23; J. R. 1882, 355). 
Combines with water witlf evolution of heat, the 
product being pinacone. * 

Hexylene oxide C^Hi^O i.e* 

® 

(^)-hex^lene Er.CH;CHMe, by successive treat¬ 
ment with ClOH and cone. EOHAq (Elte¬ 
koff, JBL [2] 40, 23; Henry, A. Ch. [ 6 ] 29, 
663). Liquid. Does not combine with cold 
water, but at 100 ® it forms di-oxy-hexane 
PrC^OH).OH(OH)rae'. A mixture'' of H^SO, 
and HNO, forms the nitrate C,H„(NO,) 2 . 

Hexylene oxide C,H,oO i.e .« 

0<^iMe:OH?>’ .W- S.as-837. S. 7 
in the cold. < 

FomMtion. —1. Together with hexenyl alco¬ 
hol, by tne aoticu of Ag^O on the di-ipdo-hydride 
of dialiyl (di-iodo-bexane) (Wurtz, A. Ch. [4] 3, 
r?^—2. By treating dialiyl with HjSO^ and 
disHiling with water (Jekyll, Z. 1871, 36). 

Propertm.—hiqriid, does not react with 
KaHSO,r hydroxylaipine, ammoniacal AgNO„ 
cold HOlAq, or water at 170®. Does not ppt. a 
solution of MgCl,. Sodium-amalgam does not 
^ reduce it. 

iieocfiojM.-l.HClAqat 160® forms a ohloro- 
hexyl alcohol (170®.180®) (B4hal, Bl [2] 48,43; 


A. Ch. [6] 16,200) and, finally, di-ohloro-hexane. 

2. Fuming IMAqat 100® forms sec-hexyl iodide. 

3. Cimmic add mixture oxidises it to CO* and 
acotic aoid.—4. Excess of bromine forms di- 
bromo-hexane and an aldehyde. 

Hexylene-J-oiide 

(104“ at 720 mn.). S.Ot 2 •8739. Very mobUe 
colourless liquid of strong ethereal smell. Y. 
sol. alcohol and ether, si. sol. water. Volatile 
with steam. Prepared by heating the glycol with 
3 pts. of (65 p.o.) at 100®. It is not 

affected by noating with water or with aqueous 
or alcohdiio NHj even at 200®. By boiling with 
dilutS HCl it is converted into the clilorhydrin 
(Lfpp.B.lS, 3283).*' 0 

Hexylene oxide (116°)- 

From Pr.CH2.CH(0H)fCH.X0H) by conversion 
into the chlorhydrin (chloro-hexyl alcohol) and 
treatment of the latter with EOH (Wurtz, A.Ch. 
[4] 3,184). 

Hexylene oxide? CJI,„0. (185°). From 

PrPr by conversion into C„H, llr,. and treatment 
of this di-bromo-hexane with AgOAc^nd KOH 
successively (Silva, Bl. [2] 19,147). 

HEXYLENIC ACID v. Hexekoic acid. 
HEXYL^GLTCEBIN V. Tbi-oxy-hexane. 
HEXYL-GLYCOL v. Di-oxy-hexane. 
HEXYL-GLYOXALINE 

G3H,(0«H„)No. Glyoxalcenanthyline. [84®] 
(i.adziszewski, B. 16, 748); [61®] (Karez, M. 8, 
218). (295°). Prepared bythc action of glyoxal 
on heptoic aldehyde-ammonia ((Bnanthol-ammo- 
nia) in alcoholic solution (R.), or by passing NH, 
into a mixture of glyoxal and heptoic aldehyde 
(E.). Thin glistening needles; sol. alcohol, si. 

' sol. ether, insol. water. Karez attributes the 
difference in the melting-point, as observed by 
; himself and by Radziszewski, to the existence of 
two allotr^pic forms of the hexyl-glyoxaline. 
Mol gives C,H,Me(CflH.JN, (262®); EtI and PrI 
' act in like manner. 

Salts. — BHCl: oolourlesf deliquescent 
' needle 8 .-B'HBr.-B',H,C 204 . [121®]. 

; HEXYL HEPTADECYL KETONE i.e. 

C,H„.CO,C„H„. (248°) at 10 mm. Formed by 
I distilling, barium stearate with barium heptoate* 
(Krafft,H.15,1718). *, 

HEXYL HYDRIDE v. Hexane. 
m-HEXYL iodide C,H„I i.e. 
Pr.CHj.CH,.CH,I. (177®) (Dobriner, A. 248, 27) { 
(179'6°) (Franohimont a. Zinoke, A. 163,196); 

I (182° oor.) (Lieben a. Janecek, A, 187,188). S.G. 

§ l-4t'61 (D.); 1-412 (F. a. Z.) i s 1-461 (L. a. 

J.). O.B. (0°-10°) 00096 (E.). 8.V. 173-8. Pre 
pai^d from n-hoxyl alcohol and HI. 

Hexyl iodide C,H„I. (172°-176‘'). S.G. u 
! 1-43. Obtainod.from petroleum hexane otilhexyl 
I alcohol (Felouze a. Cahours, 0, B. 64,1241). 

I Sec-hexyl iodide 0^, J t.e. Fr.CH,.OHI.OH,. 

I (eyhexyhiodidt. (168° i.V0. S.G. 2 1-46; » 
1-4269: « 1'4168 (Perkin, 0. J. '46, 463). O.E. 

I, (0°-60°) -00092. y.M. 14-829 at 23-9°. 

I Formation, —1. By boiling mannite or dul- 

1 one with a great exoese of conc.HIAq (Wanklyn 
I a. Erlenmeyor, Z. 1861,606 -, 1862,641).—2. By 
I the action of HI on (6)-heiylene obtained by 
treating the di bydro-di-iodide of dialiyl with 
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oxide (9B®) and HI (JekyU, 0. N. 29, 221) 

Preparation. —1. Mannite (24 g.) is distilled 
with aqueous HI (300 o.o. boiling at 126®) and 
clear phosphorus in a our^t of COa- The yield 
is nearly the theoretical (E. a. W.).—2. Iodine 
(76 g.) and water (130 g.) are treated, in an at¬ 
mosphere of CO^, witd clear phosphorus until* 
colourless; mannite (25 g.) is then added, and 
the mixture distilled in a current of CO, (Domac, 
M. 2, 310; cf. Hecht, A. 165, 148).—3. A mix- 
ture of mannite (200 g.) and rei phosphorus 
(100 g.) is added slowly to HIAq (500 g. of 57 
p.c.), and the mixture distilled in a Current of 
CO, (Hecht, A. 209, 311).—4.*A good yield is 
obtained by distilling mannite with fuming 
HIAq and a little amorphous phosphorus (Schor- 
lemmer, T. 171, 452). • 

Properties. — Liquid, smells like isoamyl 
iodide. 

ReaeticMs.’^X. Alcoholic potash gives (/3). 
hexylene.—2. By heating with water at 190® it 
gives hexylene. By boiling for a long time with 
a large excess of water (45 pts.) scc-hexyl alco¬ 
hol is the chief product, hexylene beidg also 
formed (IWedcrist, A. 196, 351).—3. With moist 
Ag,0, with zinc and water, with^zinc and alco¬ 
hol, with silver oxalate, with sodiure, with mer¬ 
cury, and with ZnMe,, it yields hexylene.—4. 
When (/3)-hexyl iodide (100 g.) is heated with 
ifidine (25 g.) for 6 hours to 256® it yields hexane, 
HI, a little Mel, and a combustible gas (Rayman | 
a. Preis, A. 223, 322).—5. Chloride of wdine lit j 
240® gives hexa-ohloro-benzene, CCl^, C.^Clg, and ^ 
O^Cla (Krafft, B. 9, 1085).—6. Chromic acid 
mixture oxidises it to acetic and butyric acids 
(Heoht,^. 11,1421). I 

iSec-hexyl iodide C^HuI i.e. Pr.CHEtl (?) j 
methylated ethyl iodide. (100®) at 70 mm. 
From di-ohloro-di-ethyl oxide CH.,Cl.CHC1.0Et 
vid CH,Et.CHEt.OEt (Lieben. A. 178,18). Pro- 
bably identical with the following. • ^ 

Sec-hexyl iodide Pr.OEEtl. (165®). From 
the slQohol and HI (Oechsner de Coninck, Bl. 
[2] 25,9). . , „ 

Sec-hexyl iodide CHMeEt.CHMeI. Irom 
the corresponding hexyl alcohol and HI (Wisli- 
oenus, A. 219, 310). Liquid; decomposed on! 
•distillation. Zino and acetic acid reduce itto*! 
OHieEt-CHaMe, a hexylene, and a dodecylene, 
some methyl-di*ethyl-oarbinolbeing also formed. 

Sec-hexyl iodide (CHs)sC.CHMel. (142®). 
S.G. ^ 1*474; ^ 1*442. From the corresponding 
aicohol and PI, (Friedel a. Silva, C. i2.*76, 226). 
Partially split up on distillation with water mto 
HI and a hexylene (70®). * 

Hexyl iodide C«HyI. (o. 160®). Formed by 
combination of HI with the hexylene derived 

from fusel oil (Wurtz, A. 128, 22$). • 

Terf-hexyl iodide OMeEt,L (142®). Formed 
by leaving equal volumes of m§thyl-di-ethyl- 
oarbinol.and fuming HIAq to stand in 
Formed also from CHj.CH:OMeEt and HI ^is- 
UoenuB, A. 219, 818; Tschaikowsky, *J-.1872, 
860; Reformatsky,[2] 86, 340). Liquid; 
partially decomposed on distillation. 

W-hexyl iodide OM 0 ,PrI. (142®). Fome4 
by the action of HI on di-methyl-propyl-oarbmol 
or on CMa,:OHEt (Jawein, A. 196,254). 

Terf.hexyl iodide CM 0 ,FrI. (142®). 

»1*394; ia 1*878. From OMe.;.CJIej ana Ml 


sehirski, C. C. 1881, 278). SUghtly decomposed 
by dialillation. 

pi.HEXYL KETONE C„H*0 i.e. (C,H„),CO. 

[30®]. cor.). S.G. ^ -826. Formed by 

the dry distillation of calcium hepioate (cenan- 
thoate) (Uslar a. Scekamp, A. 108,179). Large 
colourless laminie (from alcohol). ' 
Scc-HE2rtfL-MAL0NIC ACID 
CaH,j.CH{CO,H) 2 . [c. 86®]. From the ether by 
saponification. Nodules, v. sol. water, alcohol, 
and^ther. 

Ethyl ether (251°). From sodium 

malonic ether and (3)-hexyl iodide (Lundahl,B. 
16,789). • 

n.(?)-H]^YL MERCAPTAN C„H„SH. (145®- 
148°). From petroleum hexane by conversion 
into hexyl chJbride followed by treatment with 
KSH (Pelouze a. Gahours, A. 124, 291). 

Scc-hexyl mercaptan Pr.CH,.OHMo.SH. 
(142°). S.G. 2 *886. From (/3)-hexyl iodide and 
cone, alcoholic KSH (Wanklyn a. Erlenmeyer, 
A. 135, 150). Colourless oil, with unpleasant 
smell.—Hg(SC„H„),. Liquid. S.G. 2 1-650. 

HEXYL-NITROUS ACID so-called. 

(212°). S.G.S1’1881, Formed by 
the action of HNO, on methyl-hexyl ketone 
(Chancel,a2?.94, 399; 100,601). Oil, slightly 
decomposed by distillation. May be reduced to 
n-hexoio acid.—CoHnKNjO,: slender yellow 
plates (from water); si. sol. water. Decomposes 
without detonation when heated. The silver 
salt is a similar body. 

DI-scc-HEXYL OXIDE (C*H„).,0. (204®- 

200 *). Formed, together witb.a hexylene and 
hexyl alcohol, by the action or moist Ag.p on 
(3)-hcxyl iodide (Erlenmeyer a.Wanklyn,Z. 1863, 
274). Thick yellowish oil. 

HEXYL-PARACONIC ACID v. Oxt-hbptyl- 
acrcciNic acid. 

HEXYL PENTADECYL KETONE C„H„0 U. 
C«H,s.CO.O,jH„. (231®) at 10 mm. Formed bj 
distilling a mixture of barium palmitate and 
barium heptoate (Kraui, B. 15,1718). 

HEXYL SULPHIDE# (C«Hn),S. (280®). 

From petroleum hexane vmI hexyl chloridt 
(Pelouze a. Cahours, A. 121, 591). Oil. 

HEXYL SULPHOCYANIDi; CeH„SCy 
(215°-220°). S.G. -922. Formed by heating 
potassium sulphocyanide at 100® with an alco 
holic solution of hexyl chloride derived from pe 
troleum (Pelouze a. Cahours, A. Ch. [4] 1, 5) 
Fetid liquid* 

5ec-hexyl sulphocyanide Pr.CHj.CHMe.SCy 
(207°). Prepared by boiling equal parts of (0) 
hexyl iodide with potassium sulphocyanide dia 
solved in alcohol (Uppenfcrynp, B, 8, 66). Oil 
with alliaceous odour. 

n.HEXYX THIOCilRBIMIDE OA,NCg 
(212°). Popped by distilling cufrio n-nexyl-di 
thio-carbamate with steam (Frentzel, B. 
746). Pungent oil. ^ 

5ec-hexyl thiooarbimide Pr.OH,.CHMeNCf 
(198°). S.G. *9^ From (j8)-hexylamine by boi 
4ng with CS„ and alcohol, eyaporating, aid hea 
ing the res'idue with a solution of mercuri 

chloride (Uppenkarap.B. 8* 66). Oil. Converte 

by hot cone. H,S 04 into (^)-hexylftmine. 

n-HEXYL THIO-UBEA C,H„N,S i.e. 
OS(NH,)(NH.C,H„). [83®]. From B-hex; 
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liocarbimide and aloohoHc NH^ (Frentzel, B. 
5, 746). White^latea (from alcohol). 

Di-n-hexyl thlo-urea OSINHO.H,,)^^ [40^1. j 
btained by heating n-hexylammoniumn-hexyl -1 
i-thio-caibamato (F.). White plates (from 
ioohol). 

HEXYL.TEISECTL.B.ET05E G,oH„0 ix. 
3,H„.00.0|aH,v (210® at 11 mm.). Formed by 
listUlmg a mixture of barium heptoate and 
)aTium myristate (Krafft, B. 16,1717). 

E£XYL-ITB£A. Heptoyl derivative 
03„NH.OO.NH.CO.OttH„. [97®]. Formed by 
the action of KOR on a mixture of the amiHe of 
heptoio (mnanthoic) acid and bromine (Hofmann, 
B. 15, 759). Pearly plates; insol. T;ater. 

Beo<hexyl-urea NH,.CO.NH.OHMe.CHjPr. 
[127®]. (o. 220°). From (] 0 )-hex 3 fi iodide and 
silver oyanate, the resulting thio^arbimide being 
decomposed by shaking with aqueous ammonia 
(Gbydenius, BL [2] 7, 481). Slender needles 
(from water); v. sol. water, alcohol, and /ther. 
Not decomposed by cone. KOHAq below 200°. 

HIPPABAFFXN v. Dibenzoyl derivative of 
Mbihtlbnb>diasiinb. 

■IPPTTKIC ACID OjEgNO, i.e. 
NHBz.GH,.GO,H. Benzoyl-glycocoll. BenzoyU 
amido-acetic acid. Benzamido-acetic acid. Mol. 
w. 179. [187°]. 8 .G. 1-303 (Schabus, Site. W. 
1850,211). S.'17at0°. S. (isoamyl alcohol) 2 at 
9°; 33 on boiling (Campani, B. 11,1247). 

Occurrence.—1. In the urine of herbivorous 
animals and in small quantity (o. 1 g. daily) in 
that of man (Liebig, A. 12, 20; HenneWg, 
Stohmann a. l^utenberg, A. 124, 181; Bence 
Jones, C. J, 16^ 81; Thudichum, 0. J. 17, 55; 
Weiamann, J. pr. 74, 106; Wreden, J. pr. 77, 
446; Hofmeister, L. V. 14, 458; Wildt, B. 6 , 
1410; Kraut, C. C. 1858,831; Loew, /. pr. [2] 19, 
809; Stadelmann, J. 1879, 982; Schwarz, A. 
64, 32; Weiske, Wildt a. Pfeiffer, B. 6 , 1410; 
Hallwachs, A. 106,164 ; E. Salkowski, B. 11,500; 
Weyl a. Aurep, B. 13,1092; Garrod, Pr. 35,63; 
87,148; Minkowski, J. 1883, 1440).—2. In the 
blood of oxen (Yerdeil p. Dollfus, A. 74, 214).— 
3. In the human ^ epidermis in ichthyosis 
(Schlossberger, A. 93, 347). 

Formation.—H.. Excreted by tho animal or* 
ganiam after introduction of benzoic acid (Bouis 
a. Ure, B. F. 22, 667; l-'ie. /. ph. 27, 646;- 
Keller, A. 43, 108; Garrod, P. M. [3] 20, 501). 
Quinic acid ^autemann, A. 125, 9), cinnamic 
acid (Erdmann a. Marchand, B. J. 23, 646) 
toluene (Naunyn Schultzen, Z. 1868, 29), 
and phenyl-propionio acid also yield hippurio 
add when passed through the animal organism. 
Since phenyl-propionic add is produced by the 
pancreatic fermenta^on of proteids, hippurio 
acid is, at any rate m part, due to the decom¬ 
position of proteids (E. a. H. Sal!.ow 6 ki, B. 12, 
654; Baumann, H. lO) 181).—2. From benzoyl 
chloride and ‘'zinc glycocoU or Pom glyoocoll 
<and benzoic acid at 100° (Dessaignes, C. R. 37, 
afti). The yield is very bad.—3. From ohloro- 
acetio acid and benzamide (Jazukowitob, Bl. 
[2] 8,^861). The yield is bas.—4. By heating 
glycoooU with ben/soio anhydride (Gurtius, B. 
17, 1662).—4. From silver glyoocoll and BzGl 
(Curtins, /. pr. [9] 26, 170).—6. By adding 
benzoyl chloride to an aqueous solution of gly- 
oocoU and making alkaline with NaOH (Baum, 
B. 19. 502). 


Preparation,—1. The urine of horses or oows 
is boiled with addition of some milk of lime, 
filtered, neutralised by HGl, evaporated, acidi¬ 
fied by HCl aud allowed to stand. Hippuric 
acid is then deposited as a yellowish-brown pp 
(Gregory, A. 63, 1*5; c/. Mey, 0. J. 5, 97) 
When horses* urine is quickly evaporated th 
hippurio acid fs partlj^ converted into benzol 
acid. Crude hippurio acid, obtained as abov« 
is then mixed with rather less water than wi 
dissolve it at 100°. The liquid is then heate 
to 100 °<-and chlorine passed in until the ui 
pleasant odour of the crude product has dii 
appeared. The liquid is filtered hot, and tl 
acid that separates on cooling is subjected 
second time to the same treatment, chlorii 
being passed in thi^time until the liquid 
bright yeMow. Tho yield is 65 p.o. of the era 
acid (T. Gurtius, J. pr^ [2] 26,149; cf. Daub< 

A. 74,202; Conrad, J. [2] 15,242; GSssmat 
A. 99, 374; Schwarz, A. 54, 29; Hansen, J. 1 
1881,117).—2. Silver glyoocoll is suspended in 
a mixture of benzene (1 vol.) and ether (2 vols.) 

: and benz&yl chloride is added. On warming 
AgCl Is formed together with several acids. The 
liquid is evaporated and benzoic aqfd removed 
by solution in ether. Three nitrogenous acids 
remain. 1h<J’y are dissolved in NaOH, reppd. 
by HCl, dried and extracted thoroughly with 
chloroform. This dissolves tho hippurio acid, 
which is present in greatest quantity. One of 
the remaining acids is hippuryl-glycocoll ( 3 . o.) 
fCurtius, J. pr. [2] 26,168). The other has the 
^rmula CioHuNjO^. Both these acids split up 
with formation of hippurio acid when they are 
heated with dilute HCl. 

Pr< 3 pfir<i« 5 .—Crystallises from wator in very 
large trimetrio prisms; ai6:c='974:l'161:l. 
Has a slightly bitter taste, and strongly reddens 
litmus. SI. sol. cold, V. sol. boiling, water. V. 
sol. hot alcohol, v. si. sol. ether. Less soluble 
in water containing HGl, and hence is ppd. on 
adding a considerably, excess of HCl to cow’s 
urine. Dissolves readily in water containing 
sodium phosphate, the solution becomuig acid; 
in this respect it resembles uric acid. Insol. 
benzene, CSj, and cold chloroform. Sol. EtOAo. 
FeCl| forms, in a dilute solution of ah alkaline 
hippurate, a cream-coloured pp. of basic ferric 
hippurate FeA',FejO, IJaq, which is moderately 
soluble in excess of ferric chloride (E. Salkowski, 
Z. [2] 4, 313). 

Estimation in urine.—1. lieoently calcined 
MgO is added to 1 litre of urine, the liquid is 
concenirated, acidified with HCl and extracted 
with ether (A. W. Blyth, Pr. 87, 60).—2. 260 
c.c. of urine are evaporated to 80 0 . 0 ., 4 g. of 
sodium phosphate are added, aud the evapora- 
tfan oontinufd to syrupy cousisteuoe. Plaster 
of Paris is then added till the mass can be 
powdered, adter which it is extracted first with 
light petroleum and then with ether. The 
ethereal extract is evapoi 1 ited,'and the hippurio 
acid decolourised with chtfcoal,crystallised from 
'Water, and weighed (Voelker, Fr. 26, 402), 

Reaciwna.-^. On Mating to 240° hippurio 
acid begins to boil, giving off benzoic acid and 
benzomtrUe(G5s6mann,A.I00.69;;Llmprioht a. 
von Uslar, A. 88,188).—2. Boilio^ aqueous hy- 
drochlorio acid splits it up into benzoic acid and 
glyoocoll. Dilute H 28 O 4 ,2NO|, and oxalic acid 
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behave is like manner.—8. By boiling tor half 
an hoar with aqueous caustic potash it is re¬ 
solved into gtyooooU and potassium benzoate. 

Boiling nulk of lime does not efiect its bjdro- 
lysis. 4. Some ierments hydrolyse hippuric 

acid (Buchner, 4. 78, 2»3).-6. Nitrous acid , ___ „„„ 

converts It into the benzoyl derivative oiglycollio alcohol, si. sol. ether 
™ nitrpgen.-6. When the surface ol water.' 

bolida With NaOBr an" an excess of alkali for sf 
long time, a bright-red powder is deposited on 
cooling (Deniges, C. R, 107, (iC2).—7. HCl and 
KCIO, form ohloro- and di-chloro-hipnurio acids 
(Otto, A. 122, 129).—8. A cold mixture of H^SOg 
and HNO, forms nitro-hippuric acid.—9. BO. 


[18B®].—21. Phtlialic anhydride 
^elds a compound C^H.gN.O, (E. Erlenmeyer, 
lun.,B.22,792). ^ ’ 

Salta.—lonned even in pie- 
aence pt excess of lildj. Square-based prisma 
with four-sided summits, y. sol. water and 
Gyrates when thrown on 
KA' aq: prisms, sol, water 
and alcohol*—KA'HA* aq.—NaA' ^aq i v. sol. hot 
water and alcohol, si. sol. ether.—BaA', aq: 
prisms, sol. water; forma with barium benzoate 
the double salt BaA'^a{OBz)j5aq.—CaA',3aq : 
^metric prisms. S. 6-6 in the cold; 17 at 100®. 


, V- , . ' .? - 1*32.—SrA'.^5aq: si. sol. cold water and 

gives suipho-hippuno acid.—l^.C^tZonnspassed , alcohol.-^IgA'5aq : white nodules, sol. water.— 
^ into a solution of hippuri# acid in dilute KOH i ZnA'jSaq: laminte. S. (of ZnA'a) 1*8 at 17'5®* 
forms benzoyl-glycoUic acid, nitrogen being ' 25 at 100».-CuA'j3aq; azure prisms, si. sol. 
evolved (Gossra^n).—H. The prolcyged action cold water.—PbA'j 2aq: silky needles, deposited 
of PClj forma C^EjNClg probably hexa-chloro- on diluting aboilingsolution.—PbA'jSaq: broad 
isoquinoliue tetrahydride 5aq; rose-coloured needles— 

^ . \CCla*NCl NiA jSaq: si. sol. cold, m.sol. boiling water and 

[134°] (Bugbeimer, B. 19, 1169). This body boiling alcohol, insol. ether.—CoA', 45aq (Gaud* 
crystallises in plates. By distilling hippuric | novitch,J.pr.82,277).-LaA'84.\aq(Czudnovitoh, 
acid (1 mol.) with PClj (2 mols.) Sqliwanert {A. ■ J.pr.80,31).—FeA'g(Wredeu, U. CM859,562).— 
112, 69) obtained C#H„C1N0 [50°] (22^)°) and Fe(OH)A '2 (Salkowbki, J’.pr. 102, 327 ; c^Putz, 


Gpll —12. Boiling with MnO, and very 

dilute forms benzoic acid, NH,, and GO,.. 

13. When heated with PbOj and excess of UNO, 
or H^SOg the product is the di-benzi(yl derivative 
of methylene-diamine (hipparatlin).—14. Boil¬ 
ing with water and PbOj, with addition of only 
enough H 2 BO 4 to combine with the lead, pro¬ 
duces benzamide (Fehling, A. 28,48; Schwa»z, 

A. 76, 190).—16. Ozone oxidises it to benzoic 
and acotio acids (Gorup-Besanez, A. 125, 217).— 

16. By boiling with KMnO^ and KOH all the 
nitrogeji is expelled as NHs (Wanklyn a. Chap¬ 
man, G. J. 21,161).—17. A concentrated aqueous 
solution of ZnClj at 120 ° forms benzoic acid and 
glyoocoll. Distillation with dry ZnClj gives 
benzonitrile (GOssmann, A. 100, 69). — 18. 

Sodixmi amalgam added to an alka^ne solution 160°, alcohol distils 
ofhippurioacidforms‘^drobenzurio. acid ’ mixture of two sodi 
O.hHjiNjOs and ‘hydfobenzyluric acid’ 

C,oH,jjN 04 ; the latter dissolves in ether, the 
former does ndt (Otto, A. 134,303). Both acids 
give glycocoll when boiled with alkalis; the latter 
forms aHo benzyl alcohol and hy<lrobonzoic acid. 

,When hydrobenzylurio acid is heated witii^ 
alkalis and at the same time exposed tlie air, 
theft is formed ‘hydroxybenzylurio acid’ 

C|«H 2 iNOj [60°-70°], which when left in a desic¬ 
cator over H.^S 04 changes to an acid 0 , 4 H, 8 N 04 . 

19. Pyruvic acii (6 g.) digested with sodium 
hippurate (11 g.) and AOjO (25 g.) at 130° forms 
a compound C,. 2 H.N 04 which crystallises ^rom 
petroleum in flat needles [157°], v. sol. alcohol, 
ether, and HOAc, inaol. water. It seems to be 
an anhydride, for baryta fmtus the ^It 
CigH^BaNO* 2aq (A. Hoffmann, 19, 2554):— 

20. By mixing nippurio acid ^th salicylic 
aldehyde and excess of Ac^O ana allowing the 
mixture to stand fo^^some weeks there is formed 
a compound C,2H34y80, [160°] (Pldchl a. Wolf* 
ram, E. 18, 1184). Bebuffat ((?. 15, 527) hj 
boiling sodium hippurate (6^0 with salicylic 
aldehyde (40 gj and Ao^O (T20g.) obtained | 
compound 0,*H„NO. which crystallised from 
aloonol in' canary-yellow prisms [186°], and is 
converted by hot aqueous (10 p.o.) KOH into 
beoBoyUimidO'Ooaaiurin 0i,H|(BOa [171°] and an 


J. 18'47, 795).—AgA'^aq: may be crystallised 
from water. 

Methyl ether [80'5°]. S.’65infhe 

cold ; 1-3 at 30°. Formed by passing HCl into 
a solution of nippuric acid in methyl alcohol at 
60° (Jacquemin a. Schlagdenhauffen, C. R. 45, 
1011; Conrad, J. pr. [2] 15, 247; Campani a. 
Bizzari, O. 10, 260). White needles. Decom¬ 
posed at 250°, giving off NHj benzonitrile. 

Ethyl ether EtA'. [60°f 8.G. ^ 1-043. 

Formed by passing HCl into a boiling alcoholio 
solution of hippurio acid (Stenhouse,A.31,14d), 
or by heating amido-acetio ether with benzoic 
anhydride (Curtius, B. 17,1662). ^hite needles, 
si. sol. hot water, v. sol. ether. When hippurio 
ether (5 pts.) is heated with dry NaOEt (1 pt.) to 

.itils over, and there is left a 

sodium salts, which may be 
separated by water. The less soluble salt, when 
decomposed by HCl,*yijld8 the di-benzoyl-de¬ 
rivative of di - oxy - di • amido - tetramethylene: 

[138“]-, the more 

soluble sslt yields the tri-benzoyl derivativoot tri- 
NHBz.C:C(OH) - O.NHBz 
amido-phlorogluoin I I 

HO.C:0(»HBz).C.OH 

[153-5'’-16»5“] (BugheiiMf.B. 21,3325). When 
hippurio ether is heated with PCI. lor eight 
hours ai 1C0°, *nd the product poured into 
alcohol, ‘ hippuroflavin ’ separate s. It orystal- 
lises from hot HOAo itt qpiall yellow crystals. 


and partial^ decomposes, without melting, at 
300°. Hip^roliavin ij v. el. sol. glacial HOAo, 

and almost insol. water, alcohol* aud ether. It 

• .NBZ.O.CO ^ 

has perhaps the constitution \ j| .. y 

NCO . O.Nl»/ 

(Btigheimer, B.*21, 3321). 

, n-Butyl ether PrCp,.A'. [41°T. Prom 

silver hippurate and »-butyl iodide (C. a. B.). 
Iridescent prisms, insoi. wafter, sol. alcohol, ether, 
and chloroform. 

leobutyl ether PrCHjA'- [46°]. From 

AgA' and isobutyl iodide in presence ol isobutyl 
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alcohol (0. a. B.). Irideacent prisms. Dccom- }> H 0 M 0 -ANI 8 IC AGIO v. Methyl dptivative of 
posed by damp air. Oxyu'i.i’k; .-icim. 

leoamyl efhe^ 0 ,H„A^ [ 28 ^']. HOMO>B£NZ'AMISOXIH v. Told-amii>o][iu. 

Beneyl ether PhCH._jA'. [ 06 ®j. f'tom HOMO-CINCHONIDINE v. CiNCHONit basks. 

Af^A' and benzyl bromide (Del Zanna a. Clares* HOHO-BEEULIC ACID v. ni'Methyl deriva* 

chi, Atti Beal. Istit. Vetieto [6} 6). 'Silky live of {4:3;l)*Di-oxT-apENYL-CROTONio Acm. 
needles. Converted by HKO, into benzoic aide- H0M0L0G0D8 SERIES. A series of closely 
hyde. ^ related compound^ of which the molecules differ 

Amide C,H,NO.^NH,. [ 185 ®]. 8 . 1 in the from one another by CHjlbr a multiple thereof, 
cold. Formed by the prolonged action of aqueous Homology is usually the result either (al of the 
ammonia on methyl hippurate (Jacquemin a. introduction of one or more methyl radicles in 
Sohlagdenhauffen, C. B. 45 , 1011 ). Formed also i place of the equivalent quantity of hydrogen, 
by heating bippuho*acid in a current of NHjmt} or ( 6 ) of tho«inscrtion of a methylene group 
160 ® (Conrad, / pr , [ 2 ] 15 , 248 ). Small thick ! between t>yo contiguous carbon atoms; thus 
crystals, v. si. sol. cold water, alcohol, and ether, i benzoia acid is homologous with 

Forms an unstable compound with HCf. toluis acid CsHj(CHfe).CO.JI in the first way, 

Crra<deNHBz.CH,.CO.NH.CO.NK,. [ 216 ®]. and with phenyl-acetic acid O^H^.CHj.CO^fH in * 
Formed, together with another con)i>ound [189®], the second^way. In taeh homologous series 
by heating ethyl hippurate with urea at 150 ® there is a'^nearly constant difference in the 
(Curtius, B. 16 , 757 ) and by heating hippuric properties of any two successive members of the 
acid with alcoholic NH, at 220 ® (Pellizzari, series; this rule, however, does not aimly to the 
C. C. 1888 , 1350 ). Silvery plates; decomposed difference between the first and second'iaembers, 
by boiling dilute acids into hippuric acid and particularly where the first member does not 
urea. Split up by alcoholic NH, at 260 ®, giving contain CH 2 ^ Although the alkyl derivatives of 
benzamide and EtOBz. ' hydroxylic compounds differ from these com* 

Beferences.—Aismo-t Bromo-, Culoro-, Iodo-, pounds by a multiple of CH^, and rai^t there- 
NitbO', Oxt*, and Sulpho-hippuuio acid. tore be considered homologous with tne parent 

HIPPDRYL-GLYCOCOIL C,,H, 2 N 204 i.e. substance, yet -as they belong to the group of 
Bz.NH.CH 2 .GO.NH.GH 2 .CO 2 H. [ 2 (} 7 ®]. ethers while'their parents are acids or alcohols, 

Pr«par< 2 fio»».—Silverglycocoll(40g.),benzoyl I this cannot be considered a case of true 
chloride ( 16*6 g.), and benzene (200 o.c.) are homology. 

heated together until HCl begins to come off. HOMu-NICOTINIC ACID v. MiiTUVL- 
The product is evaporated, extracted with ether, p\hii>in£ carroxylio acid. 
then with NaOH.^ The mixed acids are ppd. by HOMO-OXY-BENZOIC ACID v. Oxy-toluio 
HCl, dried and eihausted with alcohol. The acid. 

aloohoiio extract baves on evaporation a mixture HOMO*PH£KACYL-ANILID£ v. oi-Phenyl 
of hippuric acid and hippuryl glycocoll. The amiuo-phknyl-ktiiyl ketone. ^ 

greater part of the former may be removed by HOMO-FHTHALIC ACID v. Carboxy-phenyl 
chloroform, and the hippuryl glycocoll is then acetzc acid. 

purified by recrystallising 20 or 50 times from HOUO-FEOTOCATECHDIC ACID v. Di-oxi- 
50 p.o. alcohol (Curtius, J. pr. [2] 26, 170). In puenyl-acktic acid. 

this reaotioir benzoyl chloride acting on silver KOHOPYROCATECHIK, Methyl ether of, v. 
glycocoll forms silver chloride and hippuric acid. Crkosol. 

This hippuric acid acts 6 pon benzoyl chloride EOHO-PYBROLE tb Mbtuyl-pyrrolb. 
formingbenzoicacidandffippurylchloride,which HOMOQDININE v. Cinchona bases. .. 
then attacks silver glycocoll, forming silver chlor* EOUOSALIGYLIC ACID v. Oky-toluio acid. 
ide andhippuryl-gtycocoll. EOHO-VERATRIC ACID v. Di-methyl de- 

Satiny trimetric plates (from Hvatwe of Di*oxy-phenyl-aoktio acid. 
water). The crystals are small, and feel fatty. HOPEtNE 0 , 8 Ha,N 04 aq. S. *125 at 16°. An 
Insol. ether, 0HC1„ benzene, and CS, in the cold, alkaloid^iaid to occur to the extent of *15 p.c. in* 
bat si. sol. these solvents when boiling. Readily American wild hops, and of *05 p.o. in English 
sol. boiling dilute (30 p.c.) alcohol. hops (Williamson, J. Ph. [ 6 ] 12, 460; Chem. 

Beactions. —1. Bjjiled with HCl or KOH it 10,491). Brilliant white needles^fromdiluto 
give8glycocoll(2cqurialents)andbehzoioacid(l alcohol). Narcotic. Sublimes partially below 
eqaiv^ent).—2. At 150® in a sealed tube with an ' 160®. Slightly lievorotatory. Its dilutesolu- 
aqueous solution containing the calculated quan- ! tion^ are ppd. by alkalis, FtCl^, AuCl,, HgClj, 
tity of HCl it splits up into glycocoll and hip- ; picnc acid, and tannin. According to Laden- 
purio acid. « burg {B. 19, 783), hopeipe is identical with 

Salts.—AgA': white orystalline-pp., sol.hot mprphine, or a mixture of morphine with an 
waterwithout reduction.r-TlA': six-sided tablets. ! alkaloid that gives no colour with FeCl, or with 
->BaA', 6 ^(?)M Little plates.—CuAj' 8 ]|aq: tri- H^SO^and nmlybdio acid.andis insol.NaOHAq, 
rmtric prisms.—ZnA^a l^aq. v. sol. wet ether. 

, ether Etk!. [117®]. Large needles Lupuline. Acoordingto«ries 8 mayer(D.P./. 

(from water). 212, 671, when the aqueous extract of hops is 

Amide BzNH.CH 2 CO.NH.flHgOO.NH 2 . distilled with lime or magnesia the distillate 

[202^. Torms an unstable compound with HCl contains NH,, trimethylspiino, and an alkaloid 
which is at once resolved by water into its con- lupuline. If ^he bases be converted into 
stituents. ' ‘hydrochlorides, and these be treated with aico- 

EIBTO-HiSllATIirS v. Musou. hoi, NH 4 CI is left undissolved, while N^e,HCl 

HOFKAKN'S V10I2T v. PxHTA'VETHVXrTBi- crystallises from the evaporated al^holio sulu- 
4 MiDo-Di-EBKaxL-xoLYZ*-OABBDiox» 'tiofi, and the mother liqocf contains lupuline 
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yJtooWoride. The base may be obtained by 
eoompoeing its hydrochloride with KOH and 
baking with ether. It emella like coniinewhas 
L oooling, but not bitter, taate, and gives the 

_ 1 «.-v 1 


HTaNIC ACID C„H„Or Mol. w. S82. 
[78°]. The glyceride oi this acid ie said to occur 
together with palmitin anf olein in the anal 
glandular pouches of the striped hyrena (Carius, 


leactioTiB of alkaloids. Cone. H^SO, and 1 ^4.129? 168). According to Sohnlzo a. TJlricK 
potassium chromate give a violet colour. HNO^ \ (B. 7, 670), it also occurs in the product of the 
gives a yellow solution, becoming green or blue | saponification of the grease of sheep’s wool, 
at its edges, and aftGr#ard8 colftxirlosB. (Granules composed of minute curved needles 

HOP OIL. At the base of the membranous 1 
cones of the hop there is a bitter yellow ' 
powder called lu/ulin This powd^ contains j 

resm wax, a tannin and a bitter principle also ''hYALINS v. Pbotkids, Appendix C. 
called Lupulin {q v.) When distilled with steam hYALOGENS ®. PnoTuinsfVendix C. 

It yields hop on, which consists of a tierpene ; HYD^iffTOIN r TT N O i/• 

(175®), and various (Jbmpounds containing ' NH CILnv 
OK ygen (Wagner, 128, 217; Personne, ^ ^ oxy-mcla- 

J. Ph. [8] 26,241,82!); 2?, 22; Kuhmpnann, C. C. ' pjrazola.' M»l. w. 100. raiS”]. 

1876, 673). One of the^oxygenatod constituents i’amraiton.-l. Together with urea, by Ibo ae- 

of oil of hops 18 converted into valeric acid by uiAi) at lOO" on allantoin (Baeyer, 

oxidation, I H 7 _ 179 ; 130 , 158).-2. Together with a 

HUMIC ACID. 'Die brown or black sub- small quantity of allauturic acid, by the action 
stance, or mixture of substances, produced by ' of HI on alloxunic acid (B.).— 8 . By the action 
the decay of vegetable matter. Thfi decoraposi- of an excess of alcoholic NHj on bromo-acelyl 
tion is promoted by boat, air, moisturoT and by . bromide (Baeyer, B. 8 , 612). 


the presOTce of putrefying nitrogenous matter, 
llumic acid may be extracted ^rom peaty soil 
by aqueous Na-iCO^ and ppd. by JICl (Mulder, 
A. 36, 243; De’tmer, L. F. 14, 248). Detnier 
assigned the formula to humic acid, 

and described it as amorphous, beginning to de^ 


Properties .—Colourless needles, m. sol. cold, 
I V, sol. hot, water. Neutral to litmus. Has a 
' somewhat sweet taste. Not attacked by boiling 
i dilute acids,•but converted by boiling baryta- 
[ water into hydantoic acid. May bo oxidised to 
I allanturic acid. Ammoniacal AgNO| gives a 


compose at 145®, and requiring 8,333 parts of j pp. of AgCjH^NgO.aq 
water at 6°, or 025 at 100®, to dissolve it. Alter ! Hydantoic acid C,HflN,Oj %.e. 
drying it required 13,784 parts of boiling water ' NTl 2 .CO.NH.CH 2 .COjH. Urqpiido-acetui acid. 


for solution. It reddened litmus, expelled CO 3 
from its salts, and formed the following amor¬ 
phous salts. — (NHJ^CbJI ihOj,. S. 45. — 
Ca,(NH,),C„H„0„. - Fej(NH,),C,.II„.0,,. - 
Ag,C„H„0„- P- Thenard (C. It. 83, 376) do- 

scribed humic acid as CjiHjoOi,. ‘Ulmio* acid 
prepared from brown peat is identical with 
humic acid. Crenic and apocrenio*acids {q. y.) 
are, p€rhap 5 ,product 8 o#oxidation of humic acid. 
The^ard obtained it by dissolving crude humic 
acid in potasU PPg- ^i-h a slight excess of HCl, 
washing the pp. well, and keeping the spongy 
maas ^ -14*^ for 24 hours. As the mass thaws 
the humic acid separates as a dense pp. Humic 
* acid is not capable of converting at^iospherie 
nitrogen into NH, (Prevost, C. 39, 370; cf. 
Simon, Instit. 1876, 133; I>6h6rain, C. R. 73, 
1352). Lettenmayer (B. 7, 408) observed that a 
piece of rotten beech-wood which had fallen into 
a cleft of the tree protected from th^rain, was 
covered with a brittle black layer readily soluble 
in cold water, and was composed of the K, Na, 
andNHx salts of an acid (? humic) containmg 
53-6 p.c. Oand 4-9 p*.o. H. When ^8^ is 
boiled lor a long time with diftte HCl, HtlUa, 
or H 2 SO 4 , there is produced a substance greatly 
resembling humic acid, called Baoodlmio acid 
o.r.). A brown s^stance is formed by heaUng 
cellulose with water in a platinum tube at 2(W ; 
and brown substances are formed by the action 
of alkalis on glucose, cane-sugar, and mttny 1 
other 8ubsta*cos. fl aU thete brown bodies are^ 
inoluded in the term humous anbstanoes, they 
may bo subdivided into three groups: (a) those 
inaSl. alcohol and alkalis; (6) thoM insol. a oohol 
but sol. alkalis; fc) those soluble both m alcohol 
I 9 ad alkalis (Hoppe-Se)fler, 3. 18*66). 


OlycolUcric acid. 

Fonnalim.—l. By boiling hydantoin with 
baryta-water or potash (Baeyer, A. 130, 100'. - 
2. Together with urea, by boiling glyooluril 
C.H.NjO, with baryta-water (Eheineck, A. 134, 
222).—3. By heating glycocoll with a slight ex- 
cess of area at 120° (Heintz, A. 133, 70; Griess, 
B. 2,106).—4. By the action of dyanio acid on 
glycocoll; i.e. by heading glycocoll sulphate with 
potassium oyanate, pjjg. potassium sulphate by 
alcohol, and allowing the liquid to evaporate 
spontaneously (Wislicenus, A. 165, 103). 6. By 

heating glycocoll with urea, or, better, by boil¬ 
ing these substances with baryta-watv (Bau¬ 
mann a. Hoppo-Seyler, Jl. 7,34).* _ 

Properties. — Monoolinio prisms; a:b:c 
= •662:1;-OSS; 3 = 81° O'. M. sol. cold watej 
and alcohol, v. sol. hot water and alcohol, nearly 


1. Deooiiposed by heating with 
cone. HIAq at 165° to CO„ NH„ and glyoocdl 
(Menschutkin, ?!. 163, 106). 2. Pure UNO, 
forms a nitro- derivati^, no gas bemg evolved 
(Fianchimont, B. T. C. 6,*217). 

Salts •-These are all, except the Ag salt, v. 
sol. water.-KA': minute, six-sided tables Md 
rhombohe*n.-NaA' aq: extreAely soluble stlky 
needles.-NH,A' aq: large crystals, beoomwg 
opaque from loss of NH,.—BaA, 2aq (at ). 
amOTphouB, insol. alcohol.—PbA", 8aq: nodules. 
- AgA': pearlp scales. „ • „ 

Beferenoes.—'BTan., Mbtbti,-, Phkiiti.-, Phe- 
Nvi,-ETnvi.-,STVBSi.-,Nn:RO- and Thio-htouitoie 
and HvDiHioic ACID. 

HYDRACIDS. As explained m the article 
Acids (vol. i. P- 47) those compounds of hydrogOT 
which, in presence of water, robot with 
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oxides,hydroxides,andoarbonates,&Qdezohange Saits.—NaV: flat deliquescent 

the whole ol their hydrogen, or a portion o( it, prisms, si. sol. boiling aloohol. At 250*^ it gives 
for metal, are oalledsk^. The element ooi^on aory4<)^d para-adipo>maiia acids (Wislicenus, 
to all acids is hydrogen; but it is only when hy- A. 174, 286).—GaA'^ 2aq: [140®-146®]; prisms, 
drogen is intimately associated in a compound very easily soluble in^ld water, insol. alcoliol. 
with one or more strongly negative elements that Forms with calcium acrylate a compound 
the compound has the properties of an acid. The Ca(C,HAO|)(C}H,0})aq.—ZnA'j4aq: [C0°j; tri' 
greater number of acids contain oxygen, but the ^nio crystals. 0. 112 a%16‘5'’ (WisUcenus).— 
presence of this element is not necessarily ao- CaZoA' 4 : crystalline pp. formed on mixing the 
companied by acidio function, nor is its absence concentrated solutions of the zinc and calcium 
proof that we have to deal with a non-aoidio salts. 8 . 9 at 15^ Scarcely more soluble in 
compound. Solutmns of the following hot than m cold water. Insol. boiling alcohol 

pounds contain acias: HF,HC1, HBr, HI, HdK, and ether.—AgA^: delicate prisms and needles, 
HSCN, HSeGN, H 4 Fe(GN)j, H,Fe(GN) 4 , v. sol. cold water, insol. alcohol. 

H.Co{GN) 4 , ^Co(CN) 4 , HAu(CN) 4 , FjIrfCN),, Nitrile CHj&Rl.CRyCH. Glycol cyanhy- 
H,Mn{GN)„ H^OsiCN),, HjPtjCN);, H 4 Ru{CN) 4 , drin: (221®) at 72# mm. S.G. 1-U59. S. r 
HaPt(SCN) 4 , H 2 iPt(SGN) 4 , HAuCl*, H^li^glf, HBF,, (ether) 2-3 at 16®. Fro^ athylene oxide and dry 
HjS, HjSnS,, HjCSj. These acida, and a few HCy at 55®'.(Erienmeyer, A. 191, 273). Jjiquid, 
more, do not contain oxygen. Acids which are miscible with alcohol an^ water, 
not compounds of oxygen are sometimes olas|ed Blhydracrylic acid G^HioOj i.e. 
together as kydracids. The name is more par- i 0 (CH 2 .CH^.C 0 jH),. One of the products ob- 
ticularly applied when it is desired to distinguish ' tained by boiling ^-iodo-propionic acid with Ag ;,0 
between two classes of compounds of the same and water (Wislicenus, A. 106, 39).—Na.^A": 
elements, or group of elements, both of which silky crystalline muss; insol. 96 p.o. alcohol, 
classes are acids, but only one class is formed of sol. hot 90 p.o. alcohol. Converted by HI into 
oxygen compounds; thus we speak of the oxy- /3-iodopropionic acid. Its aqueous soli^ion gives 
acids and the hydrucidsof the halogen elements, with lead nitrat^ a llocculent pp., sol. excess. 

The terms hydiacid is then only a convenient HYBSAMilDES. CompoundH of the form 

word when we wish to emphasise (4he fact that' obtained by the action of ammonia on 
an acid under consideration is not an oxygen certain aldehydes, chiefly aromatic, c.g. furfur- 
compound. All acids are hydracida, as all are aldehyde and benzoic aldehyde. They are erys- 
oompounds ol hydrogen. M. M. P. M. talliue solids, insol. water, sol. alcohol. They 

HYDBACEYLIC ACID C 3 H 4 OJ i.e. aro not volatile, and are decomposed by acids 

CIIj(OH).CH 2 .COjtI. $-Oxy-propionic acid, into NH, and the parent aldehyde. 

Ethylene-lactic add, {&)-Lactic acid. HYDEA 8 TINE CjjHjjNOfl. [132®] (P. a. W.). 

Pormatton.—l. By digesting 8 -iodo-propionic [a]D“ —67 8 ® (2’5 g. dissolved in 100 c.c. chloro- 
acid with excess of moist Ag^O, decomposing the form); a-flii?® in HClAq. An alkaloid dis- 
ifesultiug silver salt by HjS, filtering, neutralising ' covered by Perrins {Ph. [2] 3, 546) in the root ol 
with Na^COj, and evaporating (Beilstein. A. 122, I Hydrastis canadensis, or Golden Seal, in which 
866 ; Sokolofl, A. 160, 167). Acrylic, dihydra- ! it exists to the amount of p.o., together with 
crylicCgHiQOjfandtheisomericpara-adipo-malic berberine, and possibly a third alkaloid, cfina- 
acids {t>. vol. i. p. 63) are formed, but are left dine (Van dt r Espt, Ph. [3] 3,604; Halo, Ph. [3] 
ondiesolved when sodiurcL bydracrylate is dis- 4,105; Burt, Ph. [3] 6 , 467; Lloyd, Ph. [ 8 ] io, 
solved in 95 p.o. alcohol (^islicenus, B. 4, 522; 125; Freund a. Will, B. 19,2797; 20, 88 , 2-100; 

A. 166, 6 ).—2. Together with acrylic acid by Schmidt a. Wilhelm, Ar. Ph. [H] ?0, 329; Eijk- 
boiling ^'iodo-pT'opionio acid with milk of lime, man, R. T. C. 6 , 290; Power, Ph. [3] 15, 297; 
The impure acid may be converted into the zinc- 16, 1092; Lyons, Ph. [ 8 ] 16,880; Mahla, Am. 
calciimwsalt, which can be purified by recrystal- S. [2] 36, 67). Occurs also in Stylophorum di- 
lisation, and tflen decomposed by H;S and the - phyllum Q^ijkman). * 

calculated quantity of oxalic acid (Heintz, A. Hydrastine is best obtained by extracting^the 
J57, 291).—8. By boiling jS-iodo-propionic acid root of Hydrasti" with ether, and recrystallising 
with a large excess (25 pts.) of water (Thomson, the extract from alcohol (F. a. W.). Trimetrio 
A. 200,81).—4. By bfiling sodium a<yylate with crystals. a: 6 :c = ‘846:1: ‘876. Almost insol. water, 
aqueous NaOH (Linneilia^, B. 8,1095; Erlen- si. sol. oo^d alcohol, v. sol. boiling alcohol and 
meyer, A. 191,281).—6. From glycol ohlorhydrin chloroform. It has a bitter taste, producing a 
and £CN. followed by saponification of the pro- feelin.; of numbness in the mouth. It does not 
duct (Wislicenus, A. 12^4; Erlenmeyer, A. 191, appear to bo poisonous. 

V 268).—6. From ethylbne oxide and HCN and Reactions.-^!. Boiling ^lute nitric acid 
saponification of product (Erienmeyer, A. 191, foni^s opianic aCd and hydrastinine. MnO^and 
269). • H ,804 give the same products.—2. KMnO^, in 

Prqperties.-^dtrongly acid syrup,cesolved by presence of l^Gl, also forms opianic acid.— 
hrat into water and acrylic acid. Unlike lactic 8 . £Mn 04 in alkaline solu^on forms hemipio 
aci^jt does not yield iodoform when heated with acid and pyridine oarboxylio (nicotinic) acid.— 
iodine and potash (Lieben’s reaction). B'HOl.—B'jH-PtGl,.—B'(HAuCl 4 )a.—B'l^SO..— 

Reacl^oM.~~l. Boiling with ^864 (1 pt.) di- Piorate. B'OgHj(NOj),OH4sq: yellow needles 
lated witli water (1 pt.) converts it into water (from alcohol), ^ 

and acrylic acid.—2. Chromic acid oxidises it v Methylo-iodide B'Mel. [208^. Needles 
to CO 3 and oxalic acid. Nitric acid acts in like (from water or alcohol). With moist Ag,0 it 
manner.—3. Ag,0 oxidises it to oxalic and gly- gives crystals [237“^}. 

collie acids.—4. Pofa<ft-/«s«)n gives formic and ^ Ethylo-iodide B'Etl. f206°] (S. a. W.); 
acetic acids.—5. HI gives /3-iodo-propionio acid. [124®] (Ei]km|n); [183®] (Powlr). Gives rise to 
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i:207«], B'EtaAuOl, [o. 110^, and 
^tOH, whioh may be oryataliised from hot 
water. 

OnH„NO,aq or a,H„NO. iff. 
OHO.O ELOrO^O^rNHMe (« Koser. A. 
249, 166). [117®], Obtained, together with 

opianio aoid, when hydrastine is treated with 
oxidising agents (F.a. W.h Whitemeedles (from 
ligrofn), V. e. sol. aloohol%nd ether, m. sol. hot 
water. OrystalliBes from all solvents with aq. 
Somewhat decomposed when reorystallised from 
benzene or BtOAo. Its aqueous solution is 
strongly alkaline and intensely bitter. Ppd. 
from its solution in acids by KOH but^ot by 
NHg or Na^CO,. Beduoed by Zfi and HCh to 
^drastinine dihydride. Boilkig aqueous KOH 
ronns hydrastinine dihydride and oxyhydrastin- 
ine. Mel forms a volatil^base and m indif¬ 
ferent oil whioh yields an oxim [129®]. 

Salts.—B'HCl: [o. 2jP2®J; needles, v. sol. ^ 
alcohol and water. Its aqueous solution shows ' 
a feeble fluorescence, an'fl is optically inactive - - 
B'HjSOi: sol. alcohol.—B'H.^Cr 207 : slender 
golden needles, sol. water. Decomposes at 175®. 
—B'HjPtCls. • 

Methyl^iodide B'Melt slender yellow 
needles, sol. water and alcohol. 

Oxim 0,„H,2N020H:N0H. [140®]. Formed 1 
by boiling the base (Ig.) with hydr&ylammo ' 
hydrochloride (ig.) and alcohol (20 c.o.) for a 
few minutes, and then adding NH^Aq (Fronnd, 
B. 22,457). Needles (from alcohol).—B'gH^PtCI^: 
crystalline pp. » 

Hydrastio aoid 08H,N04. [232®]. Formed ' 
by boiling hydrastine with dilute HNOj until 
KOH no longer ppts. the product. Crystalline, i 
sol. alcohol and water. Resembles apopbylUo 
acid.—AgA': needles. 

Hydro-hydrastiaine OuH^NOa 

(Eosor). [66®]. Formed 

by reducing hydrastine with zinc abd IlCl. 
White crystals, v. e. sol. aldbbol, ether, benzene, 
andOSj.^ Be-oxidised by ohromio aoid mixture 
to hydrastine. • 

Salts.—B'HOl: [274®]; crystals, si. sol. 
water.—^B'^jPtCl*: [216®]; yellow scales.— 
B'HBr: [272^; tufts of small white needles si. 
Bof. water.—B'HI: [232®].—B'^HjCrjOja rod 
scales 'i^explodeB at 150®. 

Bthylo-iodide B'Btl; [207®]; needles. 

Ozy-hydraBtiaine 0„H„N0. i.e. 
0,H.O.<°®'*”^>(?) (Boser). [98°]. ^above 

360®). Formed, together with the preceding, )jy 
the action of aqueous KOH upon hy4rastinin6. 
prepared by rubbing up hydrastinine with water 
and potash-ley, shaking, and ad<hng a cold^j 
saturated solution of KjMnjOH till aeoolourisa- 
j tion proceeds slowly; then filteringjextracting 
•the residue with ether, neutralising, and eva¬ 
porating the filtrate (Mlrtin Freund, B. 22,457). 
Needles, v. e. sol. aldobol, chloroform, and benz¬ 
ene. Feeble base. By dissolving in dilute HNO, 
it ia converted into a oryotalline mtro- derivative 
fMU,.,(NO»)NO, re71^, insol. H(5; ammonia, or 
h u .CO ,Aq, sol. warm NaOHAq.—B'HCl: [188®]; 

tillline, decomposed by water and byaloo- 
l">l. -B'.HjPtCl, t [160®]; yellow needles.— 
1> ,l).i,AuClj: [100®]; teddish-brown 


0uH,3r,K0, [e. 

exposing o solution of tba 
nydiobr^ide of hydro-hydrasdnino to bromino 
va^ur TFreund). Broad white needles {from 
hot wate4 In solutions of its salts NH„ oanstio 
soda, and NajCO, give a pp. which crystallises 

ri 00)1 slender thread-like needles 

iii6& J. 

hydriodide (so- 
fC„H,XNO,ni. [134®]. A’substance 
formed by boiling hydrastinine for some minutes 
with fuming HIAq (Freund). Crystallises from 
alconCl in splendid brown needires. 

OonsftfMfiore.—Narootine C„H„(OMe),NO, ia 
perhaps me|hoxy-hydrastine, hydrastine being 
Cio“i 5 (OMe)^ 04 . Hydrastinine would then con¬ 
tain no methoftyl, while cotarnine would be meth- 
oxyl-hydiastinmj (Schmidt a. Wilhelm. Ar. Ph. 
[3] 26, 329). 

HYDRATES. Compounds of water with 
other Compounds or with elements. If Cl is 
passed into ice-cold water a yellowish white 
solid is produced, whioh when dried between 
paper at 0° forms a white mass of crystals having 
the composition Cl.oHP; boated to 35® in a 
closed t\ibe the crystals separate into Cl and 
water, and on cooling to 16® the compound 
Cl.oHp is again produced. Tho compound 
Cl.SHjO is a hy^ate of Cl, i.e. it is a compound 
of Cl with water. When BaO is brought into 
contact with water combination occurs, and 
IJaO.HjO is produced; this compound is not 
changed by tlie action of heat alone. It is cus¬ 
tomary to call BaO-H^O an hyd|oxide, and to 
regard it as a compound of Ba, 0*and II, rather 
than a compound of BaO with H.p. If water 
is added to CuO (an oxide very similar to BaO). 
combination occurs, and CaO.HD is produced ; 
at a full red heat this compound is resolved into 
its constituents, CaO and H.D. Tlie compound 
formed by tho union of CaO and HjO is some¬ 
times called a hydrate, and its formula is written 
CaO.K^O; but by some chemists it is called an 
hydroxide, and tho fori^ula assigned to it is 
CaO-Hj orCa{OfI) 2 . Compounds formed by the 
union of molecules of HD with other molecules 
or atoms, without a rearrangenftnt of the atoms 
of tho group HjO, arc called hydrates; qpm- 
ppunds formed by a reaction of illolecules of 
HjO with other molecules or atoms, such that 
the group ILO is separated into its constituent 
atoms, which are rearranged in tho n^w molecule, 
arecalledbydr^xides. But it is ^ften impossible to 
tell whether a ^ven compound is an hydrate or an 
hydroxide. The definition given above is a theore¬ 
tical definition; wo have no certain moans of telling 
to whioh class a specified substance belongs. 
Another way of stating the toAiretical differenoe 
between hydrates and hydroxides is to say that 
hydrates contain water oe such, and tb*t hy¬ 
droxides contain the elements of w^fter. Another 
form of words sometimes used is to speak of 
water of hydration, or water of orystallisatiomm 
and to contrast this with water of constitution. 
Cane sugar, for iiytanoe, has the oompogition 

nothing about cane 
^ugar except its composition we might write the 
formula 0 , 2 H 2 jO„ as 0 , 2 . 11 ^ 0 ; but the proper¬ 
ties of cane sugar make it evident that it is not a 
compound of carbon with water, but a compound 
of 0, H, and 0, in whioh the H,and 0 are i&tbt 
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same ratio as in H^O. Wo may say of cane 
sugar that it is an hydroxido, or that it contains 
the elements of lyater, or that it contains water 
of constitution. Copper sulphate, CuSO^, com*' 
bines with water to formbluecry 8 tal 8 Cui^ 4 . 6 HP; 
when these crystals are heated to 220 ° Sr so, the 
water is all removed, end white GuSO^ remains; 
those changes—hydration and dehydration—may 
be repeated indefinitely. We may^say then that* 
the blue crystals of copper sulphate contain 
water of crystallisation. 

The term hydroxide is sometimes used in a 
narrower sense Aan explained above; by<some 
chemists it is applied only to compounds whose 
reactions are best explained by supposing them 
to contain the group or radicle OH.- 

The problem suggested by the tjrms hydrate ■ 
and hydroxide is not one merely of nomoncla» 
tore; it is a typical problem of chemistry. The 
two terms attempt to summarise certain concep¬ 
tions regarding connexions between the. pro¬ 
perties and the composition of certain com¬ 
pounds. Here, as in other chemical problems, 
we must study composition and properties, and 
we must beware of divorcing the one study from 
the other. 

When Zn reacts with dilute H 2 S 04 Aq' to form 
ZnS 04 , we know that the ZnS 04 contain 
the zinc as such; yet the properties of the Zn arc 
modified by its combination with the radicle SO,. 
The ZnSOf produced is a substance by itself; it 
has its own properties very difierent from those of 
any of its constituents. In a sense it is hardly 
accurate to say that zinc sulphate contains zinc; 
zinc sulphate id a new thing in which the pro¬ 
perties of Zn, B, and 0 arc merged. Zinc sul¬ 
phate is as distinctly a definite homogeneous 
kind of matter as any of the elements which 
combine to form it. From it we can obtain Zn, 
S, and 0; none of these three kinds of matter 
have we yet been able to separate into unlike 
parts. But when water combines with other 
substances, we are dealing with a body which we 
are able to separate i^to unlike parts; and, 
therefore, we may supfsose either that the water 
combines as a whofe with the other substance, 
or that a rearraifgemcnt of the atoms of the re¬ 
acting bodies occurs, and that in the new com¬ 
pound the lelation of the 0 and H atoms are 
different from those which hold good in the mole- 
cnle HjO. * 

The problem is similar to that presented by 
qnestions about (he presence of this or that 
radicle, or group ofsatoms, in th 6 molecules of 
carbon compounds: it also presents analogies 
with questions regarding molecular and atomic 
compounds. We cannot, as a rule, isolate the 
radicles which, we' suppose, form groups of 
<^sely related atoms in the molq^ules of carbon 
compounds; we can, jiowever, isolate the radi¬ 
cles wnich form groups of closelv related atoms 
. in the molecules, or at least in the chemically 
Reacting weights, of double salts (v. Douene 
SALTS, p. 414). We can isolate the radicle, or 
group of atoms, H,0; th^ molecule, or the , 
cheimcally reacting weight, ^ a hydrate is sup¬ 
posed to ^ so constitnt^ that one of its radides 
is the group H,0; whereas this group is Bup° 
posed to be absent from the molecule of an 
hydroxide. If a compound is a hydrate we 
should expect it to reveal its constitution by itir 


properties and reactions: the radicle H^O will 
carry with it certain characteristio properties 
different from those which belong to the radicle 
OH. 

The methods by which attempts are made to 
differentiate hydrates from hydroxides consist 
partly in studying the chemical reactions of the 
compounds, and partly in determining their 
physical properties an^ comparing these with 
those of well-defined compounds belonging some 
to one class and some to the other. 

Compounds formed by the reactions of water 
with othor^compounds or elements, and which 
are separated by heat into water and the other 
conp.titdent from which they have been produced, 
are usually, bu't qot in every instance, classed 
as hydrates. Some compounds are decomposed 
by heat with produc^mn of water and another 
I substance?, but are not produced by the direct 
union of water with the other substance; some 
of these compounds are classed as hydrates, 
some are not. Thus the compound CuOjH^ 
which is decomposed by heat to CuO and HjO, 
is generally regarded as hydrated copper oxide, 
CuO H.p; it is obtained by ppg. a solution of a 
Cu s^t by an alkali, but it is not formed by the 
direct union of CuO and H,0. But tKh compound 
A 8 O 4 H, is noit called a hydrate, although it is 
resolved bv heat into As^jOj and HjO ( 2 H 3 A 804 
= Asp, + 3U,0). 

The reasons for regarding CuO,^Hj as a 
hydrate, and for not placing A 8 O 4 HS in this 
plass, arc based on the chemical analogies of 
these compounds. CuO^jH, is very similar, in 
its methods of formation and properties, to 
compounds wliich are undoubtedly hydrated 
compounds. AsOJljiB an acid; the hydrogen 
of tliis compound can be replaced by certain 
metals; now acids as a class exhibit properties 
which undoubtedly show that they are not com¬ 
pounds of water. 

Some compounds formed by the reaction of 
water with another compound are classed as 
hydrates, and some not placed in this class. 
A compound may be formed by the nnion of 
water with another substance, f nd the compound 
may be resolved into water and the other sub¬ 
stance, either by the action of heat or a dehy¬ 
drating agent, and yet the compound in question 
is not-necessarily placed among the hydratdk. 
Water, for instance, reacts with N^O, te form 
nitric acid, and nitric acid loses water, forming 
NjO„ by reacting with PjOj; yet nitric acid ia 
not to be classed as a hydrate. Here again the 
proper'ics and reactions of the compound formed 

the reaction of water forbid us to regard it as 
a hydrate. The arguments against calling nitric 
acid a liydrate are not drawn solely from the 
reactions of this compound, but also from the* 
'general reat^bions of acids. 

In discussing whether a specified compound 
is or is nen a hydrate, regard must be paid to 
the chemical analogies o^the compound, and to * 
the reactions of compounds with which it is 
allied. Thus it is the custom to regard the com¬ 
pounds MO,H 2 ,where aL= Ca, Sr, or Ba, as hydrox¬ 
ides rather th^ hydrates. One of the reasons 
for this is based on the undoubted similariti(‘s 
between these compounds and the compounds 
MOH, where M-an alkali metal. The latter 
compounds are certainly^ hydroxides; among 
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th« reasoni for this statement ii the analogy in 
ehemioal reaotione— 6.g. reactions with acids 
and with P 01 |—between these oompoands and 
the monohydrio alcohols 0„H,a+,0H. TIfese 
alcohols cannot be called hydrates; they are not 
formed ^ the union of wfter with the hydro¬ 
carbons ; they are produced by reactions 

between iodo- derivati'ras of the paraffins and« 
KOH; they react wiffi pOlj to form chloro- ' 
paraffins 0 ,H^ 4 .,C 1 . The Compound formed by 
the reaction of NsjO with H^O may be formu¬ 
lated, so far as composition goes, as IJajO.HgO 
or as NaOH. If the molecular weiglH were found 
to be 40, the formula NaOH would necessarily 
be adopted. In the absence of«this evidense, we 
must have recourse to a stuiy of the reactions of 
the compound. The weight of caustic soda which 
reacts with one m(}leculal^weight of h^^drochlorio 
aoid (HCA) is expressed by the number 40; the 
same nnmber expresses the weight of this com¬ 
pound whiQh reacts with one atom of sodium; 
hence we adopt 40 as the reacting weight of 
caustic soda; and hence we write the formula 
NaOH and not NajO-HjO (or NaCXHj). One 
reason for writing the formula of caustic i}aryta 
BaO^H, ar^ not BaO.HjO is found in the close 
analogies between this compound and caustic 
soda. Caustic baryta combines •wUh water to 
form a oomponnd Ba 0 ,jH.^. 8 H 20 ; thfs compound 
is said to be a hydrated hydroxide; a hydrate, 
because 8H,0 can be removed by heat; an 
hydroxide, for the reasons already given. A 
great niass of data regarding the dehydration >f 
metallio hydroxides and hydrated oxides by 
heat is given in a paper by Camelley a. Walker, 
C. 53, 69. 

The specific volumes, or molecular volumes, 
of compounds formed by interaction of water 
with other compounds throw some light on the 
distinction between hydrates and hydroxides. 
The specific, or molecular, volume of a solid 

compound is defined as ; this 

^ 4 spec. grav. 

quotiwt may be represented by {V). Clarke 
(Am. R. [3] 8„428) has determined (7) for a 
number of compounds formed by interaoUons of 
water with' other oompomid.B. He finds that for 
many hydrated chlorides the mean value of 
* (y)M01,.a!H,0-(F)MCla , « 

• X 

is 13*76; the maximum value being 16 and the 
minimum 12‘6. In the chlorides examined M 
was Ca, Sr, Ba, Mg, Cu, Ee, and Co; and x 
varied from 2 to 6 . Values for (Vf for the 
following compounds were also obtained: 
B..0,.8H,0, IaO,.H,0, K^O.HjO, CaO.H,0, 

BrO.:^, BaO-HaO,. Mn, 0 ,.HaO. 

Eej|0|.1^0. Values were also obtained for fV) 
for the oxides B,0„ IjOj, KjO, <feo. The difference 
(7) »J^O --(7 )o^|de 
- - ■ ^ 

varied from 7*4 to 1^4. 

Hence it appears that the specific volume of 
each H,0 in hydrated ohlorides has a mean 
value of about 13 * 76 ,land th|^ in no case does 
the actual value differ much from this; 
that no sfipple relation can be traced between 
(7} for an oxide and (7) for the product of ^e 
combination of that oxide with water in those 
eases in wl;ioh w*4ave reason to UUeve that a 
Voa. U, 


rearrangement of the atoms of the molecule 
HjO has taken place. 

PeAin (C. J. 1886. 777) 1ms used measure- 
ments^f the magnetic rotatory powers of oom¬ 
poands Mol. B.) to attempt a distinction between 
water ox constitution and water of hydration. 
Mol. B.) of water is taken as nnity; if then 
(Mol. B.) of a compound is x, and if (Mol. B.) of 
the oompouxkd formed by adding water to this 
compound is increased by about 1 for each ^0 
that has entered into combination, we may con¬ 
clude that the new compound is a hydrate. The 
foll(9wmg examples are iak^ from Perkin *8 
paper;— 

(Mol. Bs) of H.COjH = 1*671; 

(Mol. R-i 6i HCOsH.HjO=1*676 + *996. 

(Mol. R.f of CH,.CO^ » 2*625; 

(Mol. R.j o6CH,.CO,H.H,0« 2*626+ 1*029. 

(Mol. B.) of many organic acids minus 
(Mol.B.) of the corresponding anhydride nc. *74, 

(Mol. R.) of 2*315; 

(Mol. R.) of H,SO*.H,0 = 2*316 + *873. 

Mol. R.) of Hj 804 .H ,0 - 8*188; 

Mol. R.) of H,S 04 . 2 H ,0 = 3*188 + *926. 

Mol. R.) of CCI3.CHO = 6-591; 

Mel. R.) of CC 1 ,.CH 0 .H 30 = 6-691+*446. 

The compounds formed by the union of 
formic and acetic acids with water appear to be 
hydrates. The compound formed by the union 
of sulphuric aoid with water in the ratio 
H,S 04 :H 20 appears to be an hydroxide (Perkin 
thinks it may be SOiOH)^), but the combmation 
of more water with the compound thus produced 
is probably a process of hydlation. Chloral 
hydrate is probably not a hyfirate, but rather 
trichloro-ethylideno glycol CCl,.OH(OH)j. 

Differences can be traced between the various 
HjO groups in some hydrated salts. Thus 
GUSO 4 . 5 H 2 O loses 4 H 3 O at about 100 °, but the 
fifth H 2 O only at 0 . 220 °; NajCOi-lOH^O at 
12-6° loses 6 H 2 O, ate. 38° the hydrate NojCOj.HnO 
remains, and complete dehydration occurs by 
heating towards rednelB. (Regarding the forma¬ 
tion of different hydrafts of the same salt from 
solutions V. Hammerl, m. 3,419.) Thorpe and 
Watts (C. J. Trans. 1880. lOt) have determined 
the specific volumes of various hydrated and de¬ 
hydrated sulphates, MS 04 .a;HaO,«vherelft = Mg. 
Zn, Ou, Mn, Fe,Co, and x varied from 1 to 7. 
Patting (7) S as specific volume of the dry sul¬ 
phate; they get the following results;— ' 

Mean difference between . 

• (7)SAd 

i> 

It II • »* 

•I 11 »* 

Hence eaoh^O group raise 
extent. • 

Sodium phosphate orystelhsei from sdutioni 
at the ordinary temperature has the oompositim 
Na,HP 04 . 12 H ,0 *, the crystals which Be^axat 
St 83“ are Na,HPO,.711,0; there are alOTy 
drates intennetote between these, and hydrate 
•nth lesB water ftan 7H,0» If one of tfteee hy 
drates is heated in a closed spwe water is evolveC 
and the pressure increases ttntil at a <^rtai& prei 
enre the change stope and eqnihbtium is 
duoed. Astudyoftheequilibrimn-p^^a 
olosea a marked diSerenoe l|tween the 


1 7) S. HiO-10-7 
7) S. 2H,0-18-8 
7)S. 3H,0 = X4-5 
7)S.4H,0 = lB-4 
7)S. 7H,0 = 16 -a 
s (7) to a dlfle^eh 
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with 7 and 12 H,0. Debray (C. B. 66. 196) 
gives the foUowinff numbers 


BquiUbriim presmrev 


Temp. 

Belt with more than 7 
and np to 12 H *0 

BaltwtttToriM 

tban7H*0 

12-8° 

7*4 mm. 

4*8 mm. 

16-8° 

8-9 

6'9 „ 

20-7° 

141 „ 

< 9-4 „ 

24*9° 

• 18-2 .. 

12-9 „ 

.31-6° 

80*2 „ 

21-8 ., 


It is evident ^at the distinetion between hy¬ 
drates and hydrdlldes is not one which can be 
rigidly drawn. One class of compounds shades 
off into the other. There is no meq,ps by using 
which we oanirefer any specified compound to this 
olassortothat. Many reactions mXt be studied 
for each compound, and the olas^fioation finally 
adopted is generally only provisional. 

M. M. P. M. 

HYDBAZIDES n. Hydrazones. The phenyl- 
hydrazides of aldehydes and of ketones are de¬ 
scribed under the {ddehydes and ketones from 
which they are prepared. Hydrazides are formed 
by el^ination of water between an oxygenated 
body*.and a hydrazine. Elimination water 
between an oxygenated body and an amino forms 
an amide or imide. 

HTDRAZIDO-BEKZEHE Sffl^EOinC ACID 

V. PBSNtL-HYniUZmB SULVBONIO ACID. 

HTDBAZIDO-BEHZOIG ACID v. Phektl- 

BTDBAZXMS CARBOXYLIC AOID. 

0-HTDBAZIDOCINKAMlC ACID 
NH,.NH.C^^.CH:CH.CO^. [171^. From 

diazo-oinnamio V^id by converting it first by 
NajSO, into 8€fiNa.N,.0,H,.CH;CH.C02H, then 
reducing by hydroohiorio acid and zinc-dust to 
80,Na.NH.NaC^«.CH:CH.C0,H, and finally 
^decomposing this by HCl gas (Fischer a. Kuzel, 
A. 221, 276; A. 227, 303). Yellowish crystals. 
Nearly insoL water, alcohol, ether, benzene, or 
l^ht petroleum. SoL alkalis and acids. Its 
aCetio acid solution bleaches litmus and indigo 
(unlike the simpler hydr^ines), reduces alkaline 
copper solution, and ^(^loniacal silver solution. 
When melted it forms indazole {q.v.). 

Salt.-—HA'HCS: [146°]; yellowish cr^talline 
powder, soluble in alkalis, reduces Fehling’s so- 
&e cold. Heat changes it to indazole ^ 
not into its anhydride. ^ 

Anhydride v. Auzdo-cabbobttbil. 

> 0-E7DBA7IDO.FEEKOL. 

Methyl «fAcr.C,H,(OMe)NH.NH,. [43®]. 
MMho^’fhemUhymame. ' 
OaH 4 (OMe).NH.NH.SO,E and oono. HCl (Beis- 
«n^er, A. 221, 819). Slender white needles, 
whira tom brown in air. Insol. water, v. sol.; 
alcohol, ether, and bs&ene. Reduces Fehling's 
Bolption, HgO, and ammoniacal A^NO,. With 
cyanic ether it forms ^ urea (semicorbazide) 
l(eO.O.H«.NA:COHH£t [110<'] needles. 

Salts.— 

B;DiE^O,),OH. 

'“Acetyl derivative (LH 4 (OMe)N 2 H«Ao: 
ri26^; needles. 

o-StDBAZIDO-imarOZ. - v-SirLFSOBIF 
AmD. 

Bali — H0.0^4.NH.NH.SO,E. From 
EO.O|H 4 .NrSOaE, aino-dnst and glacial HOAc 
IBeisraeggsr, A, 221, 816). Whits plates. 
^ipeUy tnnui rod ^ban moitt.' T* sol. water, 


the solution being very unstable. Bedooes 
Fehling’s solution. 

Methyl derivative 
Met).Oi*NH.NH.SO,H. 

Salt.—NaA'aq. From 0,E4(0Me)KH2 by 
diazotisation and t^tment NajSO, (B.). 
Plates. Beduoes cold Fehling’s eolation. 
Warmed with ^eono. HCE it forms o-hy^zido- 
phenol methyl ether {q. 9.). 

p-Hydrazido-phenol x-salphonic acid. 

Salt. - H0.0,H4.NH.NH.S0,K. Prepared 
in a similM way from the p- compound (B.l. 
White scales, more stable than the o- compouna. 
Beduoes^old Fehling’s solution. 

o'- HYDBAZIDO.- fi - PHENYL - PBOPIONIO 
ACID. « 

Sodium salt.— fN • 

NHj.NH.e,H 4 .CH,.OH,.CO,Nfi (B. Fischer a. 
Euzel, A. 221, 282). This salt may be got by 
reducing 0 ,H 4 (NH.NH.S 0 ,Na).CH:CH.C 0 ^ by 
sodium amalgam in alkaline solutiofi. Precipi¬ 
tated by adding NaOl and aoetio acid. Small 
crystals, v. sol. water. HCl liberates the acid 
which at once changes into its anhydride, amido- 
hydro^rbostyri! {q-v.) [143°]. 

Ethyl-hydrazidO'pnenyl-prcpionid acid 
C,H,(NEt.NHf).CH,.CHjCO,H. Ethyl-hydrae- 
ine-hydroci mamic acid. Formed by reduction 
of the nitrosamine of ethyl-o-amido-phenyl- 
propionic acid by zino-dust and glacial acetic 
acid (E. Fischer a. Kuzel, A. 221, 294; B. 16, 
1451). Reduces Fehling’s solution on warming. 
Evaporated with glacial acetic acid it changes 
to ethyl-hydro-carbazo-styril. 

Salts.—BaA'j: crystals.—HA'HCl. [146*]. 

At 160° it gives off HCl and H^O ^coming 
etbyl-hydro-carbazostyril. 

Anhydride Ethyl- 

hydro-carbazp-styril. [165*6°]. Long white 
needles, si. sol. water, v. sol. alcohol and ether. 
Insol. alkblis, may be distilled unchanged. 
Warmed with HClit effianges back to the ethyl- 
hydrazido-phenyl-propionio ^id, differing in 
tMs respect from hyarocarbostynl which is not 
changed by hot HCl. 

laomeride of .the anhydride - 

Oxy-ethyl-amdo-qvindl, 
ine-dihydride. [74°]. Formed bj beating the 
anh 7 dtide ot o-hydrazido-oinnamio acid with 
alcohol and Eil at 100° (F. a. E.). Crystals, t. 
sol. alcohol, si. sol. water, dves a nitrosamine. 

HYDSAZIDO-IOIDFNF BDDFEORIO AOID 

V. lonn-HiDBAanm snirHomo aom. 

ttTDBAZIKIDO- COKPODHDS v. o-Audo- 
azo- couFomms, toI. 1. p. 870. « 

4,HTDEAZI?7B Nja. ».s. NH,.NHr Di- 
amidoym. Formed by traatmg diazo-acetio 
ether with l(,t eonc. KOBAq, decomposing the 
resulting orystalline potassi^ salt by BOl, and ‘ 
digesting the yellow crystaSine acid so liberated 
with Tery dilute snlphurio add. No gas ii 
evolved, bnt the aolntion becomes eolontless, and 
hydrazine inlph^ sepanGes on cooling (On^ni, 
fl. 80, 1632). Hydnaise solphate U Wt ob> 
tained by wanning tri.aza^atic ac[d (260 g. in 
Olitres ol watM with H,SO,(600g.) nadl eSenrei- 
penoacessei. FnrthertnaimtiMmaylMobiained 
bon the mt^betJiqw iBlpbile 
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liA8 orjBtallisad out, shaking with benzoic 
aldehyde, and decomposing the tesulting crystal¬ 
line coj^ound with mlute sulphuric acid (Curtius 
a. Jay, J\ vr» [2] 89,27). Hydrazine is only known 
m Its salts and m the form a hydrate 
which is got by heating the hydrochloride in a 
silver tube with quick lime. This hydrate is a 
fuming Uquid (119®), wi^ very sBght odour. It 
corrodes glass, attacks coik and india-rubber, 
and has an alkaline and burning taste. Hydraz¬ 
ine reduces Fehling’s solution and ammoniacal 
. AgNO, in the cold. With CuSO, it givA a thick 
red pp. cf 0 u, 0 ; with HgClj a white pp. of calo¬ 
mel; with alum a pp. of alumina. Wth aro¬ 
matic aldehydes and keton^ if gives spani^ly 
•soluble crystalline compound. Nitrites decom¬ 
pose its salts with evolutitpi of gas. 

Salts.—N 2 H 4 ZLSO 4 : tables; si. sdl. cold, v, 
sol. hot, water; insol. alcahol. Not decomposed 
by heating to 250®; but at a higher temperature 
it decompoifts with explosive evolution of gas, 
liberating sulphur.—NjE^HjClj. [198®]. From 
the preceding and BaCl,. Large regular crystals; 
V. sol. cold warter, m. sol. alcohol. * PtCl^ de¬ 
composes it with evolution of gas.—B^Cl: [89°]; 
long white teedles (from hot alcohol). Decom¬ 
posed at 240® into NH4CI, water, and nitrogen, v, 
sol. water.—Formate B"(H 2 C 02 ) 2 :fl 28 '']; got 
hy heating triazo-aoetio acid with water. Beet- 
angular tables. 

Bi-bensylidene hydraiine Nj(CHPh)j. [93®]. 
From hydrazine sulphate and benzoic mdehyd^ 
Long lustrous yellow prisms; insol. water, sol. 
hot alcohol. Decomposed by heat into nitrogen 
and PhCH:OHPh, a by-product being N 5 (CHPh)a. 
[78®]. !]^e molecular weight of di-benzylidene- 
hydrazine has been confirmed by Baoult's 
method. 

Dl-beniyl hydrazine N 2 H 2 (CH,Ph),. Formed 
by reducing the preceding with sodium-amalgam. 
Its hydrochloride B'HCl [140®] crystallises from 
alcohol in small lustrous tables, v. so?, water. 

BUoxy-di-benxylldene%ydraiine 
N,( 0 H^ 4 H 4 . 0 H),. [205®]. From salicylic alde¬ 
hyde and salts* of hydrazine. Tables, insol. 
water and (»ld alcohol. 

Di-nitro^i-bemiyUdene hydraiine 
N,(CH.O-H 4 .NOa)a. [181°]. From o-nitro-ben- 
^oio aldehyde and salts of hydrazine. of 

brighh yellow needles. 

Bi-oinnamylidene-bydrazine 
N,(CH.CH;CHPh),. [162®]. From cinnamio 
ald ehyde and hy^azine salts. Yellow tables. 

BTBBA2IHB8. The name ‘ hydrazhae ’ was 
applied by Emil Fischer to the then hypothetical 
diamidogtn HaN.NH„ which he regarded as^be 
parent substance of wp hydroMinta^ a large and 
important class of bases discover^ by him, de¬ 
rived tnym diamidogen by the riplaoement if 
either one or two atoms of hydrog^ by monad 
hydrocarbon radicles. The name Was intended 
to indicate the conogotion of these bases with 
the ozo- and diozo- compounds, and in particular 
witii bydrazobenzene O4H5.NH.NH.O4H, [synb 
metricid diphenvlhydrazine), the oldest known 
member oi the clase of we hydAizines, whilst at 
tHe same thae the termination *asine* woi' 
formed on t^ analogy of * amine,' in order 
a paraU^nonenolature might be employed la 
the oaie cl oo^mnondins deriyatiyes m the by- 
dftiiaei iQ4 imiMt mi the h!firwonium 


compounds* would correspond with the amtruh 
nium compounds (A. 190, 70)., 

Hy[|razine itself baa recently been prepared 
by Guiii^s, and the analogy between its reac¬ 
tions ana those of the compounds discovered by 
Fisoher fully justifies the foregoing classification. 

The hydrazines are divided into primaiy and 
^secondary, according as one or two hydrogen 
atoms in the original diamidogen molecule have 
been replaced by hydrocarbon radioles. If the 
two radicles are attached to different nitrogen 
atoms the resulting secondogy hydrazine is 
termed syntTneiricali if to the same nitrogen 
atom it is UTisyniTnctricdl. The unsymmetrioal 
secondary h^d^azines behave like te^ary amines; 
they unite yith the alkyl halogenidea to form 
hydrazonvum compounds : 

NBVHHj + N’B',I.NH,. 

Preparation. — Ilydrazine NHj.NHjis formed, 
together with oxalic acid, when tri-azo-aeetio 
acid is warmed with water or with mineral 
acids: 

C4H,n,(coohl+ en^o= sCjO^h,+8N2H4. 

It is as yet known only in the form of its 
salts and of its hydrate N^H.iHj-O (Curtius a. 
Jay, J.*pr. [2] 39, 27). 

The derivatives containing alkyl and other 
radicles are obtained by reactions which have no 
sn^ogy with the foregoing. 

Primary hydrazines.—!. The primary hydra- 
lines, of which phenyl-hydrazine NHPh.NIl, 
may be taken as a type, are most simply obtained 
by reducing diazo-salts with stannous chloride; 
Ph.N:NCl + 2SnCL +SIHC1 
-Ph.NH.NH2,HCU aSnCl4 
(V. Meyer a. Lecco, B. 16.297^.—2. The method 
originadly employed by E. Fischer (A. 190, 71), 
in which sodium sulphite is bsed as a reducing 
agent, is more complicated. It gives in some 
cases a better yield, although occasionally the 
reverse is the case {B. 17, 572). In the first 
stage of the reaction the diazo-salt is converted 
by the sodium sulphitewnto a diazo-sulpbonate: 

Ph.N 2 Cl + N^S0,-Ph.N2.S0,Na + NaOl. 
Hydrochloric acid is then*added, which deoom. 
poses another molecule of sodium sulphite, and 
the liberated sulphurous acid or acid sulphite 
reduces the reddish-yellow sodium ^iazo-salpho* 
*nate to the colourless sodium phenylhydrazine- 
sulphonate: * 

Ph.N:N.SO,Na + NaHSO,+K^O 
« Ph.NH.N H.SO,Na + NtAsO*. 
Zine-dost and acetic acid ^ added to oomplete 
the reduction, and the sodium hydrazine-sul- 
phonate is then Ijjrdrolysed by heating it witb 
concentrated hydrochloric acid, when it yieldf 
phenylhydrazine hydroohlfujd® J 

Ph.NH-NH.SOiNa + HQ + H,0 
-pILNH.NH 2,HC1 -I* NaHSO« * 
from which the base can be liberqjted D/egofth 
^ali (B. FisSher, A. 190,78J.—3. when s diazo^ 
omido-compound is treated m alooholio sol utidl 
with zino-dust and acetic acid the diazo-gfW^ 
is reduced and the corresponding hydrazine u 
formed together ^th an amine: • 

^Ph.NrNHPh-f2H.-Ph.NH.NH,+PhJrar 

Dlaeo*eniIdo-ben«ane. « _ 

Ph.Nj.NEt, + 2H, - Ph.NH.NH,+KHBV 

PtMobetuwne* 

tUi method i* not oi pnot^ itnportuM ^ 
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sober, i.l90,77).->4.TbepTimai7b7drftsm6B 
ntaining ntdioles cannot be obtained by 
e foregoing reactions, as the diazo* de^vatives 
the alkyis are unknown. They may, however, 
) prepared from the nitroso-alkyl-orf^. Thus 
hen nitro 80 -di«eth^l*urea is reduced with zino> 
1 st and aoetio aoid the nitroso- group is con- 
irted into an amido- group: 

his amido- compound is then hydrolysed by 
eating with fuming hydrochloric aoid, when it 
ields ethylhydrfeine and ethylamine: * 

/NHEt 


CO<: 


+ H,0 


N(NH5)Et 

- Bt.NH.NH,+NH,Et + CO, (E. Fisdher, A. 199, 
!87). *» 

Secondary hydrazines.—1. < The unsymrae- 
.rieal secondary hydrazines, both in the fatty 
md in the benzene scries, may be obtained by 
he reduction of the nitrosamines with hcetio 
loid and zinc-dust: 

NPhMe.NO + 2H,« NPhMe.NH, -t- H,0 
(B. Fischer, A. 190, 146).—2. The unsymme- 
trieal secondary hydrazines are formed, along 
with the isomeric symmetrical compounds, by 
the action of the alkyl hologeuidcs on the pri¬ 
mary hydrazines; thus phenylhydrazine yields 
with ethyl bromide the compounds NPhEt.NH, 
and NPhH.NEtH (E. Fischer a. Ehrhard, A. 
199,825). By employing in this reaction sodium- 
phenylhydrazine NPhNa.NH,, instead of frdo 
phenylbydrazine, only the unsymmetricsl com¬ 
pound is formed: 

NPhN«.Nffi + EtBr . NPhEt.NH, + NaBr 
(MiohaeUs, B. 19, 2460; Philips, B. 20, 2486). 
The unsymmetrical secondary hydrazines formed 
by alkylation are. identical with those obtained 
by the reduction of the corresponding nitros¬ 
amines. 

Properties. —The fatty hydrazines are liquids 
boilixi^ without decomposition; those of the 
benzene series are either solids of low melting- 
point or oily liquids, add boil with partial de¬ 
composition. Hydr^zi^te itself and some of the 
fatty hydrazines are diacid bases; others are 
monacid; the h^razines of the benzene series 
are ^ monacid liases. 

jRsoctions.—1. The hydrazines are very stable 
towards rednoing agents, bpt are readily at¬ 
tacked by oxidising agents. Thus the primaiy 
'‘hydrazines reduce FehUng*s solution in the cold, 
the secondary on wprming. By shaking with mer- 
curie oxide the saltl of the primstry hydrazines 
are oxidisad to diazo- salts; this is most readily 
shown with potassium phenylbydrazine-sulpho- 
oatr Fh.NH.NH.SO|£, which is thus converted 
into the diazobenzene-sulphonate Pb.N:N.SO,K 
(]gl. Fischer, 4* ^)* ^symmetrical 

second^ hydrazines ate converted by merourio 
oxide into tetraeoTies: c 

«iNPbMe.NH,+0,- NPhM6.N:N.NPhMe+2H,0 

^ , Dlnethyl-di-plienyl. 

#' tc^uona 

(F., i^90,167), whilst the synrnetrioal secondary 
hydrazines are oxidised to azo- compounds: 4 

Ph.NH.NHEt+0-PH.N:N.Et-hH,0 

Aso-pbaayl-etbyl 

{B.^schera.Ehrhard,4.199,828).—3. Nitrous 

90Qverti Ux^piimaty hydrazine* into ai- 


troso-compound*; thus with phenylhydrazine 
Ph.NH.NH, + HNO,-Ph.N(N0)JNH,+H,O, and 
when the nitroso- compound thus form^ is 
treated with dilute alkalis it yields diazo- 
benzenimide: 

Ph.N.NHa U Ph.N-N + H,0 

(F., A. 190, 89). The onsymmetrioal secondary 
hydrazines, on the other hand, when treated 
with nitrous aoid, are converted with evolution 
of nitrotis oxide into the nitrosamines from which 
they were obtained: NPhMe.NH 2 + 2HNO« 
«NPhMe.N0 + Nj0 + 2H,0 (F., 4.190,169).— 

3. With the ha^enu^s the primary 

hydrazine*8 yield e mixture of symmetrical an^ 
nnsymmetrioal secondary hydrazines, whereas 
sodium-phenylhydraiiDe giyes only the unsym* 
metrical compound (v. supra). The unsymme- 
trioal secondary hydfazinea unite directly with 
an alkyl bromide or iodide to for^ a hydraso- 
nium compound: 

NEtyNHa + EtI p. N'Et,I.NH, 

Trie^ylhydr^niua 
‘ Iodide. 

That triethylhydrazonium iodide l)p.s the fore¬ 
going constitution is shown by its behaviour on 
reduction (fviih zinc-dust and dilute sulphuric 
acid, when it yields trietbyiamino, ammonia, and 
hydriodic acid: 

N’Etal-NHa + Ha - NEt, NH, -h HI 
(E. Fischer a. Ehrhard, A. 199,316-18).—4. By 
S,he action of acidoyl chlorides on the primary 
hydrazines mono- and di- acidoyl derivatives 
are obtained. Phenylhydrazine yields, by the 
limited action of benzoyl chloride, symmetrical 
benzoyl-phenylhydrazine Ph.NH.NH.CO.PH, 
which by oxidation in chloroform solution with 
mercuric oxide is converted into benzoyUdiazo^ 
benzene Ph.N:N.CO.Ph (E. F., A. 190,126). By 
acting with benzoyl chloride on sodium-pnenyl- 
hydrazino the unsymmetrical benzoyl-phenyl¬ 
hydrazine Ph.GO.NPk,»KHa is obtained (Michaelis 
a. Schmidt, B. 20, 1713). Both these mono- 
benzoylphenylhydrazines, whgn treats with 
benzoyl chloride, yield the seme dibenzoyl- 
phenylbydrazine, which has therefore the con¬ 
stitution Ph.CO.NPh.NH.CO.Ph (E. F;. A. 190, 
128; M. a. S., I.O.). These acidoyl- derivatives of 
the hydrazines are the hydrszides of th^ aoi^ 
and correspond with the amides, anilides, dto.* 
Thus: 

Pb.CO.NHPh Ph.CO.N^^h 

BeazphearhiydraElde 

(Benzoyl-aniline). ' (Bensoyl-pbcuylhydnzine). 
-A large number ot eimilar cleriTativea cor¬ 
responding with the amides and allijl-amidea . 
have been prepared; thus phenylhydxaaine hy- * 
itoohloride 'reacts with potatsium cyanatt to 
form phmi^emicarhaMe ' Ph.NH.NH.0O.NH, 
(the eemi-Sirea ot phenylhydruine); i>henyl- 
hydrazine unites with iyfbm diozM yielding 
as product phenylhydrannt phmytearbaiaU 
PH.NH.NH.CO.O.N,HJ?h, and with carbondtsuJ- 
%hi4e to tonn phmylhydratine phmyUhiocarb- 
(uats Ph.NH.StC0B.S31,H,Ph (oorteaponding 
lespootively with ammonium carbamate and 
ammonium thio-carbamate), and on heating the 
‘ ltU,tlMceloie,lila«miatcto.ppl,tll«WM‘h7dMI- 
Uh' to the'bydnioaM'(, 
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oom^nna it yields the thio.nte» diphmyU 
CS(NH.NHPh), (E. P., i Si). 

^*“'~**®;* like n&nner azidines are knowu* 
correBponding with the amidines ; thus bemefiyU 

dishenyUuUint (Pinner. B. 

17» 182).—5. Phenyihydrazine unites directly 
with cydnogem to form dicyann-phenylhydraz* 
iue (P.).—6. One of most important reac¬ 
tions of the hydrazines is that in which they 
undergo condensation with compounds contain^ 
ingcarbonyl-groups: thus * 

Ph.CHO + HjN.NHPh « Ph.CH:N.NHPh + H,0 

B«uzyl(<leu«>pLeiial> 
hyilriizio^ (Bruz* • 
aldel^'ilrazone)* ^ 

PhjCO + H.N.NHPh - rh.C;N.NIIPh + H,0 

* I^nzoplieuouc- 
> pbeD^lhydrazonA 

In this way phenylhydra^ne may, like hydroxyl- 
amine, be employed in testing for the presence 
of carbonj4group8 in compounds (E. Pischer, 

A, 190,134 ; B. 17,572). The compounds thus 
formed are known as hydrazonea (o. v.). The 
reaction is occasionally complicated oy the pre¬ 
sence of other reactive groups, in addition lo the 
carbonyl gibup, iu the molecule of the com¬ 
pound acted upon by phenylhy^ruzine; thus 
although compounds containing tba a-ketone- 
alcohol group —CH(OH).CO— react in the 
cold with only one mol. of phenyl hydrazine 
to form colourless compounds containing the 
.group —CH(OH).C(N.NHPh)—, yet when the 
compound thus formed is heated with excess dt 
piienyihydrazine, the alcohol group undergoes 
dehydrogenation, reacting at the same time with 
a second mol. of phenylhydrazine and giving 
rise to a yellow compound containing the complex 
—C(N.NHPh).C{N.NHPh)—. Such compounds 
in which two hydrazine- residues are attached to 
contiguous carbon atoms are known us osazones 
(t?. Hydiuzonbs) and may also be obtained di¬ 
rectly by the action of the hydrazines on the 
a-diketon^ They are o# great importance in 
connec|ioa with the carbohydrates, which may 
frequently be recognised by means of their 
oharuoteristio oeazones (E. Fischer, B. 17» 579; 

20, 821).^ Again, an unsatprated hydrocarbon 
group, if contiguous to the carbonyl-group, may 
Also take part in the reaction with phenyl^ydraz- 
ine: « 

CH.:OH.CHO+H^.NHPh 

Aoroleta 

N-N.Ph 

- II I +H.Ci 

CH.CH..CH, 

Fbeu^ylpyruoUae ^ 

(E. Fiedler a. Enosvenagel. A. 239. 194; V. 

* also Enorr e.ijUiik, ^;238,139). An analogous 
case is Uiat o< ethyllo aceto-aoetatetwhioh reacts 
with phenylbjdrazms in the oold with elimina- 

, tion ol water to form the hjdrazonsi 

* CH,.C(N.NHJH).CH,.COOEtt 

bnt on heating this oomponnd. it parts with 
aloohol jrielding a phenylpytazolone ol th% 
lonnula • 

NJh 


iAjo 


the carbethoxyl-group also taking part in the 
rea<^ion (Enorr, A. 238,146). Bimilar complex 
condensations have been deJbribed with 0-di- 
ketones and with some 7 -diketoneg (E. Fischer 
a. Buloer, B. 18, 2135; Paal, B. 17,914; Japp 

a. Huntly.C.J. 1888, 184). 

Various other reactions of hydrazines are 
known, and some of these are doubtless of 
rgeneral appKcation, although they^have as yet 
been applied only in special cases*. They will 
be described under the appropriate hydrazines. 

F' B. J 

ftYBBAZO-BEKZEKE s-Bi-pbxhtl- 

bydbazinu. 

HYBBAEO-BENZOIO ACID ®. Di-fhekt2^ 

HTDBAZINB m-CARBOXYLIC ACID. 

HYpEAZO- COMPOITNDS. Symmetrical di¬ 
derivatives o^ hydrazine, of the formula 
RNH.NHR' where R and R' represent radicles 
attaahed by means of carbon to the two atoms 
of nitrogen (c/. Hydrazines and s-Di-phemtl- 
hydbazine). They are described in this dic¬ 
tionary as derivatives of hydrazine. 

HYDEAZO-HYDEOftBINONE p-Thtra-oxt- 

PI-PUE^L-MYDRAZINE. 

HYDBAZO-DI-METHYL- HYDROQTJUrOMTK 
V . Tetra-melhyl derivative of Tstra-ozx-pi- 

PHBNYL-HYDRAflNB. 

HTBKAZO-NAPHTHALENE v.Dx-NAPBTBTXr- 

BYORAZINE. 

BTYBBAZOKES. The compounds formed by 
the condensation of substances containing the 
carbonyl group with phenyihydr^ine were named 
by many chemists * phenylhydifizides,* or more 
shortly, * hydrazides.* E. Fischer, however (B. 
21, 984), has pointed out t^e impropriety of 
the term. A * hydrazide * corresponds with aa 
* amide*; the pheDylhydrazido-groupisPh.N^; 
thus the phenylhydrazide of benzoic acid is 
Ph.CO.N.^H 2 Pb. In order to avoid the ambiguity 
which the above erroneous use of this term in¬ 
troduces, Fischer has pfoposed to name the com¬ 
pounds in which the d^l^d group KPhH.NZz: re¬ 
places the oxygen of a caA)onyl group * phenyl- 
hydrazonesthe terminatidli one serving to 
suggest their connection with ketoTies or with 
^carbonyl compounds generally. FKirtber,*as in 
the very great n^fiiority of oases it is phenyl- 
hyd/razine which is employed in the preparation 
of these compounds, the abbrevia^d form *hy-' 
drazone ’ mav be applied iz]^l such oases, and 
is to be ta^efl to signify * phenyihydrazone * un¬ 
less the contrary is stated. The nanps 'osazooe' 
is, for reasons to be explained later, ap^ed to 
any compound oontainiug two dyad groups 
RPhH.N=l attached to t^o* contiguous carbon 
atoms. Thu| in the case of the two eompoux^ 
obtained from glyoxai agid phefiylbydr^^e wo 
have: • • 

• CHO 

Glyoxalhydrazone | 

tCH:N.NHPh 

. • CH:NJ?HPh • 

[:NF!HPb 


Glyoxalostuone 
(E. Fischer. 2.e.). 

Formation ^—The fact that phenjlh^ 
reacts with aldahydea was fist fluted < 
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E.7iBohet(jl. 190,184)t iluuifiililienioiosld*- 
hyde: 

Plj.OHO+H^OTPk - Ph.CH:HJ!tHPh +H,0. 

BesijUdeD^phaDyU^dniin* 
(BenitJdeh;dnion«)' 

Later (B. 16, 661, footnote; 17, 672f he ex* 
tended the reaction to ketones, diketones, ke< 
tonic acids, and carbonyl oompounds generally, 
and proposed the use of phenylhydrazine as a,] 
reagent, analogous in its action to hydroxyl*' 
axmne, to be used in testing for the presence of 
carbonyl groups in oompounds. At first {B. 17, 
678) he teoomine||ded that the compound to be 
investigated should be heated with an aqueous 
solution of phenylhydrazine hydrochloride mixed 
with excess cd sodium acetate, to.wB^h alcohol 
might be added to dissolve the coqapound; but 
later (B. 22, 90, footnote) a mixture of equal 
volumes of free phenylhydrazilie and 50 p.o. 
acetic acid was substituted. The hydrazone 
generally separates as a sparingly solubla.and 
frequency crystalline compound. The forma* 
tion of a hydrazone under these circumstances 
is a proof that the compound under examination 
contains at least one carbonyl group in the 
ketonio or aldehydio form, attached with 
both its affinities to carbon atoms, 6r to a 
carbon and a hydrogen atom, or to two hydrogen 
atoms. Oarbonyl groups attached with one or 
both affinities to oxygen or to tiitrc^en—as in 
CO.OH, CO.NH„dto.—do not react with phenyl* 
hydrazine. In some respects phenylhydrazine ia 
to be preferred as a reagent to hydroxylamine: 
it is more readily obtained, and oompounds con¬ 
taining more than one carbonyl group frequently 
reaot with twocmols. of phenylbydrazine, thus 
showing the presence of two carbonyl groups, 
when they would only reaot with one mol. of 
hydroxylamine. *The hydrazones of mono- 
oarbonyl oompounds are formed like the alde- 
faydrazones ^eady mentioned : thus, acetone- 
hydraeone (OH,),C:N 2 HPh, andphenylhydrazone- 
pyrvvic add CH,.C(N;^h).COOH. The action 
of phenylbydrazine on «dioarbonyl compounds, 
however, varies with thesrelative positions of the 
two carbonyl groups. * a-Dioarbonyl oompounds, 
in which the twqpcarbonyl groups are directly 
united, reaot eitiiier with one or with two mols. of 
pheDylhydra|ine, according to the proportions 
employed, to form respectively hydrazones and 
osazones; thus, diacetyl CH,%O.CO.CH, yields 
’r.diacttylmonohydrascjie CH,.C(N,HPh).CO.CH, 
and maceiyl<xatone 

OHrCW^h).O(N^h)*0H, 
fv. Peohmann, B. 21,1418). Glyoxal and benzil 
form similar osazones (Pioj^el, A. 232, 230). 
jS-Dioarbonyl compounds, m which the two 
oarboD]pl groups ar^separated by a carbon atom, 
reaot witiii one moL of phenvlhydi^ine to form 
an unstable hydrazone, wnion ^ntaneously 
parts with water yieldi^ ^vyragoU i 

Ph.C0:c4.C0.CH,+Ph.Nlf.NH, 
w** B«Dto;lMetaaw 

NJh 


- . A.C 


XUi eeaotion doM not, 


_ 3.0H,+2B^0. 

Ph.A-AH 

Meth^>Aiphe&yl*{7rMo£» 

'Abbreviation for 'beanUShTde-brdniroe.* Uke 
fkiUiUazin' for *l>^wtf4ehy4e otua.* 


however, oeoni iritk S-diketonei o( the foim 
—CO.C®VCO—, to which both hydrogen atom, 
ot the methylene group are replaced by aUcyi, 
(Fiaohet a. Bdlow, B. IS, 21S6; Knotr, A. 2S6, 
189). Y-33ioaibonyl oompounde, to which the 
two carbonyl groupie separated by two carbon 
atoms, react sometimes with 9 mols. ot phenyl- 
hydrazine to form dihydrazonee, thus: , 

CH,.CO.OHj.GH,.CO.SP, + 2Ph.NH.NH, - 

AootoQvl-acotoua 

CH,.C(N,HPh).CH,.CH:,.0{N,HPh).CH, + 2HsO 
(Paal, B. 18, 60), and sometimes with only 1 
mol. of *ph^nylhydrazine, eliminating, however, 

2 mols. of water: 

CH,.OO.CH,.CH,.CO.O,H,+0,H4.NH.NH, . 

A^betony^cetopheQoae 

" »»0,^„N, + 2 H 40 . * 

The constitution of tlm compounds of the latter 
class is upknown pseu’, B, 17, 914). 

Allusion has alrea^ been made to the simi¬ 
larity in the action of phenylhydrazine and of 
hydroxylamine on oarbonyl eompq<inds. The 
phenylhydrazo- group N.NHPh corresponds with 
the hydroximido* group N.OH. V. Meyer has 
shown that hydroximido* (isonit^so*)compounds 
are alto formed by the action of nitrous acid ou 
oompounds containing the ^oup Cp, or GHB' 
attached to two eleotro-n^ative radicles, being 
a readily ^is|>laceable radicle (acetyl or carb¬ 
oxyl). Japp and Elingemann (C. J. 1888,623; 
B. 20, 3284 and 8398; 21, 549) have found that 
by the action of diazo* salts on compounds which 
yield hydroximido- compounds with nitrous acid 
^r on their sodium compounds) hydrazones are 
formed.' The following equations, in which for 
the sake of simplicity free diazobenzene is em¬ 
ployed instead of a diazo- salt, will illustrate 
the analogy between the action of nitrous acid 
and diazo- salts on compounds of the above-men¬ 
tioned type. 

Thus with ethylio aoeto-acetate the reactions 
may be expressed as follows: 

OH,.CO.CH,COaCp, -f- HNO, 

- CH,.CO.C(N.OH).CO,0 A+H,0 

BtbyUo hyd:roxlmi<io4W)e£>* 

glyoxylate e 

and 0 Hr 00 .CH,.C 0 aCP 4 + i>h.NpO 

DiazotMUzeae 

- CH,.OO.C(HaHPh).CO,Op,+15,0. 

Sthylio phenylbydrasoae- > 

i aoeto.gl]roxylat« 

In (he case of monalkyl dematiTea of elhylio 
aoeto-acetate, the acetyl group ia expelled: 

OH,.CO.CH(CH,),CO,C£. + HNO. 

-OH,.C(N.OH).0O,0jH,+ 0*0, 

** BibyUo hydroximido- 

pytttTftte 

mC OH,.CO.CH{OH,).COaOaH,+Ph.NpO 

- OH,.C(N,HPh).COaC,H, + Qfifir 

Bthyllo phonymy&Moso- 
^ pymvate 

With fru ooeto-aoetic acid, or monalky 
ooeto-acetio^iaoidB, the carboxyl group is elim.- 
nated instead of the aoetylsroup: ' 

OH,.OO.Ofi,,O0vH+HNO, 

» GH,.OO.CE:N.OH 

i Pyraviddfihydrazlms ' 

and OH..OQ,CE,.COOH -r Pb.Npo 

-CH,.OaOH:NpPh + CO,+H,0, 

PyraTtldehydruoA* 

' Beyer and (BaUen have, however, ihoirs that in oe^ 
tala oaaei rtnmBoimai are ioitted (A iU 

ltt7> 
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&niA viaU *♦>, * fttiiaceto-1 V^iizaldeh^de on unaymmetrioal benzyl-phenyl- v 

acetio Mid corresponding compound hydrazine* it is thus proved ftiat the hydtazonea 

M the xorm^ CH,.CO.C(N,HPh),C^g. Those I have the constitution E'.OHtN.NHPh and not, 


ot the loregoing hydraz^es whlcn contain a 
oarbonyl group oontiguouB to the phenylhydraz- 
one group may be made to react with phenyh 
hydrazine to form osaiones (J.V K.* U.). \ 

Pfaenylhydrazine is capable of expelling the 
hydroxizttido- group to form hydrazones: 

Ph,C:N.OH + Ph.NH.NH,. 

Dlphenyl-aoetoxime > 

- PhjC:N.NHPh + NH,.OB» 

Beuzopbenooe- , • 

phenylhydrazon^ • , 

(Just, B. 19,1206). 

F^operties.—X few of the hydtazones are 
liquid, but the majority are crystalline solids. 
By warming the solution of a carbonyl compound 
with phenylhydrazine and determining the melt¬ 
ing-point of the hydrazone formed, the hydraz- 
one, and thus the carbonyl compound from 
which it isdeeived, may frequently'be identified. 
Many of the hydrazones decompose on Aielting; 
in detenflfining the melting-point, therefore, the 
temperature must be raised as rj.pidly as is con¬ 
sistent with accuracy, otherwise top low a melt¬ 
ing-point will be found (£. Fischer, B. 17, 573; 
20, 827). ^ ^ , 

Beaetions. —1. The hydrazones are, readily^l 
reduced either with sodium amalgam and acetic ■ 
add or with sinc~dust and acetic add, Acccfid- 
ing to the length to which the reduction is 
carried the hydrazone either takes up two or four 
atoms of hydrogen—in the latter case with dis¬ 
ruption of the molecule at the point ot union 
of the nitrogen atoms. Thus phenylhydrazone- 
pyruvic acid 0H,.0(N.NHPh).C00H yields in the 
first stage of reduction benzene-hydrazopropionio 
acid CH,.OH(NH.NHPh).COOH (E. Fischer a. 
Jourdan, B. 16, 2248), and this by farther reduc¬ 
tion breaks np into alaitine CH,.CH(NH^,COOH 
andjmiiine (Japp a. Klingemann, C. J. 1888, 
686)r This latter mode of reduction into a mix- 
tore of two bases was discovered by Tafel 19, 
1924),jffho proposed to eipploy the reaction as a 
method of preparing primary amines from carb¬ 
onyl compounds; thus benzaldehydf^ could be 
converted, by the reduction of its hydrazone, 
into benzylamine.—2. The action of Heat on the 
hydrazones has not been much studied. Many 
of them decompose when heated, yielding 
amongst other products aniline. \^en aide- 
hydrazone is heated for some time to boiling it 
ia partially converted into diacetyl-osazane (v. 

aoH;.cH(N^y 

. CH,,C(N^U?h).C(NiPP*).CH,+H,» 

(J«pp a. Klingemano, 0. J. 

the action of sodium and an alkyl halogenide on 

a hydrazone (PhlRps, B. 20, 2487), an alkyl 

group may be introduced; thus with benzalde- 

hydnuone: 

Ph.CH:N.!l<^^ ^sPh.eH,Cl 


as w(£9 otherwise conceivable, the constituticm 
/NPh 

R'.CH^ I (Philips, l.eX Sodium alcoholaUs 

may be substituted for sodium in.the above re¬ 
actions (Landsberg, 0. J. 1888, 619).—4. By 
heating a hydrazone with an anhydride of am 
organic acid B,n aoidoyl grou^may be introduced; 
thus, benzaldehydrazone, when heated with 
acetic anhydride, yields the compound 
Ph.CH:NiAl(P,H,0)Ph (Michaelis and Schmidt, 
B. 20,171} n.).—5. By heating hydrazones with 
mineral acids they may gener^ly be hydrolysed 
into the carbObyl- compound and hydrazine from 
which they are derived (E. Fischer, A. 190,186). 
The hydrazones of a-ketonic acids, however— 
thus, of pyruvic acid—arc not hydrolysed by 
dilute mineral acids, whilst with strong acids 
they undergo complex decomposition (E. Fischer 
a. Jourdan, B. 16, 2243). Some secondary 
hydrazones are converted by hydrochloric acid 
into Indole- derivatives, ammonia being elimi¬ 
nated in the process: 

CH,>^-^’^NCOOH 


Uethyl-plienylhydrazoQe-pyruvic aold 

laCOOH + NH, 

r ' 


Mcthyl-iudole-ciirboxylio acid 


Sodium bensuldo- 

hydrasona 




(E. I‘'’i8cher a. Jourdan, B. 10,2249; E. Fischer, 
A, 236,116).—6. If a phenylhydrozone contain 
a methyl- or a methytene - group directj||i 
attached to the carbon atom of the origin^ 
carbonyl-group, it may generally be converted 
into an indole- derivative by heating with zinc 
chloride. The reaction occurs with elimination 
of ammonia, and restrables the foregoing fonna- 
tion of an indole- derivative by the aotion of 
hydrochloric acid, but is applicable to primary 
as well as to secondary hy^Jjrazones: 

C.H,.NH.N:C(OH.)j=ciH,<^^C.0H, + NH, 

Acctoue-plienyihyjrazone Methyl-ketolo 

(E. Fischer, A. 236,116). Aldehydrasone, hqjffc 
ever, when heated with zino cWoride, does not 
yield indoje, but its honAloguea are converted 
into homologues of indore. 

Some hydrazones undergo speciflo ehemtoa. 
changes, not general to the class, but depending 
on the presence of certain reactive groups il 
the molecule of the partichlar hydrazone. Snot 
changes ate, for example, the formation «f, t 
pyrazolone from tlft hydrazone *1 ethylii 
aoeto-aoet*te and ot pyrazoUilfes from the h y 
drazones of unsaturated carbonyl- oompw«aoi 
(o. Hvdbazinkb). <■»» 

Osazones. As already mentioned, the nam< 
osazane denotJs a compound containing in it 
molecule two dyad groupe NPiiH-lC att^ei 
to two contiguous carlx^ atoms. B. Pisohe 
(B. 17,679) obtained from oarbifliydrates a eerie 
of characteristic compounds formed by th 
introduction two phgpylhidtazone gnwp 
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htorwonhs. 


into the Moleoille ot • oMbohydrtte (». infra). 

oompouDid from dextroM wai termed 
phetwl-ghieofaMOfUi that from galactose, 

Mlootosoione, and so on. Later, when ft was 
fonnd that in these eomponnds the two ohenyl- 
bYdraxine residues were in contiguous positions, 

the name os<uon$ wa* appUed to aU owwiawne 

oontaining parUoulat grouping (B. Fischer, . • v A. m 

B * • W* ^ hydiazone-hydfoxim by the action ot 

Various methods lor the ^paration ol j ^.^^lorides ol phosphorus; 


with dilute aoide (v. Feohnuwa, B. 2780), oi 
(Tuwl ^ V Mo^r. £, 91, 2808) 
the Utter process giving the better yield. 

OH,.C;N.NHPh Olt,.0:N/ 

Waoetjl-omoM 


various mewioue lor the — - 

<}sazoneB have already been inoidentehy mem 
tinned in the oonrsC oi this ertiole. Thus, they 
formed (1) by tfa» action oi 2 mola. of phe^h 
hydrasine on an a-dioarbonyl compound, (2) by 
t^e eotion of 1 »<!*: con 


xne BCUOU U 1 * r—-. 

hydrazone oop^taining a ®®^bon^ ©---r 
tiguous to the hydrezone-group, snob hydrazones 

b^ formed as intermediate products m the 

first-mentioned reaction; and (3) by heating an 
aldehydrazone. In addition to their formation 
by the foregoing reactions, which have Men 
afready describ^, osazones may be obtained 
(4) by heating iso-nitroso-ketones, in which the 
iso-nitroso- group is oontiguona to the carbonyl- 
group, with phenyl-hydrazine: 

CH,.CO.CH(N.OH)-t-2Ph.NH.NH, . 
lUonltroso-acetone 

- OH,. 0 (NjaPh).CH(NjHI'h) + NHj.OH 

pyroTaldebyde-osazoae i 

(y.reohmann,B.20,2643). They are also formed 
(6) by the action of phenylhydrazme on com- 
pounds oontaining the group —CH(OH).CO , 
tiius, on a-ketone-aloohols and a-aldehyde-alco- 
hols: and it is dhe members of the carbo¬ 
hydrate family beWnging to these classes which 
yield osazones. In the cold-unless on long 
standing—only the carbonyl- group reaote with 
■^euvlhvdrszine, ft£d a hydrazone containing 
ae group -OH(OH).C{N^h)- IS formed; 
but thie compound, on heating with excess of 
nhenylbydrazine, is converted into an osazone, 
the aloonol- group also taking part m the re¬ 
action. The mol. of hydrogen wbioh is removed 
In this process reduces e a mol- of pbenyl- 
hydwine to aniline an*ammonia; 

_-OH(OH).{P— -t- 8NHPh.NH, 
C(NjaPh).OrajHPh)— 

•• .fNB:^h-t-NH, + 2H,0 

(B. Fischer. B. 17,679 ; 20,821 f21,988,2631). 
luDioarbanyl- compounds, on the other band, 
iSot with exoeft of phenylhydrazine to form 
osazones fiven in the cdld. * 

The osazones are of a yellow colour: the 
yellow colouring matters known ^ ‘ tartrazmes 
are the osazone* of dihydioxytartano acid. 
Oono. snlphnrio acid sJissolves the vanous 
osazones, giving oharaoteristio oolour^ons, and 
the aolution generally exhibits eomb definite 
coUnr-ohesge on stantogtJapp a.Klmgemann, 
B 21.649). Fnifiing hydrooUono aCid hydro- 
s*- the osazones in the cold into phenyl- 
r^uizt and the a-dioarbonyl-compound from 
hioh they ate derived (B. Fischer, B. 21, 

Omrltt^” The^ototriazonet eost&in the 
Med-bhain oompUx They ate 

med: 1. ittm the peasonea ^er I 7 boiling 


OH,.C;N.OH 

OH,.lj:N.NkPh 

Dlacetyl-lfytlrHZon®- 
hydroxic^ ® 


CH,.0:N 


Nn-Ph + a.o 


(y. Pechmann, l.c.).- 
(®. 1 


3. From the osotetrazones 

^he osottiazones ate,feebly'\)a8io, very stable 
compounds. '' , . 

Osotstraxonee. The osotetrazon^ oontam 
—C=N—N— 

the dosod-chain complex 

are obtained by oxidising the feazones with 
potassium diohromate in dilute aoetio^oid solu¬ 
tion; 

CH,.C:N.NHPh CH..C;N.N.Ph 

I +0- II +H,0 

CH..C:N.NHPh CH,.C:N.N.Ph 

Piacetyl-osaxone Dtacetyl-OBotetraione 

V Pechmann, B. 21, 2755). They are dark- 
ref neutral compounds, the formation of whioli 
j has been recommended as a oharactenstic test 
for the osazones (v. P.). 

By boiling the osotetrazones with «dimte 
hydrihlotic acid they are converted into oso- 
triazones: 


..k 


CH 

Oa,.C:N 


;N.N.Ph 


+ H,0 


0H,.0:N/ 

Dimethyl-phenyl- e 

oeotrlazone 

The oxygen is not Ubeiated, but oxitoes « por¬ 
tion of the substance (v. Pechmann,B. 21,2767). , 
' Neitha: the osotnazones nor the osoUtraz- 
ones have been much stadied. F. 

HYDBAZOPHBNINE 0„H„N.. [174^. 

Formed by heating azophenine with alcohoho 
ammonium sulphide at o. 140°. Monrless 
needles (OtFisoher a. Hepp, B. 20, 2488). 

HTDBAZO-PHEKOL v. Di-oix-Dr-»Bssxi.- 

HVDBAi.ISE. 

HYDBAZO-DIPHEHTL . 

1 cA.0.H,.NH.N’10,H,.0A- Dt^diphenyl hy- 

' (irazUe. [247°]. Prepared by reducing azoiy- 
dinhenyl with ,alcoholio ammonium sulphide 
(ZimmUann,*B. 18. 1961). White pearly 
plates, insol. water, si. sol. al»ohol and HOAo, 

m. sol. ether. _ . _ 

^YDBAZO-PEBim-lCHIffn. V. s-Phkiiti,- 

^"liSSo&PHTHfLIO ACID ®. Dr- 

PHtonrL-BTDHAZINB TKTBl-OABBOnUO AOTO. 

HTDEAZO-TOI.UBinEv.Di.w>ttt-HTDBiaiM. 

BTSBAZO^TOIVOOrS DUmido- pi* 

yOlTIrHlPUiZIKB* ^ 



xiziJiiujtUfiX^ZOIN. 

Azxrxiiao aozx>. 

HTDBZDSf* Binary oompoands of hTdromn. 

Hydrogen forme bin^ compoundi irith alTtbe 
dietinetly non-metalHo el^enli, aleo with Aa 



. 'Tl^enon.xn.talUc hydrides 

solution of anisic aldehyd^ which has been 
treawd with sodium. Slender interlaoins needles, 
V. e. sol. alcohol and ether. 

peoiyB^iioSn C,.H,.0,. t96<>]. Foimed by 
DoiUng hydrp-anisoin or iso-hydrO-anisoIn with 
dilute H,SO<. Tufts of needles, v. sol. alcohol 
and ether. Oxidised by ohromio acid mixture to 
anisic aldehyde and anisic acid. 

^omeride of Deoxyanisoia 0,^,«0,. [216®]. 
Fonned by the action of Zn and HCl on hydro* 
anisoin or on anisic aldehyde. Crystalline; 
insol. ether. 

HYOBO-ANTHBACENE v, Anthracbnb ht* 
DRIDB. A hydride [88®] (o. 270®) has 

been obtained by Lucas {B. 21, 2510) by heating 
anthracene (3 g.) with red phosphorus {3 g.) and 
HI (i6g. of S.G. 1*7) for twelve hours at 250®. 

HYBBO.AXTHBACENE CABBOBYIIO 
ACIDS V, vol. i. p. 278. 

^ HTDBO-ANTHBANOL v» Anthb^mol dxhx* 
DBIDB, vol. i. p. 279. 

HYDBO.APO.ATBOPINE v. Atropinb. 
HYDBO-ATBOPIC ACID v, 9i-Phentl*pbofx* 

OHIO Aon>. t 

HYDBOBENZAUIDE ti. Benzoic ai<])ehvz>b. 
HYDBO-BENZENE DLCABBOXYLIO ACIDS 
V. Hydrides of the Phthalio Jbu>s. 

HYDBOBEKZOIC ACID v. Benzolbio aoid. 
HYDBOBElTZOilir i.e. 

C,H 4 .CH{OH).CH(OH).CeH,. SHlbens alcohol. 
Mol. w. 214. [138®] (Paal, B. 16, 637); [134®] 
(Zincke); [133®] (A.), .(above 800®). S. *26 at 
16®} 1*26 at 100®. » 

FoTTnation. —1. By tbt action of granulated 
zinc upon benzoic aldehyde d^solved in alcohol 
which has previously been partially saturated 
with HOI. The hydrobenzoln is ppd. on fulue* 
^uent addition of water (Zinin, A. 123}'125).— 
2. Together with^isohydrobenzoln and benzyl 
alcohol by the action of sodium-amalgam oi 
benzoic aldehyde dissolved in alooSol (Ammann, 
Z, [2] 7, 63} *4. 168, 69).-^^. From benzoin bj 
heating with alcoholic potash at 166® in an ex 
hausted tube, bei^ilio acid being also formed 
(Zinin, Bl. [2] 7, 260).—4. By the action of so- 
mum-amalgam on benzo!m(Grimaax, B. 2,281] 
or on benzU (Forst a. Zin<»e, A. 182, 259).— 
6. From Cgltj.CHBr.CHBr.CaH. by treatmAl 
with silver acetate or ox&late and^aponfSoatiox 
of the prodoA (Limprioht a. Sohwanert, Z, [2] 
8,684; A. 160,177). 

Prc^fics.—Silky needles (from water dTCI 
lute alcohol) or monoolinio tables (from ab8olut< 
^pohol); T. sol tJicohol. • 

* PsocfioNS.—l.Mfricaot<^oxidi8eBUtobenA 
I o!n and finally to benzil (^inin).—2. Ohrom* 
acid miaturs forms benzoio ald^yde (Zincke 
A. 198, 121).—8. PCI, forms (a)- auj (D)-dt 
»ohloro>di‘phenyl-ethane OcBLOB!b}»OH01.C«!^ 
4. PBr^ forms in like m&n« % bromide 


The non-metalUo hydndes may be classified 
i ftocord^oevnth their oompo8itionaaf<Alowa 
(i.) SM: HP, HCl, HBr, HI. * 
iii.) ; H,0, BL8, H,Se, H^Te. . 

(lU.) B,af ; H,N,H,P,?Hsa, H,i^3,H,Sb. 
(it.) E,M: H,C. H,Si. • > . 

(T.) Various: HA.?ftS„H.Pj,H.N,; nu- 
merouB hydrocarbcxis. , 

A definite hydride oP Cu, Cu^Hg, has been 
obtained. It decomposes at 60° into Cu and H. 
E and Na absorb H rapidly at c. 300®; com¬ 
pounds, KgH and NagH, appear to be formed. 
Pd, Pt, Fe, Ni, Au, and some other metals, when 
used as the negative electrodes in the^lectrolysis 
of water, absorb considerable quantities *of H. 
A compound PdgH is probably formed. In the 
other oases it is doubtful whether the absorption 
is purelv physical, or partly chemmaVand pArtly 
physiom. As a class, the metals do not form 
definite hydrides, while the non-metals do form 
hydrides. The greater number of the nqp-me- 
t^io hydrides may be produced by direct union 
of their elements; a few are produced by evolv^ 
ing H in contact with solutions of compounds of 
the elements, e.g. AsH,, and a few by mmre indi¬ 
rect methods. 

The ifon-metallio hydrides vary much in pro¬ 
perties: HCl, HBr, and HI are strong acids; 
H,S is a very weak aoid; NH, is markedly alka¬ 
line ; PH, is feebly alkaline; EgO is neutral; 
hydrocarbons differ extremely in their proper¬ 
ties, although none is either distinctly an aoid 
or an alkali. Some hydiides are easily decom¬ 
posed by beat, e.g. HgO,, HI; others are ex¬ 
tremely stable as regards the action of heat, e.g. 
H01, HgO. M. M. P. M. 

HYDiflNDIO AOID is a-qxt-o-Auxno-PBBNTL- 
AOBTzo Aon>, of which di-oxindole is the an- 
kydride. « 

nDBINDIHE V. iNOiNB. 

ExDBXNDONAPHTHENE v. Indonaphthbnb 
PXBTnRIDB. 

HYD BIODIO ACID v. Iodhydbio kcn>, vol. iii. 
EYDB0-. Organic compounds whoB% names 
begin with this prefix will usually be found de¬ 
scribed as hydrides of the substances to whose 
names it is attached. 

Use of this dppUed to w^ganio acids 
a/ad s(^. For hydro- acids and "^dro- salts •- 
the am^ or salts sought for. Thus, hydrofluo- 
bortc aoid will be found under BoBanuosHTDRZO 
AOID; hyc^fcrtccyayt^ add will be found under 
Fbrbootanhtdbzo aoi^ hydrofiuosiUcatcs will be 
found under Sizjoateb. 

EYDBO-ACBIDIHS «• Aobidinb ootohi? 
bBXDB. * e • 

STDBO-AinSOtEr 

03,(0Me).0H(0H).0H(0H).0,H,0Me. 2H- 

msOsoxy-hydro-htaKAn. [170®.172®]. A ismaU 
quantiw A this b^y is formed horn anisic 
•idehyie la elher«u solution hj sodium amal- 
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0 , 4 H„Br,i—5« Bilote H^SO^ ftt 900® forme di- 
pbenyl-aoetio aldehyde and an anhydride 0 i 4 H„O 
^reoer a. Zinoke,^B. 11,73; Weise, A. 248,84). 

Aoityl d$rivativ« * 

0^j.0H(0Ac).0H{0H).0«H*. [84®]. F^mhy- 
drobensoin and HOAo at 180® (Limpricht a. 
Bohwanert, A, 160,190; Foret a. ISincke, A. 182, 
1S4). Long needles (from aqueoas HOAo), ▼. e. 
•ol alcohol, ether, and HOAc. , 

Di-acityl derivative (CeHj 2 C^(OAo) 2 : 
[185®]; formed by acetylation of hydrobenzoin, 
or by ^e action of zinc-dust on a mixture of 
benzoic aldehyde Ond acetyl chloride (Paah B. 
16,686). Formed Ueofrom di>bromo-di*phenyl- 
etbane GfH^.OHBr.GHBr.C^, and ^OAo (Lim- 
pricht a. Scb^anert, A. 1^, 177). wonoclinic 
prisms (from ether); m. sol. cold (Ccohol, sol. 
ether and benzene. PGl^ converts it into (a)-di- 
ehloro-di-phenyl-ethane C^,.CH^1.GHC1.G,H,. 

Benaoyl derivative 

C^j.GH(OH).OH(OBz).G 4 H 4 . [161*]. Fonfied, 
together with the di-benzoyl derivative by heat¬ 
ing hydrobenzoln (1 pt.) with BZjO (3 pts.) at 
160® (Foret a. Zincke, A. 162, 277). Needles or 
plates (from alcohol); v. eoL alcohol, ether, and 
chloroform. 

Bi-beneoyl derivative 
Ph.CH{OBz).CH(OBz).Ph. [246®]. SmaU white 
needles, el. sol. most solvents. Formed, together 
with the di-benzoyl compound of isobydroben- 
zoin, by the action of zinc-dust on a mixture of 
benzoic aldehyde and benzoyl chloride (Paal, 

17,909). Formed also by treating the compound 
PhCHBr.GHBrPh with AgOBz (Forst a. Zincke, 
A. 182,277). 

Ph.CH.Ov 

Carbonyl derivative | \CO. 

Ph.CH.CK 

*[126®]. Obtained "fey the action of GlCO^Et on 
the eodium derivative of hydrobenzoin, which is 
itself got by beating hydrobenzolin in benzene 
solution wiw sodium-amalgam (Wallach, A. 226, 
61). Needles (from alcohol). Saponified by al- 
^.coholic KOH. 

Anhydride 0„Bi,6 w. 

[182®].* Fomid by boiling hydrobenz<&i with 
m]ute (9<ff>.e.) eulpburio acid, distilling off di¬ 
phenyl-acetic aldehyde and extracting the resi- 
""^e with MonooUnic crystals (from ether). 
Not volatile with Bt|am. Insol. water, v. sol. 
benzole, HOAc, and fiat alcohol. At 250° it splits 
Bp into s-di-phenyl-etbylene and benzoic alde¬ 
hyde. Beactione.^l. ’^en heated for 17 hours 
with Bz.O at 240® it gives di-benzoyl hydrobenz- 
om and some s-di-phhnyl-e<hylene.~ 2. HOAc 
at 170® forms di-aoetyl-bydrobenzo)n.—3. Ac^O 
doek not act below 2^\at which temperature 
it gives ^ di-aqptyl-hydrobeozoln, i-di-phenyl- 
etl^ene, and benzole aldehyde.-^. BzGl gives 
(d)-ui-chloro>di-phenyl-eihaDePb.0H01.0HCl.Ph 
f lOS*^. PClj forms the same body.—6. By heat¬ 
ing for 6 hours at 200® with ^nc. HlAq and 
phMphoras it is reduced to s-m-pbenyl-ethane 
[52®].—6. ChO, is HDAc forms OggHftOp whicdi 
crystallises from hot alcohol in small felted 
needles [155®] and 0|»H„0, [145®] (Brener a. 
Zincke, A.* 198,169).—7. Dilute (20 p.e.) 1^804 
at 200® fonas dj^phenyl-aoctic (udehyM.-- 


8. HOlAo (S.O. 1*10) at 170® ffives di-pheayl* 
acetic aldehyde and (a)Ai'<&oro-di-pheayl- 
ethane. 

{sohydrobenso'in 0 , 4 H, 40 , {a. 
C,Hym(OS),CH(OHhCJly [120®]. 8. *19 at 
15®; 1'25 at 100®. (formed, together with a 
smaller quantity of hydrobenzoln, when sodlum- 
, amalgam acts on benzoic aldehyde in presence 
of water. The''presenc#of alcohol ^minishes 
the proportion of isohvdrobenzoln to hydro- 
benzoin (Ammann a. Futig, A. 168, 70). The 
sepamtic^ may be efiected by repeated crystalli¬ 
sation from alcohol, in which isohydrobenze^ is 
somewhat the more soluble. Formed also by 
saponifying its di*ccetyl derivative. Glistening 
hydrated needles (fsom water), anhyitrous hexa¬ 
gonal crystals (from alcohol), or monoolinio* 
prisms (from ether)'. * The hydrated crystals 
melt at 9^. V. sol. {^ohoh^ether, and chloro¬ 
form. 

Beactions. — 1. POL gives (a)-di>chloro-di- 
phenyl-ethane Ph.GHCl.CHCl.Ph [1^4®], and a 
resinous compound GjaHj^ClO [150®] (fireuer a. 
Zincke, A. 198, 167).—2. Boiling dilute H^O, 
forms '-di-phenyl-acetic aldehyde' and the an¬ 
hydride G,4H,;.0 [102®].—3. By heatiimwith Bzp 
there is formed mono- and di-benzo^-isohydro- 
benzom and also di-benzoyl hydrobenzoln. 

Sodium derivative 

Ph.CH(ONa).CH(ONa)Ph(?). In on ethereal 
solution of isohydrobenzoin sodium-amalgam 
forms a powdery sodium derivative. Some of 
the isohydrobenzoin appears to be changed at 
the same time into a crystalline isomeride [125®], 
which is slowly dissolved by boiling water, being 
changed to isohydrobenzoin. 

Acetyl derivative 

C 4 H 4 .CH(OH).GH(OAc).C 4 H,. [88®]. Formed 
by the action of KOAc or of AgOAo on 
Ph.CHBr.GHBr.Ph (Forst a. Zincke, A. 182, 
282). Short thick needles. 

Di-acetyl derivative 
0,H,.CH(OAc).GH{OAq).C4H4. [118®]. Formed 
by digesting isohyarob^zoln with acetyl chlor¬ 
ide for 24 hours. Formed also by lolling 
Ph.GHBr.GHBr.Ph (1 pt.) dissolved m HOAc 
(3 pts.) with an excess of EOAo for 12 hours 
(Zincke, A. 182, 262; 198, 154). Fiat&s (from 
alcohol). Occurs sometimes in trimetrio prisms 
[106®]. ' V. sol. alcohol, ether, and chloroform. 

Beneoyl derivative 

0 hH 4 .CH( 0 H).CH(OBz). 04 H 4 . [180^. Formed 
together with the di-benzoyl derivative, by heat 
ing isohydrobenzoin with excess of Bz-O at 160* 
(Forot a.® Zincke, A. 182, 285). Small needlei 
(from dilute alcohol). V. e. sol. alcohol, ether 
and chloroform. 

Di-beneoyl deriva-tive G| 4 H, 2 (OBz), 
[151®]: fine srky needles; v. e. sol. ordinar; 
solvents. Formed, together with the di-benzoy 
derivative of^ydro-benzoln, by the action c 
zinc-dust on a mixture of be^oic aldehyde an 
benzoyl chloride (Paal, BjB 17, 909). Forme 
also, together with ito isomeride, by heating isc 
hydrobenzoln with Bz^O; also by the action < 
Ph.OHBF.O^r.P| on AgGBz. 

t Carbonyl derivative 
[110®]. Prepared by dissolving benzole alde¬ 
hyde and Cl.OOsEt in ether and treating with 
Sodium amalgam. A violent reaction occurs; 
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whmi it ftbaiet the flaek is heated for some time I 
with inverted condenser. The liquid is filtered I 
and evaporated, the residue is ozystalUsed from ' 
aloohoL The yield is bad. Formed also by 
trea^g the sodinm derivative of iBohydrobenz> 
(dn in ether or benzene vth ClCOaEt. an inter¬ 
mediate body Ph.CH(OCO^t).O^OCO^t).Ph 
being Mrhaps formed. Monoolinio plates (fropi 
alcohol). Insol. cold#rater, 8l.*8ol. boiling wateu. 
81 . sol. cold alcohol or ether. IuboI. CS^ sol. 
benzene. Decomposed by boiling potash into 
potaBsium carbonate and iso-hydro-bpnzoln. It 
18 not affected by Ao^O. PCl^ converts it into 
(a)‘di>ohioro-s*di>phenyl<ethane [ISC'H (Wallach, 
/. pr. [2] 26,262; A. 226, 80]. . 

Anhydride [102*]. Formed, 

like the corresponding anhydride of hydrobenz* 
oin, by boiling isohydtohjnzoin with dilute H.^S 04 
^Zinoke a. Brener), i^onoclinic ci^stals (from 
ether). More solublenn alcohol than its iso* 
meride. 

Beac^<ma. —1. When heated with BzjO it 
gives s-di-phenyl-ethylene and di-benzoyl-ieohy- 
drobenzoin.^2. HO Ac has no Siption even at 
260®.—8. AcJ) does not act at 170®.-r4. BzCl 
yields Pb.CHCl.CHCl.Ph [192®]. PCI, forms a 
compouna CjgHjjClO, which is finally converted 
into Ph.CH01.CH01.Ph.—5. HIAqand P at 200® 
form s-di-phenyl-ethane [62°].—6.\}rO, in HOAc 
acts upon it in the same way as upon its iso* 
meride. 

HTl)BOBEKZOXN-l)I-j>*CAltBOXTUG ACIB 

CA(S5fli.CH(OH).CH(OH).OA(CO^). Ob¬ 
tained by reduction of the sodium salt of benz- 
oin-di-carboiylic acid with sodium-amalgam. 
Infusible. Unsublimable (Oppenheimer, B. 19, 
1817). 

HYDEOBEBBEBiniE v. Beubebine. 

HYDBOBBOIIIC ACID v. Bboubeubjo acid, 
Tol. i. p. 532. 

HTDBO-BBOUO-CINCHBNB Cinohene 

BBOnOHTDBIDE. - 

HTDBO-BSOKO-CniCEONINE v. Ciechoh- 


XMEeSBOVOBEDBlDB. 

HYDBOBfllTBAIIIDE 


«. ISOBUITMO ALDB- 


BYDE. ■ _ 

HTOBOBUTYEOETOBNIC ACID O^HhO. ».e. 
CO.H.OH,OHrOO.OHj.C^CH,.OHj.CO,H. Ap 
inm^notly crystalline acid formed reducing 
brityro-furonio acid 0,H„0, with sodium-amal¬ 
gam (TSnnies, B. 12,1201).—Ag.A". 

HTOHO-CAPFDHIO ACID v. Caefeiiie. 

HYDEOOAUBHEKE v. Deoinene. 

HYDBOOABBONB. Compounds %)ontaining 
carbon and hydrogen, only. Liquid hydrorar- 
bone, especially terpenee and thmr leo- 

merides, are commonly found m essential oils 
from plants; solid hydrooarbo»s have been ob¬ 
tained from thefmitof EeracUum Sphondynvm, 
B. giganteum, Paatinaca sativaMni from other 
planto (Guthseit, B. 21,2881). The ohief eonroe 
of hydrocarbons iM however, the dry distillation 
of organio bodies, the nature of the product de¬ 
pending upon the temperature at which^the 
distillation takes place, einoe a red heat tendqj 
to deprive hydrocarbons olra part of their 
dre^en. Thus when coal is dis^Uled at fhe 
lowest p^sible temperature, the distillate oon- 
sists chiefly of paraffins and olefines; while dis- 
tUlation at a bc^t-red heat forms Urge quftk- 


tities of aromatie hydrocarbons. Ametioan 
petroleum, formed by the slow decomposition of 
vegetable matter under the surface of the earth, 
probably at a moderate temperature, is very 
largely composed of paraffins (cf. Bugler. B. 21, 
1816>* 

The hydrocarbons are insoluble in water; 
they are neutral, and do not form salts with 
acids or alkalis; they are not saponified by 
boiling wim dilute acids or alkalis, and are for 
the most part not affected by that treatment. 
They do not unite with alkaline bisulphites, nor 
de they react with bydrogylamine or phenyl 
hydrazine. 

According to Bertbelot (C. R. 84, 714) when 
liquid hyflrqcarbons are decom^sed by passing 
powerful gnduction sparks through them the 
gases given off consist of hydrogen, methane, 
ethane, ethyfene, and acetylene, but no hydro* 
carbon of higher molecular weight; carbon is 
deposited in case of ierpenes and aromatic 
hydrocarbons, but not from paraffins. 

The hydrocarbons with which bromine com¬ 
bines even in the dark are known as unsaturated 
fatty hydrocarbons; the remaining hydrocarbons 
may be divided into saturated fatty hydrocarbons 
and\romatio hydrocarbons, which may be dis¬ 
tinguished by treatment with fuming nitric acid, 
which forms nitro* derivatives with aromatic hy¬ 
drocarbons,*but never does so with the saturated 
fatty hydrocarbons. 

The saturated fatty hydrocarbons are also 
called paraffins, and contain a larger percentage 
of hydrogen than any other hydrocarbons ; they 
may be included in the genejal formula 
Unsaturated fatty hydrocarbsns of the formula 
are called olefines, since olefiant gas is 
the first member of the series. Of the hydro¬ 
carbons those whiAi give pps. with 8«*' 

moniacal solutions of cuprous chloride and of 
silver nitrate are held to contain the group CsOT 
and belong to the acetylene series. 

Vowel nomenclature, first proposed by Lau¬ 
rent in naming the chlorinated derivatives 
naphthalene, was adbpted by Hofmann to dis¬ 
tinguish the different tlassea of hydrocarbons. 
Thus, according to Hofmaiin, the names of tiie 
compounds: • 

end in -fju 
CHa, „ -one 

C„Ha..4 -.one 

C„H,„., „ -une. 

Inaamucl# as ine is tl^ usual termination of 
bases, and one that of ketones, in this dictionary 
the names of ^unsaturated hydrocarbons have 
been made to end in ene, thus; 

Hydrocarbons endin-ylene 

, ♦ „ -ineno 

» a -onofte 

Paraffiii. The saturated fatty hydroqftrbona 


Methane 

OH, 

Btbana 

oA 

*^ropand 

S#' 

Butane 

• O.H.A 

Pentane 


Hexane 


Heptane 


Octane 

1 OAe 
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. Bunaxw or Kon&no 0 |H|« 

Deoane 

Hwdeeana or ITndefftne OhHm 

Dodeoana 0 ,^^ ‘ * 

Trideouie C„H^ ^ 
Tetradeoane CjiHm 
P antadeoane 
Hexadeoane 0„H,« 

Heptadeoane c 

Ootodecane C„Hm 
E& ndeoane 
looaane 

Heniibsane ' 

Doooosane 

TridooBane , 

Triaoontane GmH,,. e 

Prom a atrootural point of viewparafQn 
ina;$r be regarded as formed from tne next lower 
nomologue by displacement of H by CH,. As 
the hy^ogen atoms in methane are similariy 
aitnatM there can be only one ethane, and as the 
atoms of hydrogen in ethane CH,.GH, are simi¬ 
larly situated tiiere can be only one propane. 
Bat in propane CH^CH^-CH, it is possible to dis¬ 
place a hydrogen atom either in the methylene 
gronp CH, or in one of the two methyl groups; 
thus we arrive at two butanes: CH,.CH(CU,).GH, 
and CH,.C:^CH,(CH,). . 

Proceeding in this way we find that there are 
theoretically possible 3 pentanes, C hexanes, 9 
heptanes, 16 octanes, 86 ennanes, 75 decanes, 
169 hendecanes, 366 dodecanes, 802 tridecanes, 
Ac. 

The paraffins kre said to be normal when 
they contain only iwo methyl groups, and may 
consequently be represented by a chain that has 
no branches, €,g. GH,.CH,.CH,.CHyCH,.CH,. 
* Tfo boiling-points 01 the normal paraffins are: 
Pentane (37^) 

Hexane (70°) 

Heptane (99°) 

Octane (124°), 

efter which they rise 19° fdr each increment of 
OH,. The other paraffins' boil at lower tempe- 
ratuiBS than Oieir norm^ isomerides. 

Oceurreftee.—AmOig the produots of the 
destructive distillation ^ coal, bituminous shale, 
peat, &c.land ia American petroleum. Natural 
or aftificmfi^etroleum yields on distillation: (a) 
petroleum ether or li^in boiling from 36° to 
90*^ containing ^ohiefiy pentane, hexane, and 
heptane; (&j benzoUnq,or petroleum spirit, boil¬ 
ing from to 160° orud containing heptane, 
Mtdne, and ennane; (c) kerosene, petroleum- 
naphtha, or paraffin oil boUin^f from 150° to 
200 °, containing decane, hendeoane, and dode- 
eano; (d) solid paraffin wia,ainixtare of saturated 
hydrocarbons of still higher nffileoubi’ weight 
(Ure^e WilliiAis, Tr. 1847,737; C. /. 16.130; 
wborlemraer, O.i^. 16,419; Pelouze a^Gaboura, 
m 289; 127,196; 129,87). 

- ‘Fot^tion.-^X, By distuUng the acids 
with exoees of potash, lime, or baryta. 
8 . By the action of water on th|. zinc alkyls; 
tiiiit reaction may be cqnied out by simply heat¬ 
ing the akwhoUo iodide with zinc and water, or 
Ibj treating thmn with tile oopper-zino couple in 
preeence (d water or aleoboL—3. By the reduo- 
^tion the (ffiMdes or iodides of alcohol radicles 
I 9 aiiic and^hydro^iferiQ acid, by A or by 


sodium-amalgam.^. By the actioa of Sodiufll 
or of redpeed silver on an iodide or mixture of 
iodides BI+B'I-i-Na,«*2NaI+BB'. This pro¬ 
cess <8 known as Wurtz’s reaction (Wurtz, 
A. Ch. [ 8 ] 44, 275). — 5. By the action of 
alcoholic iodides on fiino-alkyls.'-C. By the 
electrolysis of the uidium salts of the fatty 
aeids. . 

' PropeffMS.—Metbane, tihane, propane, and 
butane are gaseous at ordinary temperatures; 
the speoifio gravity of the higher paraffins in the 
liquid state, steadily rises with increasing mole¬ 
cular weight.* The paraffins are distinguished 
by their comical indifierenoe {parum ajffinis). 
They are not attached by KOH, by HjSO,, or by 
cold fuming ftNO,. ^ 

Beoc^tons.—l. Chlorino, acting on a normal 
paraffin foims only j^l-fmary, and secondary 
chlorides,' the latter <bataining the group 
OHCICB^. Bromine forms, however, only 
secondary bromides of similar constitution 
(Schorlemmer). The isomerio mono-ohlorin- 
ated paraffins got from petroleum yield, by 
abstracting HGl, a mixture of olefines one por¬ 
tion of which combines readily wuh cold HCl, 
whilst the rest only combines on heating. The 
ohloro- derivatives formed in the cold distil 
with partial dpodluposition and at a lower tem¬ 
perature than those formed by heating. The 
latter distil without decomposition and have tho 
general formula GH,.CHC1 .CqH,„^j (Sobor- 
femffier.t?. J, 26, 319; Pn 29, 364; T. 171, 
461<-, Morgan, C. /. 28, 801; Le Bel, Bl. [2] 28, 
460).—2. Bromine does not act upon tl^m in 
the dark, in sunlight its colour disappears, a 
molecule of HBr being formed for each moleoule 
of bromine used up.—3. Hypochlorous acid does 
not unite with paraffins.—4. Chromic acid and 
hot nitric acid (S.G. 1*4 to 1*5) oxidise them to 
CO,, forming in some oases intermediate fatty 
acids (Schorlemmer, Pn 1C, 873). 

Olefines The names of the olefines 

are;— t 

Ethylene CjjH 4 
Propylene C,H, ^ ^ 

• Butylene C^H, 

Amylene OjH,^ 

Hexyfene C^H,, 

The higher members are named by writing 
-ylene in ^ace of the -ane in the names of Ij^e 
paraffins (v. supra)- Methylene OH, does not 
appear capable of existing; in reactions where it 
might be expected ethylene is formed instead. 
It will be o^erved that the olefines have all the 
same percentage composition. The hydrocarbons 
in Gaqpasian petroleum, although isomerio with 
the olefines, appear to be hexidiydrides of the 
bomologues of ^nzene (Merkownikoff, B. 20, 
1850). ^ 

formation. — 1. By dehydration of the 
saturated fattyl^pionobydric alcohols 0 al^^, 0 . 
This may be done by means d HfSO,, Zn(jL or 
P,0,. In the case of the Mgher aloohou a 
mixture of hydrocarbons is, however, produced. 
2 . £7 the action of alcoholic EOH on the alkyl 
(’odides.—3. Byfiias^^ alkyfohlmrides over red- 
hot lime. in some oases mere distillation is 
suffioient to split up (he alkyl chlorides Into 
olefine and HCS.—4. A large number of olefines 
are produced in tbs manufaetursol iiluminatlng 
gaS from oil (jLinutrong, C. dti49i 74).'—6» Bjr 
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th« ekotsol^sls ol the allcalioe Baits of dibasio 
fatty acids. 

^ Rsaotic^.—1. The olefines combine readily 
yritii chlorine^ bromine, and iodine forming* oily 
compounds {e.g. Dutch liquid); hence their 
name.—2. They oombin# with SO,, and are 
thereifore absorbed by Nordhauscn sulphuric acid. 
Oono. H 3 SO 4 forms alkyl s^phuric acids.->^ 
8 . They combine wit#HCl, BUBr, and HI. Cono.*| 
HIAq, however, at 100°, soon reduces them to 
paraffins. Olefines of the formula OU^tOHR 
combine with HCi only on heating (I^ Bel, Bl. 
[2J 28, 460). Those of the formulte CH^tCRR' 
or CHB:GHB' combine with cold HQ (Le Bel; 
ef. Scborlemmor a. Thorpe, A. 217, 161).— 

, 4. Alkaline KMn 04 oxidises thetd to oxalic, 
acetic, formic, oarbonjio, and other acids (Ber* 
tbelot, C. R. 64,^5).—n.*Many olefyes may be 
oxidised by CrO, to aldihydos or ketones (Ber> 
thelot, C. R. 68 , 834).-B6. HGIO unites forming 
chlorhydrms of dihydrio alcohols or glycols. A 
very simple method of preparing hypochlorous 
acid for employment in the preparation of or> 
ganio chlorhy^rins consists in acidifying a solu¬ 
tion of bleaching powder with boric acid. The 
ibeoreticfd quantity of the unsaturated organic 
oompouna is then added, allowed to stand for 
some time in the dark, and the^sWorhydrin ex¬ 
tracted with ether (Lauch, B. 18, 2287 ).—7. The 
olefines are prone to polymerisation especially 
. in presence of ZnCl, or H 3 SO 4 . 

Acetylene series C.H,,.,. The h^drofcar-* 
bons O.Hjb-, may be divided into (a) acetylenes 
proper t R.C:CH ; ( 6 ) dialkyl • acetylenes; 

BClOR' ; (c) di • ethylenio hydrocarbons : 
RCH:CH.CH:OHB' ; and (d) isoallylenes : 
RR'C:0;CB"R'" {of. B 6 hal, A, Ch. [ 6 ] 16, 268). 

Formation.-^!. By boatingbromo-olefinos, or 
the dibromides of olefines with alcoholic potash. 
Thus they may readily be obtained from alde¬ 
hydes and ketones by successive treatment with 
PCI, and alcoholic potash.—2. By e^ctrolysis of 
the sodium salt of un^^turated dibasio acids.— 
8 . In the destructive distillation of organic 
bodifis, and ^ the incomplete combustion of 
coal-gas. • 

Reactions. —1. The hydrocarbons RC:CH 
form Ppa. in ammoniaoaf solutions of cuprous 


ing CHsCLOClsOH, wi& Bodium;. while nllyl 
iodide heated with PbO in exessB only gave 
propylene; and by heating ^th GuO. oe 
AgjCrat 126®-160'’, CO is formed, but no iso- 
allylei^. When ally! alcohol is dehydrated by 
P 3 O, no trace of isoadlylene is obtained, the pro¬ 
ducts being ethylene and propylene. Ethyl allyl 
oxide behaves in like manner, the decomposition 
proceeding #rith greater regularity {B4hal, A. Ch, 
[ 6 ] 16, 360). According to Gustavson (/. pr, [ 2 ] 
88 , 203), however, isoallylene can be obtained by 
the action of zinc-dust on di-bromo-propylene 
GHjBr.CBriC^ in presence0f alcohol. He de¬ 
scribes it as a gas which unites with bromine 
forming (IHjBr.^, and which, when treated with 
H,S 04 aiu water successively, yields acetone. 

Benzene series C^H.^.,. The hydrocarbons 
of this scries |ire named as follows:— 

Benzene C^H, 

Toluene C,H, or CjHyCH, 

• Xylene C,H„ or C 4 H 4 (CH,), 

Mesitylene and tf'-cumene CyH,, or G,H,(CH,),. 

Durene C,oH ,4 or C,H 3 (CH,) 4 . 
Propyl-benzene is called cumene, and propyl- 
toluene is called cymene, theother members being 
usuayy named as substitution derivatives of 
benzene. Their constitution is discussed under 
Benzrnb { g , V .). 

Occurrence.— In coal-tar, in Galician petro¬ 
leum, and as hydrides in Caucasian petroleum. 

Formation.—1. By distilling their oarboxylio 
! acids with lime.—2. By adding strips of sodium 
to an ethereal solution of a mixture of an aroma¬ 
tic bromide and an alkyl iodide for bromide) 
(Fittig’s reaction). This reacAon takes place the 
more readily the higher the ifioleoular weight of 
the alkyl iodide, and where there is already a 
side chain it succeeds best when this is in rae 
para- position (Krafft a. Goltig, B. 21, 8184).»- 
3. By adding AlCl, to a mixture of an aromatio 
hydrocarbon with an alkyl chloride, HOI being 
evolved (Friedel a. Crafts, A. Ch. [ 6 ] 1,469; 14, 
457 ; cf. Aluminium ohlobidk, vol. i. p. 147). 
Friedel a. Crafts cbnsider that this reaoUqib 

takes place in two stages : __ 

C 4 H, -t- AljCl, - (5,H,Ai,Cl,+HCI 
c[h^A 13C1,4 BCl 4- AI 3 CI, 

the latter reaction being*analogouB to 

ZnE t, + 2RCI - 2EtB + ZnOlt ‘ 


chloride and of silver nitrate. Those pps. are I ioAUtii 

d^mposed by HCI with liberation <« the by- | The^ have, 
dr£arbon.—2. They combine with either one 
or two molecules of bromine, HCI, HBr, HI, and 
HOOl.—8. By successive treatment with H,SO^ 


and water they can be hydrated; acetylene 
changing to aldehyde, and allyleno to Metone.— 
4. The hydrocarbons BCICH give pps. m an 
aqueous solution of HgC4» when the product is 
treated with acids itidehydio or ketonio pr^uots 
of hydration are liberated {KiJisoheroflf, AJu, 
13).—6. A saturated alcoholic solationof A|NO, 
gives crystalline pps. with acetylenic hydrocar¬ 
bons ; thus heptinene gives 
doflagiaies when Iteated (B6bal, A, Oh. W lot 
428).—6. KMn 04 and chromic acid attack we 
^hydrocarbons at the unsaturated point; . 

diallyl giTes GO, ind 8U<»inif 
ilToh, [6] 16,868) thinks that no hydrooarbpn 
of the isoailylwie has as yet been Uolated. 
Thua byheating OBLOl.OHtCHClin to bsMMe 
with K&nm h« faUei to 
VM anwlto to obtobi 0B.i^;0Hi by belt- 


the hypothetical intermediate body O^^Cl,, 
but they have equally failed to ^btain the oen* 
pounds AlCl,(O.HJ. and AlBr,(0jey, deaonbed 
by Gustavlon (/. It. 18*5,864), which they re¬ 
gard as mixtures. When MeCl acts on benzene 
(6 pts.) containing AlCl, (1 pt.) there ia formed 
s-durene. MeCl acting on toluene in presence 
of AlCl, forms o-, m-, itii p- xylene, i(i-onmene 
mesitylenns- “• pento-methyUwM 

ene, and hexa-methsi-benzene JtdM a. Klliet 
B. 12,32%: 0. Jacobsen, B. 14,^627). MeOl ant 
AlCl, converts the three xylenes into if-ojuj^e 
ro-xylene giving also mesitylene. The T!Hh« 
homologuesof benzene are more readilyThetnyl 
ated than the lower. Ethylene pMsed too^ 
a heated mixture of benzene and AlCl, am 
ethyl-, di-ethyl-, and tri-elhyl-b«Mene (Baladu 
Bl 121 81,639). Isomeito changes irftm am 
in toeso syntheses. Thus ^bntyl 
(800 g.) sating <m beniene (9M g.) and ^0 
(800 g.) at 9“ <«rt4ityl->an»m» j 
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736 mm.), whiola is also got from <wi-butyl 
chloride; while n>butyl chloride gives sec-butyl- 
bensene (174^ ftt 78f mm.) (Sobramm, U. 9^13). 
In like manner isoamyl chloride gives an amyl- 
bensenWlSS® at 787 mm.) which appears to be 
C«H,.OHMePr or G(E,.OMe^t. »-]^opyl brom¬ 
ide gives isopropyl derivatives, since PrBr is 
changed to FrBr in presence of AlGl, (Kekul4 a. 
Schrdtter, B. 12, 2280). Schramm supposes the 
alkyl chloride io be split up into HCl and olefine, 
the latter then acting like ethylene (n. 5Upra). 
By the action of AM, on boiling toluene there is 
formed benzene, emyl-benzcne, and the thfeo 
xylenes (Friedel a. Grafts, C. B. 101,1216). In I 
a similar manner m-xylene is converted byAIGl,' 
into benzene, tdluene, mesitylene, and tf'-oumene; 
while ethyl-benzene gives ^nzene am di-ethyl¬ 
benzene (Anschutz a. Immendorf^ B. 17,2816; 
18, 657). The transference of side ohains may 
be readily effected by passing HCl through ^e 
heated mixture of AIGI, with the hydrocarbon, 

0,H,Me,+HCl = C,H,Me, + McCl 

0,H,Me, + MeCl« C,H,Me^ + HCl 

(Jw;ob^, B. 18, 343).—4. When aromatic hy¬ 
drocarbons are heated with Mel or EtI and 
iodine in sealed tubes at high temperature, Me 
or Et can be introduced, although very many 
other products are formed at the same time. In 
this way benzene heated with Mel gives toluene, 
toluene (mtb Mel) gives xylenes, and hydrocar¬ 
bons C,H,^ Ci,H, 4 , and C,iH,,; while pseudo- 
cumene mixed wi^ mesitylene (with Etl) gives 
G,H,Me,Et (here £t turns ont Me) (Bayman a. 
Preis, A. 223,815).—6. By heating ketones with 
H-iSO,; thus acetone gives mesitylene. - 6. By 
heating benzene an^ its homologues with ZnOl, 
and (the higher) fatty alcohols, water being 
eliminated (Goldschmidt, B. 16, 1066).—7. By 
' eating diazo- compounds with alcohol.—8. By 
oiling hydrazines with CuSO, or FeCl,. 

Beactions.— 1. Fuming^nifnc add dissolves 
hem, and on adding wate|| nitro- derivatives are 
ipd.—2. Fuming oci^ dissolves them, 

orming sulphonio ^ids. By distilling the re- 
mlting sulphonio amds with superheated steam 
he hydrocarbons can *be recovered, and thus 
iepar4tg^.^onf fatty hydrocarbons, and even 
^om one another (Beilstein, Ar 18$, 34; Arm- 
i^ng a. Miller, C. /.45,148; Kelbe, B. 19,98). 

Salogens form pr<^acts by substitution. 
Heat and direct sun^ine both cause the halo¬ 
gen to enter the aide cftain instead of the benz¬ 
ene nucleus (Schramm, B. 19, 212; M. 8, 299). 
Fellow light has the maximum Effects. Accord¬ 
ing to B^ziszewski (A^ 318, 386) the halogens 
acting npon alkyl-beimenes go in the cold into 
the jn- position; as the heat ik raised they go 
into the o^'pontion, then <mto the CH, attached 
to the OfH^, and' at a still higher temperature 
int(fa>'..e next OH,, mid so on (e. GbiiObo- com- 

and Bboko- couvodmds).—4. Chromic 
add mixtnre oxidises all the side chains to 
carboxyl, while nitric acid {S.G^1*2) f^nently 
attacks only one side chain. the oxidation by * 
means of dilate HNO,of the di-alkylated benzenes 
ft has osoallv been ass&ied that the longest side 
chain is ox^pised first, becoming GO^. This is 
not always the oast, for m- and o-iso-batyl- 
tolnsaes ghft iiobo^-bensoio add% and ^ 


oxidation of all each hydrocarbons is greatly 
modified, by the introduction of halogens into the 
riz^, thus tetra-ohloro-m-isocymene can on^ be 
oxidfted with very great difiaoulty, and then is 
entirely broken up (Kelbe a. Pfeiffer, B. 19, 
1728). Propyl-isoprofiyi-benzene is oxidised to 
n-propyl-benzoio acid.—6. Ohromyl chloride 
forms addition eoompoi^s 0„K^.,(Cr0j01j)y 
'These compounds give off%Oi at 2(^*^, becoming 
C*S^-i(CrO,01),. If they contain methyl they 
are converted by water into aldehydes. In the 
case of ber.zene, water produces quinone (6tard, 
A. Ch. [5] 2F, 218; 0. B. 87,989).—6. By heat¬ 
ing with FJAqthe hydrocarbons can be 

made fo tal^ up 4, or 6 atoms of hydrogen. 
The "hydrides C„H,/_<H, occur in Caucasian 
petroleum (Beilstein a. Kprbatoff, B. 13, 1818) 
and may aJiso be obtamid by/jbe distillation of 
colophony (Benard, A. [6} 1,227). 

Homologues of Antlfiraeene C.Hjb.,s may be 
formed as follows: 1. From antnraiy>i8 by ab¬ 
straction of water (Liebermann a. Tobias, B. 14, 
795).—2. From halogenated hydrocarbons, by 
heating under pressure (Dorp, 4r 210).— 
3. Fronff halogenated methanes, aromatic hydro¬ 
carbons, and AlClj (Anschiitz a. Bomig, B. 18, 
i 664; Elba a. Wittich, B. 18, 348)!5-4. From 
homologues pf Miphenylmethane by abstraction 
of hydrogen (Weiler, B. 7, 1186; Fischer, B. 7, 
1195).—6. From homologues of o-tolyl-phenyl 
ketone by abslraction of water (Behr a. Dorp, B, 
*7, ri ; fclbs, J.jjr. [2J 33,188).—6. Phthalio an- 
h^ride, aromatic hydrocarbons, and AlGl, giv< 
homologues of o-benzoyl-benzoio aoid, whenc( 
by cone. H-^SO* homologues of anthraquinon( 
may be obtained. Thus toluyl-benzoio aoii 
[2:ljC,H,(CO,H)CO.O,H,(CH.)[l:4]fromiJhthali. 
anhydride and toluene gives (B. 2)-methyl-an 
thraquinone [176°], while m-xyloyl-o-benzoioaci 
gives a dlmethyl-antbraquinone [162°] (Elbe 
J.jpr. [2] 33, 318). 

Hydroesftbons of the tri-phenyl-methas 
series (Elbs, Jtpr. [2] 33, 181) may fc 

formed as follows: 1. From chloroform or chlorc 
picrin, benzene or homologues benzend, an- 
AlCl,.—2. From benzylidene obioride, benzene 
or homologues of benzene, and zinc-dust.—8. 
From secondary aromatic alcohols, afomatio 
fiydrocar|)ons, and P,Oa (best method).—4. • 

aromatic (6)-pinacolin8 and alkalis (Thdrner & 
Zinoke, B. 10, 1475; 11,66).—6. From benzyl¬ 
idene chloride (or its homologues) and Hg(CfH,)| 
(or its homologues).—6. From benzoic aldehy^, 
benzene qr its homologues, and ZnCl, at 260°. 

EYBBOOABBOSTTBUi v. o-AHzno-fi PHSKTL- 

XBOPIONZO ACID. 

2)I-HTl)B0.0ABB0X7i:.I0 ACID (so-called) 
l». Tbtiu-ozt-quznokx. • 

7Vi-hydro-eirbo]^Ue acid (so-called) p, 
HbXI-OXT'BXBZBNX. 

ETBBO-CiiaOTIKE V. Gabbotin. 

ETBEOOHEltIBORIO A£1B v. OasuDoma 
Acim • 

KTDBO-ffKXiOBAHXLlO ACID «. Di-ohlobo- 

TBlBA-OXT-BXKZXinB. 

KTSBOOraOB^O AOH) 9. Oeloxbtsbio 
iFI P, p. S. 

SiSBOOHIOBOOABTOIi.v. OuiTpt. oblobo- 
Btsami. 

. Etl)XOOELOBOOaCSOnnv.On( 00 )nBi 

BBtiOlffBTBBO^i. *■ 
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HTDSOOHlOEOOOHQTTntIHB e. OraoHOHi i 

BA8SB. 

HYDBOOIKOHOKZBINE ®. Oinobona BASES. 
HTBBOOlVOHOiriNE v. Oikohona bases %nd 

OXMOBONXBB. 

HTDBOOINHAMEKTZiACRYLIO ACID v. 
Phbnti<<pentenoio acid. 

HTDBOGINKAIflC ACID f, Pbenyl-peo-* 

PIONIO ACID. ♦ 

KTDBOCINHAMEDE is. 

Nj(OH.CH:OHPh),. [106<»]. White needles. 
Formed by the action of NH, on an al«)holio or 
ethereal solution of cinnamic aldehyde. It is 
very stable towards HCl at a high temi^rature. 

Salts.—B'HGlSaq: flat colourless tables: 

I [ 220 °]; sol. ^cohol and ohltroform, fnsol. water, 
ether, benzene, and , linoin. — B'aHjCyPtCl^, 
(Laurent, Rev, 5eienf. 119; Feme, B. 17, 
2110 ). 

HYDBOCOIXIDINE t>. Tki-methtl-fybidinb 

HYDRIDE. « 

HYDBOCONQDINIKE v. Cinchona bases. 
ETDBOGOBNICDLABIC ACID v. Cobnicu- 

LABIO ACID. A • 

HYDBOCOTABNINE v. Narootinb. • 
HYDBQpOTOIN v. Goto bake. 
EYDBOCOTONE v. Goto bark. 
KYDBO-p-COUMABIC ACID* y. j)-Oxv-/3- 
phenyl-pbopionic acid. 

HYDBOCOUMABILIC ACID t>. Coumabilio 


pressure) (Regnault, A. Ch. [ 8 ] 8 , 62). S. 
(0® to 20°) -0198; S. {alcohol atO°) ‘OCOQS'CBun* 
sen, OMomet. Methoden, 154)| 

Goznpressibility-coeffictent 1000-1500 atmos. 
•000408. 1500-2000 atmos. -000272, 2000-2500 
atmos. -000197,2500-3000 atmos. -000168 (Ama- 
gat, C. B. 107, 522). On the compressibility of 
H for temperatures from -188° to +100° and 
pressures frsm 1 to 70 atmos. v. Wroblewski {M, 
9, 1067; or ifatun, 89, 683). H.O.p. [H»,0] 
«68,360 at c. 18°, product liquid H,0; 
[H^O]«57,903 +1-6 f, elements and product 
gaSbous (Thomsen). Chief •nes in emission- 
spectrum Ha 65621, 4860-7, H-y 4339-8, 

HS 4101-2,(Ang3tr6ra, Spectre aolaire, Upsala, 
1868). • . • 

The redignition of H as an individual gas 
was made by^Cavendisb in 1766. The name 
hydrogen was given by Lavoisier. 

Occunence,~lTi small quantities in the gases 
froAi volcanoes and fumaroles (Bunsen, P. 83, 
167). In the gases issuing from the salt beds at 
Stassfurt (Beichardt, Ar. Ph. [2] 103, 847; 
Prcelit, B. 13,2326); and at Wieliczka (H. Bose, 
P. 48,353). Also condensed in certain meteorites 
(Grahj,m, Pr. 15, 602; Mallet, Pr. 20,366). In 
the intestines of several animals, produced by 
decomposition of organic material (Tappeinor, 
B. 14, 2376).* Occurs also in the sun and many 
Compounds of H occur in large 


fixed stars. 

quantities; the chief compound is water; His 
HYDEOCOUMABIN v. Anhydride dt Olt-fa constituent of almost all organic matter; com- 

' pounds of H with Cl, 8 , and N also occur in 
fairly large quantities, 

Fonnation. —1. By electrolfsis of acidulated 


phknyl-pbopionio acid. 

HYDBOCBOCONIC ACID v. Hydride of Cro 


OOKIO ACID. 

HYDBOCUMINOiN v. Cumtnoin. 

HYDBO.il'-CBMOQBINONE CJIMo,{OH)j 
[1:2:6:3:6]. [169°]. Formed by reducing 

oumoquinone (Nolting a. Baumann, B. 18, 
1162). Needles (from water); si. sol. cold, v, 
sol. hot, water. 

HYDBOOYANALDINE v. vol. i. f 104. 

HYDBOCYAHIC ACiD v. Cyanuydrig acid, 
p. 800. 

HYDBOFEMICYAIIIDES v. Ferrictanides, 
p. 337. • * 

HY^BOFEBBOOYANIDEB v. Ff.rbootanideb, 

^HTOBO-FEBDIIC ACID v. Methyl d^vative^ 

of Ul-OXT-PHENYL-PBOPIONIO ACID. 

aYDBOPlTTOBOEIC ACID V. Bobofldobhy- 
DUO Aon), vol. i. p. 626. 

B7DB0FLD0BIC ACID v. FiiDOBhvdbio acid, 

p. 568, . 

BCCTBOPlDOSmOATBS v. Fldosiuoates, 
nndBr SnmAras. „ • 

ETDBOQAIiLEIN v. Oableih. 

ETDBaSABDBKlC ACID e. Gabdisnin. 

HTDBOOBir H. At. w. 1. Sol. w. 2. %0. 
(sir-l) -06926 (Kegnaalt, at0°and760lira. M 
aaa-levol latitude of Paris). Batjl of S.G. of H 
to that o( 0 »I6-88t^(Bayleigh. N. 87,418; 89, 
462). 8.G. at 8 ,0«) atmos. (water = 1) ~ ;D887 

(Aiiagat, 0. B. 107, 622). S.G. liquid at 
0‘>-^26, at-28° "-032 (OaiUetet a. HaiAe- 
feuille, 0. S. 92,1089). B.H, 2-4*1 referred to 
equal weight of water; -99 referred to equqj 
volume of air; ratio of S-BL's aj oonstMt pira- 
iu» and constant 

JCMhon. Wdrmelheorie, 1,62). O.B. (0 to 100 ) 

^0088878 (qoBirtai+tolume); -OOSOjlB (constant 


water.—2. By the reaction of many metals with 
HjO -, K, Na, and other alkali metals decompose 
cold H,0 rapidly, forming bydroiides and H; 
Zn, Fe, Mg, Al, and many other metals deconC 
pose steam, forming oxides and H.— 8 . By pass¬ 
ing steam over hot C, CO, is also formed.—4. By 
heating CaO,H,„ BaO,H„ NaOH, or KOH, with 
C; C + Ca04 2H,0-=Ca00, + 2n,.— 6 . By the 
reactions of many m^als with dilute solution*, 
of acids, especially or HCl and H,SO,; HNO, 
cannot bo used, as oxides of N are produced. 
6 . By heating KOHAq with*Zn and Fe, or with 
Al, or Mg, or certain otlfer metals.-7. By de¬ 
composing NH, sails (not NH 4 NO,) uidolution 
by Zn; the action proceeds at 0 . R^^oqin, 
C. B. 60, 746).—8. By heating alkali formates 
(ff oxalates with KOH. . , . T 

Preparation.—1. Puree granulated smo “ 
placed in a capacious dask, and a coW mixture of 
about 1 vol.pursHjSO, with c. 8 vols. H,0 is added. 
Addition of a Utile pure CuSO.Aq prevents evo¬ 
lution of H,S (by forming CuS) which iray be 
produced even with pur® Bold and Zn (Lowe, 
Z). P. J. 2Ji, 199). The oonte^ of the Jask 
must remain quite coW during ffie mocese; if 
temperatur* rises, traces of H,a and HO, begin 
to be evolved. The gas ia passed throuj^l) 
cone. KMnO.Aq to remove traces of AsH^bH,, 
and PH, (Sohobig, X pr. M 14, 289); Wa U 

tube containing^umice soaked to ^ 0 ,A^r 
tHgCLAq to remove the la^ traces of H,B,A4B,t 
& 0 ., the pumice should be first moistened with 
H.SO, and strongly heatdS in a omoiblc, to j*, 
^ve chlorides; (3) a U tube contains ganiqe 
or glass beads moistened with oono. ^HAq.|a 
remove any acid timt may hai)b been 
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from the generating flask; (4) a series of 
tobet oontaining (a) dry OaGI, in small lamps, 
(6) dehydrated, white GaSOi, (c) a oonsiderable 
length of P|Ov Uie H is not required to be 
^ the last series of tabes will be omitted. If 
the H is to be osed for redacing metal^ oxides, 
dw., Winkler reooameiids to pass it through a 
red'hot tube packed with iron«xnre gtmze rolled 
together {B. 22, 896 note].—2. Fore EOHAq is„ 
heated with, pieces of Al; the g&s is passed 
through the same purifying tabes as 1, omitting 
the EOH tube.'-^. By heating a mixture of 
HGO^ and EfiEt. or 0,0,E, and KOH: 
2H00,K+2K0H - 2K,C0, + 2H,:C,0,K, + 2K0H 
-2K,00,+H,(c/. Pictet, A.CK [6] 18,216).— 
4. By elootrdysing 10 p.o. paTe^^804Aq, the 
positite eleoAode being immerse'd.in a mass of 
liquid Zn-amalgam (v. Analysis, i. p. 240). 

Properties.—A colourless, Useless, odourless, 
gas: liquefied under great pressure and at a very 
low temperature. Olzewski (C. B. 98, 913»; 99, 
183) liquefied H by surrounding the gas with N 
boiling in vacuot the temperature of the N was 
—218^; the liquid H appeared as colourless 
drops on the sides of the tube. According to 
Olzewski the critical temperature of H is lower 
than —198®; Sarrau gives -174*2® as'vhecri* 
tio^ temperature (C. B. 94, 689; 718, 845). 
Wroblew^i (If. 9,1067) gives critical tempera¬ 
ture —240®; critical pressure 18*5 atmospheres; 
and critioal volume *00385. If these results are 
confirmed, they show that Pictet’s statement, 
that H is liquefied at —149® is erroneous. 
Pictet (0. B. 86, 106) subjected H at o. —140® 
to a pressure ol 860 atmospheres; on opening 
the stopcock ax opaque steel-blue jet issued; 
Pictet describes the fall of this jet on the floor 
ai producing a sound like the rattling of shot, 
la^etet obtained^iiquid H by suddenly reducing 
lie pressure on the gas at 800 atmospheres 
[A, Oh. [5] 16,132). 

H is the lightest known substance; 1 litre at 
0® and 760 mm. at the latitude of 45® weighs 
'08962289 gram (mean of results of Begnault 
[AmA. 21,158] and JoUy [W. 6,620]). H is about 
141 times lighter thtfa an equal volume of air, 
11,160 tinms lighter than water, 151,700 times 
lifter than Hg, and4236,000 times lighter than 
Pt. Hris <H ily;v. si. sol. water. It difluses rapidly 
throc^ftr^orous membranes, such as porcelain* 
eft paper; also through sev^ml metate at red 
^aat (Orahaxm Pr. 16, 223 ; 16, 429; 17, 212, 
600(. ^ 

XATge volumes^ H »re abstibed by Pd 
and several other metals, especially when the 
metal is made the negative elqptrode in the elee- 
trdysis of Qraham {Pr. 16, 502; 16,422) 
found that rdfoil«whioh had been heated in 
vacuo oetfluded 876.toIs. H a^ the ordinary tern- 
petatoiaptetO vols. at 90®~97®, anQ 526 vols. at 
246'*. k Pd yfixa used Is the negative electrode 
in elactroljmi^ water occluded 93^ols. H, and 
idSrSased in length from 609*14 mm. to 618*91 
nimg . From Bu^ data Graham calculated the 
8*G» of tils occluded H to be *788; later deter- 
winattans by Pewar gave *62 fP. M. [4} 47, 82^. 
V. infra ETSBoosiitaic. According to Troost a. 
Baoteteoflle (C. B.SB, 968) Pd and H form a 
4«tinite command PdlH; they think that this 
nompoqn d is fonned wnen H is oooloded by Pd, 


absorb more H. T. a. H. heated the Pd which 
had occluded H in a closed space in connexion 
with a'manometer, aportiem of H was evolved 
without estabUti^ent of any definite relation 
be^een the pressure and temperature, but when 
the H remaining w^ in the ratio H:2Pd, a defi¬ 
nite relation was enablished between pressure 
and temperature, so that for each temperature 
there was a certain prq|8are whereat evolution 
of H ceased, and this pressure was independent 
of the relative masses of H and Pd. According 
to Pavre (C. B. 77,649; 78,1257) for each gram 
of H ocSluded by Pd, about 9,000 gram-units of 
heat are produced. T. a. H. found that K and 
Na ^o'Ocolude H,1 vol. of K oooluded 126 vols. 
Hat 0 . 300®, tfle Jormula KjH requires 124*6 
vols. H. Na also seems to form a compounds 
NagH. Id at 600® ^d* 760 mm. occluded 17 
times itr volume of^; Tl only 8 times its 
volume. (For the df^oiation-piessures of the 
compounds Pd,H,KgH, andNagHe. Dissocution, 
p. 898; for more details as to the properties of 
these bodies v. Fallasiuu, Potasstuu, Sodium.) 
Thoma has carefully investigated the absorp¬ 
tion H by metals (E. P. C. 8; 69). He finds 
that rd, made the negative electrode during 
electrolysis of water, takes up and retains a defi¬ 
nite quantity ,pf H; but that after this satura- 
tion-point u reached the Pd continues to absorb 
j H, which, however, it readily gives up again; the 
total quantity of H absorbed depend on the 
strength of the current; when no more is taken 
pp, it is very probable that H continues to be 
absorbed, but that as much Is evolved as is ab¬ 
sorbed in a given time; the increase in the 
volume of the Pd, for a given quantity of H 
absorbed, is greater when the saturatiop-point.is 
passed than before it is reached, hence the rela¬ 
tive density of what may be called the oooluded 
H in excess is less than that of the H absorbed 
up to the saturation-point. Thoma has shown 
that Fe, like Pd, may be supersaturated with H, 
provided the H is produced in contact wi^ the 
Fe. Plates or wires d! Ni, and also Al, ppd. On, 
On wire, Pt black, Pt wire, and Ag wire„ absorb 
H shpwing phenomena simil^v to Fe (Thoma, 
{.e.; Baoult, 0. B. 1869.826; ^Uati ,a. liussana, 
Atti del B. imUtuk vmeto ^ SciennMtere ed 

arth 6,6 [ 1888 }). 

H ir a reducer; it removes 0 and most othdl 
negative elements from their compounds^, Oc¬ 
cluded H is a very active reducing agent: 
KNO,A^ is reduced to ENO^q (Bdtteer, B. 6, 
1396); ferrio salts are reduoea to ferrous, 
EjFeC^q is reduced to K^FeCygAq (Graham, 
Pr. 17, 500); E010,Aq is reduced to ECUq; 
HgCOgAq gives HgS, Aj,0,Aq is reduced to As 
(Gladstone a. Xri^, 0. Trans. 1876.806; o/. 
Berliner, W. 791; also Cooke, 0. N. 58,108). 

^ The atomic wei|^t of H is taken as onity; 
the relation j^tween the atomic weights of E and 
0 is very u^ortant as so many atomic weights 
are determined in terms o^that of 0. Vanous 
experiments have recently been made to deter¬ 
mine the ratio of the deities of H and 0 
mreoily; if this is known, and the ratio of the 
combini^ 4ei(^ts of tnese elements is also 
'known, the ratio of the atomio weights of H and 
0 wiU be direoti^ determined. Tim most a6on- 
rate determinations (itiiioh cannot, howavsr, 1 m 


iill tite eompoondStiteD emitiniies to oeolnM or [ regarded as fi&lti) the |p^o S.G» of 
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O-UlS-aai (v. Rayleigh, N. 39,462). The 
Atom of H IB the standard monovalent atom in 
iemu of whi^ the valenolea of the othdr atoms 
are eta^. The S.G. of gases is also generally 
stated in terms of H. 

H is a combustible ^; it may be burnt in 
0,01,1, S vapour, <fec.; 0 is caused to flow 
from a narrow oriflce into a quantity of H which 
has been ignited at opening of the contain*, 
ing vessel, combination occurs at the edged of* 
the moving stream, and hence the 0 appei^ to 
bam, and the H to act as the supporter of com¬ 
bustion. The flame of H is almqpt hon-lumi- 
nous; the temperature is very high. 

Sydrogenium, This name wa? given by 
Graham to hydrogen when it occluded ly Pd 
(Pr. 17, 212, 600). The experiments of Graham, 
Dewar, Troost a. Hauteiesilie, and Thoma, have 
idiown that wheif H is^^cluded by W it is very 
much condensed (for r^rences v. supra). Gra¬ 
ham looked on H as a metal, and Pd chjtrged 
with H Hb regarded as an alloy, hence to H 
alloyed with Pd he gave the name hydrogenium 
(names of metals generally end in um). There 
seems little d^bt that a certain ^eflnim quan¬ 
tity of H is held by Pd in firmer union than the 
rest of tlft H which it is able to occlude (ia 
Thoma, supra). «, 

Reactions, —1. H is burnt to BtO by mixing 
with ^ its volume of oxygen^ and applying a light 
or passing an electric spark; the process is ex- 




and 0 which combine cannot yet be regarded^ 
settled; according to the experiments of Scott 
{T. 184, 543) the most probable value is 0:H 
— 2*002:1 (c/. Watub, vol. iv.). —2. ll reduces 
many rpetallic oxides, sulphides, and chloi idcs : 
e,g. CuO and FooO^ heated in H are reduced to Gu 
and Fe respectively; is reduced to Sb; 


Fe filings and dilute acid are brought into eopi- 
toot with C,H.NO, aDiliuB (C,H,NBy is iom«l 
It is customary to speak of such reactionB as these 
as bmught about by Tiascerit hydrogen. That 
the reaction of EClOr^^q, for instance, is 
not to w wholly traced to the H produced in 
contact %ith it is proved by the fact that NA- 
amalgamrtioes not reduce this salt, although H 
is plenwfully produced when Na-wnalgam is 
placed in tSe solution (Tommasi„P. B. 2, 205). 
Nascent H is generally regarded as synonymous 
with atomic H, and it is contrasted with ordi- 
n^y or molecular H. It is mpbable that H con¬ 
sists for the most part of atoms at the moment 
of its production from a compound, and that 
these thefi combine to form moieoules. As 
energy mu^ be degraded in the Ailing together 
of the atoms into molecules we should expect 
atoms of H to be capable of bringing about 
chemical changes that could not be accomplished 
bysuolecules of H. But the facts cited with re¬ 
gard to the reduction of EGIO,, and there are 
many similar facts, show that—granting that H 
is produced in atoms when Zn and H,S 04 Aq, or 
Na-amalgam and water, react—the whole of the 
chemical change must bo looked to, and atten¬ 
tion must not be concentrated only on the 
H. If wo start with the system Zn, H,S 04 Aq, 
KClOjAq, we may pass to the system ZnS 04 Aq, 
Hj, KClOsAcf, or to the system ZnS 04 Aq, KClAq, 
HG, or to a system which consists of all these 


plosive. The exact ratio of the volumes d H J products; more energy is probably degraded in 


passing to the third system than to any of the 
others; this system is produced. But tnis view 
docs not binder us from sayingitbat when the Zn 
and HjSOjAq form ZnS 04 Aq tfid hydrogen, it ic 
atoms of H that are formed, and that some ol 
these combine to form molecules, and others re¬ 
act with the EClOj to formeEGl and HgO. ^ 


FeCif is reduced to Fe. PdO is reduced at the ' the case of Na-amalgam and EG10j,Aq it is pro¬ 
ordinary temperature (Wohler, A. 174, 60). Be- : bable that much more energy is degraded in 
yarding the temperatures at which various ox- ' passing to the systen^NaOH, Hg^EClOg, 


des, sulphides, and chlorides are reduced by H ; 
». Millier {Z. [2] 6, 5(n ; also Wright a. LuS, ! 
0, Trans. 1878.1). H also reduces many me- 
\alUc salts involution; e.g. warm solu|ion8 of 
^hiorideB.of Ft, Pd, Ir, or Bh, are reduced with 
ppn. ol the metals; somet salts in solution are 
reduced only under considerable pressure, e.g.^ 
Elg04Aq is reduced at 100 atmos. The reduc- 
tioa of AgNOjAq by H proceeds very slowly at 
ordinary temperature (v. Bussell, C.J. [2] 12, 3). 
As already stated {supra) Pd or Pt charged with 
H is a very energetic reducing agent. (Begard- 
isg the reaction of H and 0 in presanoe of GO 
a. Oabbon, voL i. p* 690.) 

Combvnaiions. —l.Hcombinesindirectly with 
copper to form GuJ[, (v. OcPFEn bydbiob) ; it 
prooably also combines with pt^ladium, potas- 
siunSf and sodium (v. supra ).—2. H oomlfines 
wi^ all the non'metals ; direotla with 0, N, O, 
8, Se, Te, ?F, 01. Br, I; indireoly with P, As, 
Sb, Si, ?B (o. the iprlous elements). 

Nascent hydrogen.— r^uotions not 
brought about by H are efieoted when aohezx^oar 
change in which H f ^ 
nresance of the body 


__ _ ^ be redhoe^, e.g. ECfiOtAq 

Is not reduced by passing H througn the solft- 
tlon, but if Zn and dilute H;,SO«Aq are placed in 
‘w lolnrion KOI is formed; so 0^,NO, is not 
idnosd ^ H uii|er ordinary conditions, bat u 
Voa. u. 


than to the system NaOH, Hg, EGl, HjO. Pro¬ 
bably also in the case of Zn and H,S 04 Aq the 
energy produced suflitvs to decompose some 
the KCiO„ and so EG> and H^O are foroied; 
whereas the energy product in the reaction of 
Na-amalgam with HG not (by hypothesis) 
sufficient to decomfiose any EC1^|. • 

Chemical relations of hydrogenmaB^ntAnds 
apart from the dther elements. In its relations 
to 0, Gl, S, and other negative elements, it plus 
the part of a metal; in its relations to the 
paraffins Qt,H,„ 4.3 and parlffin alooholio radicles 
it exhibits properties not at all oharoo- 
terisVio of metals. H is a constituent of all acids, 
and also of aU alkalis. Some of the binary com¬ 
pounds of H are powerful qoids, some are alkalis, 
some are neatr%l bodies. In the periodic ar- 
rangement^f the elements H ^ 

only member of serAs 1. The mflerenoe be¬ 
tween the* atomic weights of \wo consecutive 
members of the same group, in odd an^ven 
series, is about 22; the difference betwaen the 
atomic weight of H and that of Li, which follows 


is carried o3 in Ih in Group I, ^ 6. 

.A ... .-r M / 


Befenneea to older worka M hyihvgtier— 
SoheslB, Crell Ann. 178^ ii. 229i 291 i OswH- 
dish, Crell Ann. 1785. i. 824; Wrtt, OfM 
Arm. 1788. i. 23, 86; Meuanisr IiftTOWW, 
OrM Ann. 1788. i. 854, 441, 628 ; 

■•'A 
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HYDBOGEtJ. 


IS, 886; Dumw, 0. B. U, 


, Described un^ Ah- 
Desorihed an^er'AB- 


Dulongf A. Ck. 

Hydrogen entlj&onide 
xnfOKT, Tcd. i. p. 388. 

Hydrogen artenldM. 

“^ydrognTtarid* e. Bobos otdeim. vol. i. 

HydrogMi teornld* •. BmannDiao loro. 

OBrtddM *. Htdbooabbobb, this 

«U^» »• Ohlobhtowc Aoro.ihis 

isorids V. FiOOBHTDB^p^ AOD), thiS 

”'‘:^toge»‘iodid« V. loDBBDBio inTol.iiu 
^drogsn nitiido v. Amsob^ vol. i. p. 19«. 

M Imowl H.,0 and H,Or The fonnor has 
^ gasified, and its 
repiesentod bj the fonnoU H,0; 
demmnosed by heat, the gaseous molecule 11*0, 
cannot exist, thereloie the formula ^0, repre- 

gents the composition of the chemically rioting 
Xmio aggte^ of this compound. ® 

stable (^pound; in its chemical 
a nentral oade; its typical reaction with a metal 
is to produce an oxide and 
tion with a non-metal is to produce a hj®™® 
and 0. Hydrogen peroxide readily parts with 
of its 0, and therefore acts generally as an 

oxidiser. Water combines with many com^unds 

and with some elements to form hydrates, with 
^er oomponndB and elements it reacts to fomi 
hvdroxideMo. &TDBiTES and HrnBOXmBS, pp. 
7M 733); hydrogen peroxide directly combines 
with but few otheijibodies. 

• Hvdboois kosoxtok or Watbb, v. Wateb, in 

’“'■htubooxx nioxiDB H,0,.. (SydrogO’^Pf^f^- 
Oxmmated water. Sometimes also ca,lled tiy- 
iroxyl, bat this term is now almost universally 
& for the vadicle OH.) 
sas first prepared by ’Atoard m 1818 (Th6. 

card’s chief memoirs ire '““tsmrf m li. Ch. 8, 
306: 9,61,91,31«? Ill; 10, 111, 33u i lit 8ot 
206 ; 60,80.) 1^0, Eas not been obtained qmte 

rain-water ,ynd 

Z 121 6,274: Housean, C. B. 70, 619, c/. At- 
CoMBBEB, vol. i. p. 333). Aeording to Clerraopt 
in B SO 1591) HtPt occurs in &e juices of 
Ss^ pl’anSiinlSrJnd lettuces I'Whrster (B. 
19 3196 ) asserts the occurrence of many 

and vegetable secretiras; but Bokorny 
(B. 21,1100) points out that his test was moon- 

1. By decomposing various per- 

oxi^TbpShlt. icii..<».g. Ta by H,BO.Aq. 
HOlAq, Wpluh or H,SiF,Aii, or M,, '’71“^™ 
acM^. Thtord, 1.e.; Duprey,/. pp M, 110, 
J or. 77. 268; Osann, 0. 0.1862. 
OT^^oifmam, A. 136, 188).-2. By shaWng 
toorFe powder with wat« 

^htobbiT/. pr. 106, 219; Hoppa-^yler, ff 
9 26" 10 86 ).— 8.Bytheaotionof hydrog^^ 
Pd ok wite fa prince of 0 (Trattbe, B. 16. 
MM, 2161; 16, 


says that 70 p.o. acid ie Uw beet concenuawou w 
use? Much work has been dme ra the w®™ ^ 
H.O, w the electrolysis of H,S0jAq. Bichan 
a»aid IF. 21. 183 )'rcgards the H.O, as a prm 
tot of the reaction ot H,S.O. (f«med ly elM^ 
lysis) and HP; when 68 P-®- HiSO.Aq^^ 
tie ^ount ot H,0, increases, and then beromM 
constant, but t)je H,SA goes on moreasin^a 
stopping the current H,«, increases faf » 
and H S 0, notably decreases. In a solution 
“nt^ng H ,SO. and HAO, the latter slowly 
disanpears, and HjOj is produced. Tmube holM 
that*So H,0., is directly produced by the reaction 

H (U. and B. 19. 1111; M, 3315). The HP. 
is dways formed ^ Ihe negaUve 

6. According to Berthelot (C. B. 86. 71) HPi “ 
formed by shaking cftdhe with ethe^ and then 

adding wW-6. 1 ^ 4.20 

dilute NH.Aq by ozorilsed O 
= NH.NO.Aq + H,OJ (Carins, B. 2, 1181). 

7. By planing a solution of pyrogalld “°6er a 
bell (Struve, IF. A. B. 6B [2nd P*^), 132)-- 
8 By bum’ng H in air (Struvf. J. 1870. 199, 
2b9).?-<8. By shaking various essential “'® ““j’ 

UMT»iirJ P! !•: J’s; 

manyprocles of ”|'2t7r 

(i). SohSnbein, J.pr. 89,11, 98,287). 

' Preparatim.-Bj decomposingBaO.by dilute 
iids.-^. Thtnard prepared BaO. by heating 

11 lyam vailnpca ID ft StfSBiIQ 


a(ild8.—1. menaru pioi/insvi* 

BaO in small pieces to low redness m s stream 
d 0 free from CO,; the BaO was o^tam®* by 
strongly heating Ba(NO.),; the " ™ 

maintained tor fifteen minutes after 0 had ap 
parently ceased to be absorbed, gor ^*od ®f 
orenaring pure BaO. v. vol. i. p. 113.) The Bau, 
was*^allowed to cool fa 0, and then placed m a 
rtoppered bottle. 200 gr^s H.p w®re then 
mS with sufficient HCl to neutralise about 
16 grams IgaOjK,; this dilute HClAq was placed 
in a Pt vessel surrouniled by ice, and 12 grms 
BaO., slightly moistened 

in on agate mortar, were added, tto M was 
1 then jpd. by H.SO,Aq; 12 g*&ia BaO, were 

! again idded; and the Ba 7“ 'I? b'q' 

i the liquid was fllteied, and 
' in two portions, with ppn. by 
repcateaT These pro«6ses were rei«ated nnti, 
almut 100 grams BaO, had been used. diO, 
A10, Fe,0„ &c., were removed by adding cone 
HBO' Aq and excess of BaO,. After rapid ftltra 
tim traces of HCl were separated by oautiotti 
additio^of powdered Ag,SO, to *be “ 9 “^ 
rounded by ice. After »®o‘ber «p®d 
H,80,Aq was removed by additioii wttor o 
BaOH, suspended fa water, or of rod- BaCO.. 

2Tpolouze'‘(i!. Bertehut LehrbMh, 1, ill 
de'eomposed BaO, by A8iF,M,‘J® Mfimd bein 

kent cold, anfj filtered from BaSp,. 

Thkmwn IB. 7, 7^1tooli^ 
derrf BaO, fa falute HMq untU the »oid » 

Sy neutralised; »«®'’TnrJt 
oeoled. and BaOAq is added sufficient to ppt. 
8iO ALOu ipd gfaer oxides, and to p^uco a 
flfaht pp of B*“8HP; the liofad ie again 

&e/Ld_mixed srifa 00 ^. »by 


UHAb 9t so itOr 


. il. 9 X 2 ) I 



HYDROGEN. 
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^ding it to cold dilute (fioi more cone. 

;han I part by weight to 5 parft H^O) 

vith oonetant etirring, until the acid is nearly 
seutraiised; after seti^g and filtering, he ppts. 
(he remaining acid by oautipOB addition ol ^ute 
BaOAq. 

4. idann {CJumiker ZeUungt 12,857) reoom-, 
OEtenda to add a ^ to commercial 

and then, while stirring vigorously, to add 
BaOjH. until exactly neutral to litmus; then to 
poor the .clear liquid into cold cone. BaOAq, 
to wash the ppd. BaO,.8HjO, and tt^deoompose 
it by dropping into cold dilute HjS 04 Aq contain* 
ing 12 p. 0 . H^SOi, removing ai^ exceed oi^aoid 
by dilute BaOAq (o. also Sc^^dne, A. 192,25'i). 

The solution of H^O, obtained by one or 
other of these methods‘£i eoncentrated in vacuo \ 
over with d^itatii^ from tim^to time ; 

if SiOj separates it muarbe removed, else it 
will decompose some of the H^Og. The liquid 
begins to gne off O when it is so cone, that one 
volome of it will yield about 250 vols. 0, a drop 
or two of HgS 04 is then added, and evaporation 
is continued. I?early pure is thus ob^ined. 

1 vol. will give 475 vols. 0. it is kept in stop¬ 
pered glass'Xubes surrounded by ice (Th^nard). 
Hanriott {0. B. 100, 172) concentrates Hp^Aq 
by distillation under reduced pressiAe; a solu¬ 
tion, 1 vol. of which will pve 267 vols. 0, can 
thus be obtained. A solution so cone, that 1 vol. 
yields o. 70 vols. 0 is obtained by freezing^diluie 
^OgAq, crystals of pure HgO separate (Hanriot^ 
C. R. 100, 67). ^ ^ 

Properties.—The most eono. solution of HgO, 
obtained as described under Preparation is a 
syrupy liquid S.Q.« 1*453; it does not freeze at 
—80®; in vacuo it volatilises unchanged (Th6- 
nard). Has a harsh bitter taste; corrodes the 
cuticle. Thomsen gives the thermal data: 
[HSO»,Aq3 « 45,800; [ff0,0,Aq] - - 23,060; 
rH-O’Aq.H*]-91,420 {Th.% 69); Berthelotgives 
rH*0*-H-0 + 0}-21,48qjA.CA.[6]6,•209). Ac- 
oo^hng to BjAnriott {BL 43,468) cone. Aq 

has antacid reaction towards turmeric, and an 
odour resemblisg that of nitric acid. H*0»Aq 
slowly deoopiposes; if very dilute it may be kept 
indeflniUly (Berthelot. C. iA 90, 897); very di- 
lute solutions may even be boiled without change 
rainriott, C. B. 100, 57). Traces of imp unties 
grsa^ modify the stability of HgOiAq; Mids 
increase, alkalis decrease, the stability. Very 
eono. HjO^q rapidly ovolvea 0 at 20°; boated 
aniokly to 100° 0 ia ovolrod with explosion; 1 
xoL rf the most eono. solution obtafcied by 
Thdnard gave 476 yols. 0 at 0° and 760 mm. 
It ia onatomary to state the eono. of oonmet*ial 
1 aa so many yqlnmea. «.p. ‘ 20 ™himes; 

' tlua means that 20 volumes 0 »to obtainaMs 
from J vol. of the aolution. H,0, le aolubleto 
all proportionB in water, also in alaohol ; but it 
ilowW raaota with tha aloohol; fl. aoh ^er. 

' On ihaking this solntb'h with water the ^0, all 

goat Into aolution in tte watar (BohOnb^ /. |r. 


?8, 92). An acidified solution of ^0, ^ 
eompoaed to H and.0 by 
eolwngto SohOne (il.*l97, IW, ra H,0, I 
nrtmdergo aleotrdyaii, but fa deoommarf byi 
rteotiag^ iho prodnoto rf |^‘^7*** 
filnta toidi Bteaent, 


Reoefions.—HgO, contains a larger per- 
centre of 0 (94*1 p.o.) tha^ any other com 
poundFI it reauUy parts with ^ ^ its 0, and 
theisfore reaots as an ozidiser; in some oases, 
howeveif it acts as a rednoer, $.g. Agp is r»* 
duoed to Ag and PbOg to PbO (v. infra). 

1. Aluminvumf iron, magnesiumf and tkaU 
Mwn are oudised to the hydratas FeO^Hg, 
AlOgH,, MgOgHg aud T10,H„ according to 
Weltzien (4.188, 129}.—2. Most metaU except 
An and tne Pt metals are changed to oxides. 
8. Several non-metals are osJlHsed, generally to 
their highest oxides, e.p. Se and As.—4. Very 
many oxidM and oxyacids are converted into 
more oxidlAd. compounds, s.g. to ASgOg, 
HgPO, to H^ 04 . CaO, SrO, and BaO to the di¬ 
oxides MOg, ferrous to ferric compounds, FbS to 
PbSO*. TlgO i9 TlgO, (V. Sch6ne, A. 196, 98), 
K 4 FeCy 4 to K,PeOy, (Weltzien, 4. 188, 129). 
Sev^al metallic salts yield peroxides when 
treated with HgOg in presence of ammonia, s.g. 
salts of Bi, Ce, Co, Ni.—6. Sulphuretted hydro¬ 
gen very slowly forms HgO and 8 (Fairley, C. J- 
[2] 16, 28).—6. Hydrogen iodide forms H,0 and 
I.—7. A solution of chromic hydrate in j^tash 
is oxidised by HgOg to KgCrOg (c/. Beact'ion 11 
itt/ra).—8. Ammonia in solution is oxidised tc 
NH 4 N 03 [ 4 NHAq -i- 6HgO, = 2NH4NO,Aq + 8H,0] 
(Weith a. Weber, B. 7, 1746).—9. According to 
Fairley (0. J. f2J 16,125) the unstable compoond 
^EgOj.BHgO is formed by adding alcohol to a 
mixture of equivalent weights ol HgOgand catMtto 
£cda(v.also8chone,4.192,241). Caust^potash 
reacts somewhat differently, giving a mixture ol 
K ,04 with KOH.xHgO (Schdne, „ 

10. HgO, reduces ozone^ forming H-0 and 
oxygen. Brodie (T. 1860. 7691 showed that ^ of 
the 0 comes from the ozone and ^ from the* 
HgO,; this result was confirmed by Schbne (4. 
196, 239); SohSne used neutral solutions of 
HgOg, Brodie used alkaline solutions.—11. Seve¬ 
ral metallic peroxides are reduced by HP, m 
presono. of acid. Foifinstanoe CrO* in 
solution gives a blue*colour, but tma. a(»n 
goes, and green Or^SO,*iB produced (c/. R.^ 
action 7 supra); Berthelot*thinks that per- 
chromic acid HCrO, ia formed and then tedn^ 
by the excess of H,0,j Moissan reg ards the b in, 
•tody as Cr0,.H,0. (». CtO, under OUSBIRm, a. 

1166); MnO, in presence of an acid forma - 4^* 
of MnO and evolves 0 j for every MnO, um, Oj 
iabvolved icf. Beaction 19 Mra). Br^e ahowed 
that in suoll cases ^ of tge 0 evolved oomea 
from the HjO, and ^ from the met^o P«o«« 
(0. /. 4,194; 7,894; ef. AsohofI, J. pr. 81, 
According to Lensaen (/. pr. 81, 978) ^0, 
oxidises metaUio oxides ili.prosenM of ^i^a 
when the alkaU oan oombine with the higher 


whTO ^*lSd forma a ata^ sit with 
oxide, ..g. CrO. to 0r,0, in .P"*^ 

19. Potassium diohrortlat* le 

in neutral solntiftM to Cr<^ in aM^ b«**Sw* 

ten salt of 0r,0, (Soh6nb«n, /. or. 70, 967; 

mangamai. to presenoa of J? 

»K,sS,Aq + 9Mn80>4+8^0 +to- - fit Wtoj 
.V. rv u,, 1^0, »n4^ 


Also ^ the 0 OOJACS 1 



from the KMn 04 . Acecrding to P. ThSnard (C. 
B. 75,177) HjOsAnd KMnO(Aq react when kept 
at a low temperature, but no 0 is evolve#; Ber* 
thelot (0, B. 90, 656) confirms this, he tliinks 
lua oxiae H 30 ,.s 0 is foTmed.-~14. SUhr oxidit 
Ag,0, is reduce to Ag by HjO}; AgjO-f H,0, 
Oj-fSAg: HgO reacts similarly. Ber*, 
thelot (C. B. 90,579) thinks that ap oxide Ag 40 , 
is produced.^15. According to'Hanrioit (B2. [3] 
43, 468) H«Os reduces Feliiittfi's solution^* 

16. H,0, reage with chains to form HCl 
and 0; » 2 HCI+O 5 . SchSna (A. 

196, 254) thinks the reaotiona may be 
HjOj + OHj + Clj-sHjO + Oj + SHCl-—17. Iodine 
iorms HI anj 0, byreacting with/lif^e K^jOsAq; 
but HI decomposes more cono. H^^Aq to form 
H,0 and I. In the reaction between I and 
H,0,, an oxyacid of I may be produced and then 
decomposed; when I is added to KOHAq con¬ 
taining H, 0 „ only KI is formed (no KIO^ apd 
0 is evolved {c/. Fairlev, C. J. [2] 16,22). 

H ,09 is decomposed toH ,0 and 0 by several 
substances which at the close of the reaction 
remain the same as they were at the beginning. 

18. Platinumt gold, silver, and charcoal, 
added to H^O,, cause evolution of O and forma¬ 
tion of H,0. Fibrin and some other organic 
substances bring about the same change. 

19. Manganese dioscide added to produces 
0 and H,0, and the same quantity of MnO, 
remains as was originally added (for actior 
when an acid is present v. Beaction 11 supra). 

20. Potassium iodide with pure H,0^q causes 
evolution of Of but no 1 is liberated (Kingzett, 
O. J. 37, 806;» Sch 6 ne, A. 195, 228). Schone 
supposes that a series of changes occurs, pos- 
siUy the K salt of an oxyacid (? hypoiodlte) 

*18 formed and t^en reacts with more H^O, to 
give KI, HjO, and 0. Ordinary commercial 
£,0^q liberates I from KI. —21. Potassium 
romide and chloride both cause evolution of 0; 
[Br more slowly than KI, and KCl more slowly 
ban EBr; no Br or Cl ^ liberated(SchOne, {.c.). 
(2. Certain salts, ap. S.'^a^SOf, also decompose 
bnt the salt is^ihe same at the close as at 
he b^inningof Uto reaction {v. Schone, l.c.), 

23. The camtio» alkalis decompose ^0, 
irit h*tonp atipn of 0 and ^0; Schone has ex,- 
smiipff^iese reactions; he ^inks that tho first 
prodoets are H 2 O and compounds (M 

«>aUrali metol), these compounds have been 
isolated ( 0 . Comb^talions, infra ); these edm- 
onds then decompose to alkfili, H^O, and 
Sebdne shows that the rate at which 
is decomposed by alkalis is modified by tempera- 
tnre, light, eoncentoation, traces of impurities, 
and the condition eftiie aorfaces of the contain¬ 
ing vessels. • _ 

* Kfij ii^a represei^jtotive peroxide; its re¬ 
actions'^ are <«imilqr to thMe of BaO,, SrO„ 
and the orgai^ peroxides foch as acetyl 
(C^0),0,; it cannot be said to have 
•disfemtly basic or aoidio propeities, bnt on the 
whole it is mve aoidio than basic, e.c. in the re* 
actioiwBa 0 ,H^H |0 + ■^BaOf.SHtO 4-^ ^ 
there Is prohaoly ia exooings of the H of ^0. 
ftfr the metai Ba. ^ ^ 

Oom&Mofdmi.—Sohfine (i* U2, 357) has 
Obtained, bodies whish ks jvobaUy eompoonds 
b 6 H,0,, with the peroxides of the sBuul an# 
«ikatiMeiz^inetik When I efsi?* SOB in 


solution was added to about 8 equiv. H^Oi* 
the liquid was evaporated in t;acuo and the 
re^ue dried at ~10^, a white solid K,0r2H,0, 

(was obtained. Using about the same 
proportions of KaOH and H,0,, the compound 
Na^.0«.4H,0 (?»Aa,0,.2H,03.4H,0) was ob- 
tainea. Both tnese compounds are easily de¬ 
composed by inning vyth evolution of 0. The 
comi^und Ba09.H20, was obtained by direct 
addition of its ooustituents, or by adding a 
certain quantity of NH^Aq to a Ba salt solution 
in presence of H,0,; this compound is very un^ 
stable, it easily goes to BaO„ H^O, and 0; if 
the decomposition is effected by warming under 
water, crystals of Ba0,.8H,0 are form^ In* 
dications of the exiatenoe of compounds of H^Op 
with CaOj and Brp^were obtained, but the 
compouifds could not^ is<£ated on account of 
their groat instability 

Detection andEstimation,—Rfi^q produces 
a blue colour in a dilute solution ^f guaiooum 
mixed with an infusion of malt. Addition of a 
few drops ^of Pb acetate solution, followed by 
KIAq^nd starch and a little Sscetio acid, pro¬ 
duces a blue colour (Sohonbein, J. pr. 86, 129; 
Struve, Z. 1869. 274). Eiohara f^V. 31. 912) 
says the besW reagent for detecting H9O9, espe¬ 
cially in pt^senoe of S,0„ is a solution of iittmid 
acid in H^SO^; a very yellow pp. is obtained; 
this pp. decolourises the same quantity of 
KMnO^Aq as the H^O, in the solution from 

f hich the pp. was obtained (c/. Sohdnn, Fr, 9, 

I, 330; D. P. J. 210, 317). 

According to Hanriott {Bl, [2] 48,'468) HjO, 
is best estimated by measuring the amount of 
0 liberated by reacting with MnO,. l^may also 
be estimated by measuring the quantity of 
KMnO, reduced, or the 0 liberatod by reacting 
with KMnO^Aq; Kingzett {C. J, 87, 806) says 
no acid should be present: the reaction is 
2KMn04Aq + 3H,S04 + 6ELO, 

■■ . K,S0,Aa + 8 MnSO,Aq + 8H,0 + 50. 
KIAq nu; be bright into oontact vith 
HgO^Aq, and the I estimeted by dilate q$andard 
Na,4o^8: io preseoa|<o( muoh dilute 

H,SOjAq (Kingzett, u.; cf. GehAne, B. 1, 
1698 i Hamel, C. E. 76,1023). „ 

Hydrogen pboipbidea «. PHospBoaue, hi- 
DRinu or. * 

Hydrogen ealanide H,Sa. (Selenieiteil^tr 
ulmiuTitied hydrogm. SeluHmdtde and. By- 
dnaeUnicacid. Selmion hydride.) Mol. w.80’8. 
This compound ie the Se analogue of SH. 

Eonnatum.—!. By leading B car Se heated 
to 0. dOO^-bOO" (Oorenwinder, A. Ch. [8] 84,77; 
Vnhler a. Uelsmann, A. 116,128); or by heating 
H and Be in a closed ^ube to o, 440° (Haute- 
feuille, 0. fl, 64, 608). Aeoording to Ditto* 
fj. R. 74,980) combination of H and Se begins 
nt 0. 250°.u at ita maximum at o. 520°, and 
then decreaea to 1SO°,jbm it caaiM.—2. By, 
the action of Se on E&gai at tha ordinary 
temperatnre (HantefeuiUI, HI. [2] 7, 128); in 
jpresenoe of tenter, hotmer, SeH, and I g^Te Se 
and HI. Asoording to JnatotauUle (0. H. 68, 
1554) 6eB$ aatl I anVodnoed by hanting Se 
irith fairly oona. HUqu • laalad tnba, bnt on 
oooUng M styatnUiaea and BU>| ramnlda.-- 
8. By tha na^ of tntar on So phaabida 
(P^, + fH,OA4«2B!PO|iU.4'5EI|So). B0l2«S»a 
I toeommoBda tlw tt tha Mat mtthod ftt-jfPa' 



HYDBOOm 


Sliimidzu, 0. *r. 47"^ “ , 

A colourless gas with most 
irritating odour, reserabli^ that of SH, and Cl 
eombmed. Extremely poisonous. A minute 
quantuy of the gJa inhaled repiovea the sense of* 
smell for a time, and produces violent headache. 
«Q working with this oonuK>und great precautions 
most be taken. Berzelius thus describea the 
effect of allowing a bubble of the gas to pass 
into his nostrils: ' Bei meinem erstAi Versuche, 
den Qeruch diews Gases kennen zu lernen, 
hatte ich, als eino Gasblasof viellei<mt •nicht 
, grdsser als eine Erbse, in etnea der l^asenlObher 
gelangt war, fUr mehi;^re Stunden so gdnzlich 
den Qeruch verloran, daft fch ohne daa geringste 
GefUhl daa st&rkste A&Huniak unter die Naae 
halten konnte. Der Qeruch kam nach fiinf bis 
sechs StUQ^en wieder, aberein sehr heftiger und 
beschwerlicher Sohnupfen hielt vierzehn Tags 
lang an ’ {Lehrhuch [6th ed.], 2, 213). SeH.^ is 
more soluble jp water Ihan SIl,; «the solution 
reddens litmus; it quickly decomposer* in air 
with ppn. Se. 

Reactions. —1. Heat decomposes SeH^ into 
< Se and H. Ditte (C. R. 74, 980) Mys that the 
change begins at 160^, is consider^le at 270‘^, 
but then decreases until it reaches a minimum 


•242^(Croull6boi8, A. Ch. [4} 20,180). 8. «t 6® 
3 96, at 15® 8‘2S, at 20® 2*9, at 26® 2*6, at 80® 
2-38, |t 40® 1-86 (SohSnfield^. 98,26; 95,10), 

S. in alcohol at 5^ 14*78, at 16® 9*54, at 20® 7*41, 

at «5® ^*62 (Carius, A. 94, im. H.P. (from 
white amorphous S) 4,740; m8,Aq] 

» 9,200; [H^S.Aq]« 4,560 {Th. 2, 63). Vapour- 
pressures of condensed H,S in atmos. (Faraday, 

T. 1845. l,*66l-70®=.109, -60®«20, -40® 
» 2*86, - 31® = 3*95, -18*9® - 5*96, - 8 S3® - 6-38. 
+ 8*^ «13*7,11*1®-14*6. 

The gas was known io^e ICth and 17th 
ceitturies; it was first accuRltely examined by 
Scheele, who regarded it as a compound of sul¬ 
phur, phlogiston, and heat. 

Occurrence. —In gases from;frolcanoes and 
j funiaroles. •In many mineral waters, e.g. the 
Harrogate watpr. Sometimes in small quanti¬ 
ties in sea-water. It is said to be found in some 
new wines, probably formed by the acids decom¬ 
posing sulphides produced by the reduction' of 
sulphates during fermentation. 

For/nation.~l. By the decay of organic 
matter containing S compounds, or of organic 
matter free from S in presence of gypsum.— 
2. By ^eating various organic bodies, e.g. suet or 
paratTm (Ileinsh, J.pr. 1838.42; (ialletly, C. N. 
24, 162) with S.—3. By the dry distillation of 
S-containing* organic material, e,g. gas-coal.— 
4. By reactions between various acids and me- 
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Ulning oommereUl ‘Brer ot tnlphiu’ bei^ to 
SlS0<’-a6O°, »ad then throogh Ne,00^ (£. IT, 
S897). Jacobsen (B. TO, 1M9) aaje that every 
trace ol As mayObe removed by passin the 
gu throngb S or 8 grams ot ooarsely-powdyed, 
air-dried I, interspersed with glass-wooh placed 
in a tube at the ordinary temperature.—3. Pure 
Sfibitite Sb,S, is decomposed by dilute BClAq; 
the B,S is nearly pure.—8. Fresenius (FV. 36, 
839) recommends the use ot oadciihn sulphide. 
It is prepared by strongly heating a mixture ot 
plaster ot Paris and charcoal; the sulphide is 
mixed with one-l|prth its weight ol plaster ot 
Paris and enough water to make a cream; the 
whole is poured into shallow paper trays; atter 
setting the block is cot into piecedl^hioh are 
dried at a gebtle heat. By placW the dried 
pieces in a Kipp's apparatus and adding dilute 
HOlAq, a stream ol H,S is obtsdned which can 
be readily oontroUed.— i. According to Divers a. 
Shimidzu (C. J. 46,699) an aqueous soluticn ol 
Hg hydrosulphide is a most convenient source ot 
as the pure gas is evolved b^ heating this 
Bolntion to c. 60The solution u prepa^ by 
passing (made from ordinary FeS) into a 
large flask alwnt hall lull of water containing 
magnesia (preferably treshly calcined) in suspen¬ 
sion; not mote than about 1 part commercial 
magnesia should be used to 10 pans water; 
when the magnesia has all dissolves the solution 
is placed in a flask with delivery tnbe and warmed 
to 0 .60“ on a water-bath, when a steady evolu -} 
tion of pure H,S proceeds; by raising the tem- 
peratnre to 90°-100° more H-8 is obtained. Xbe 
solution of Mg hydrosulphide may be kept un¬ 
changed by closing the flask with a cork covered 
with paraffin. When the solution has been ex- 
huuM it is allowed to cool, and then again 
qluuged with B^, fthen it is ready for use ^sin. 

Many pieces ot apparatus have been intro¬ 
duced for the preparation and use ot B^S in 
laboratories; they are described in i^anualt of 
Analytiedl Ohtmistry. 

jPnmertMS.—B,S is sccolourless gas with a 
'most (mensivs odour; itsis very poisonous; sol. 
in e. ^oh of ’"ete sol. in alcohol (o. data 
at beginning ot arl^ E,S is liquefied by pres¬ 
sure and cold. The mpst convenient method, on 
&e smgU scab, is to place come H persulphide 
(not thosaag^ dried) ^v. p. T37) in a A shaped 
tuto; tbs persulphide is gradhally decomposed 
kr t^ moistore into B,8 and S; after a lew 
t^ otfadr limb of the tubs is placed in h 
tpeeaing mixture, dad distila into, and 
Uqnsfias la, this limK Melaens (0. B, 77,781) 
aUows ehanoal to absorb B^^ places the char¬ 
coal in one limb <rf a A tnbe, the other limb 
being in a bssaing, atixture, and distils. It 
H,S made in the ordinary way U to be liqueSed by 
piecsme, oaiMoust be taken «iat tli* m is free 
from H. eXdqirid lU id a very mabUe, trans¬ 
parent, lefaaetne li4aid; 8.0. o. 41; boils at 
. —fllbad at 780 Min- pressure, and stoidifles at 
-Sfrt?. 1^ is saw bunt in air to H,0 and 
SO,; itiadseompoaadbyiiiasaing through ahot 
tab* at a. 400° (Myers, A. 169,di.iW, ot by pas^ 
lag eleetrfe spans throogh it. B^AqdMonil 
poees by enosnre tosnir with separation ol B. 
nt an examination ot the rate ot decon^iosition 
lAol ILSAuandu diibrent conditions v. Baab 
ytr^a la im fliha aotution keeps beat in a 


corked bottle inverted Under water, in iw 
chemical relations B,S is etinnKT to B,0, but 
it is mbre decidedly acidic; H,SAq reacts as a 
mo^basio acid. 

lUactiom.—l, B,S is easily decomposed; 
when heated to e. 4W° it is separated into its 
elements (Myers, A. ro9,134); it is also decom¬ 
posed by eUetrie sparks. —^3. When burnt in air 
SO, and H,0 art produoq^.—8. B,SAq soon de¬ 
composes, with separation ot S, by exposurs 
to the air.—4t. Moist E,8 vxtrmsd in presence of 
air or oxyym produces B^O,.—6. Most oxu 
dising agents react with to form B,0,8, 
and SO.,Aq ot 80,Aq; thus BNO,Aqand BNO,Aq 
prodqce'^O, 8, and NO; BOOlAq produces 

BOl, and 8; s^aline iodates are reduced 
to iodides.—8. Fentc salts are reduced to ter-* 
rons salts, with separation ot 8.—7. When B,3 
is passed hito SO,Aq uj^ theTatter iscoompletely 
decomposed the solutica is known as Wacken- 
roder’s eoiution; this liquid probably contains S 
in suspension, a colloidal term ot 8 ih solution, 
E,S0„ a,S,0„ B,S,0,, B,S,0,. and a higher 
thionic acid, probably iLS.O,; it the passage ol 
H,S iq continued until all olKmical change 
ceases the final products are 8 and H,0, thus 
3B,S-e80,>=3S + 2H,0 (Debus, 0. J»3, 'H'l; o. 
Tmosio ACIDS, in vol, iv.).—8. B,S or B,SAq 
is decomposed by ehlorine and bromine to UX 
and 8; H.,SAq is similarly decomposed by 
iodine, but if water is not present B,8 does 
not react witB I.—9. many metals decom¬ 
pose H.,8 when heated with it, forming sulphides 
and B; several metals, e.£. Ag, Cu, Hg, react at 
ordinary temperatures. The decomposition ot 
B,8 by hot 8n or Pt has been employed in the 
analysis ot the compound; a specified volume 
of the gas is thus found to give its own volume 
ol H.—10. Many metallic omdes and salts react 
with H,S to form sulphides, and water or acids 
The metallic sulphide, if insoluble in, and un¬ 
acted on by, the acid produced in the reaction, is 
ppd. when n,S is passed into a solution of ths 
metallic salt; it the metallic sulphide is decom 
posed by the acid produced in the reactian) or i 
it cannot exist in presence ot twater, no pp. i 
formed. These reactions are applied )n the syi 
tematic qualitative analysis ot metallio salts (t 
Akadysis, vol. L p. 330). 

11. l^Aq reacts as a weak monobasic aci( 
s.;. wiUi KOHAq it forms KSHAq. Thomssu 
(2%. 1,363) giyss the lollowing heats ot neu¬ 
tralisation : 

[3NaOHAq,3H>8Aq] -16,476; 

<r4NaOHAq,SH*8 Aq] -16,6041 

[BaO°H»Aq,3H«8Aq] -18,748; 

» {2NH>Aq,3H«8Aq]-13,890. 

Oombinatums.—By ooipptessing H,S in prs- 
sence of a lit^a water De Forcrand a. Tillard 
obftined a solid hydrate H^.7H,0 (0. fi. 106, 
1403; 10k 849 a. 9891; &is hydrate is easily 

decomposed I 9 heat. Tim tormi^n of the hy¬ 
drate ooenrs with a latgrASoiprion ot H,S gas 
by the water; when Jlomsd at 0°, the ptessnre 
being about 60 mm. abott* the ordinary, 1 o-o. 
witer absorbed about 10(^ s. EU, whereas the 
solubility of B,S«ln wst« at 0* and ordinary 
Oressurs is only aboot 4 toIs. in 1 toI. water. 
Wohler (A. KL1S6) obtebuedios-lifcvorystals by 
Isadfav Bfi ttto atsiAol smitaining water at 
c- 18°, tbs quiaHty at water |elng sneh that 
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Im t» 8 lonnei at tba temperature of erperimont; 
these crystals may hate been a solid hy^ate of 

Detection and estimation .—is detected by 
its smell, by its reaction with a salt of Pb or Ag 
in solution to give browS-blaok PbS or black 
Ag^, and by the production of a deep purple-red 
^our when brought into cont^it with an alka¬ 
line solutionof Na nitftprusside {FeCy,(NO)NaJ. 
Finely divided Ag shaken with water containing 
lijB forms AgjS; it does not, however, decompose 
alkaline sulphides; these reactions may be ap¬ 
plied to detect aikaline sulphides iif presence of 
H-S; air must not be preBcnt,^ else spits of S 
oayacids may be formed. H,3 in aqueous solu¬ 
tion may bo determined by adding a mandardised 

solution of I in KIAn until a permanent Wue 
colour is nroduced in^rCTence of starch. The 
solution of H,S must Blhw dilute that not more 
than -04 p.c. H^S is pro*nt. 

HrDBO»as pbbsdi,phiob yHjSj or 
When an acid is added to an aqueous solutmn of 
an alkaline or aikaline earth persulphide, I^S is 
evolved and thp rest of the S is ppA. if the 
aikaline persulphide solution is poured into the 
acid, oily 4op“ bottom; the oil is a 

compound of H and 8 oontammg J 

morfB than H,8 (Schoek, Vmf 
dem Feuer, 16S; Berzelius Lehr^uch. 2, 218 , 
ThSnard, A. Ch. 48, 79; Inebig, A. 2, 27, 18, 
170 ) Analyses of the oU thus obtained have I 
given discordant fesults ; Ramsay s anal^esl 
in J rai 12. 857) showed a compositi«m va^- 
i^g torn HA to AS,.. According to Saba ler 
iC R 100 ISdO). the oil is thoroughly dried, 
it may be distiUed at bO^-SS’ under a pr®®®"® 
of 40 » 100 mm.; and the hquid thus obtained 
Sm theoomposition as.- The analyses of ^bs 
(A. 246, 350) also point to this lo^'» • ho do- 
Lmposed Na,S.„ NaS„ Na,3., and Na^cpa- 
ratelv with cold HClAq, also different polysul- 
^idM of OaandBa; in each case he got an 
Sil the composition otiwtaoh 
^/ivvmnU H S Sabatier thinks that the liquid 
>b*SuBed by contained S prodi^ed by the 
fec^r^tsiSo^ part of the pers^i h® m 
in fav(;pr oi the formala^H,S 2 permi 

‘’'^Hofmann (B. 1. 81) by the reaction betwcem 

aAS 4 .a“‘X."'^s::!.feK 

bt Ramsay ( 0 . J. [ 2 ] 12 . 857 ). Schist allowed 
&,B to re^ vritb ®t>7®hhtao 
and obtained crystals of 8Cj,HBN.;0,2ti.i»a. 
with brucine he got the n 2H 8 * 


f eet H parsulpbide cannot be 
, possibly more than one 

/ S penuhhide.-An aqueoue 

lolntimrol an eUMtoe po%i 

powed tato«c6M » 


sulphide, eonc. KOHAq may ie 
or 2 parts ACO, may bo fused wiHt 1 ^ ^ 

the mass dissolved in water,pboiled with «0OT 

of sAnd aUowed to clear; or 1 part OaOn^ 
be made into a thin cream with water and boUM 
with 2*part8 8. As solution of polysnlphidee 
prepared as described may contain thiOBulpnat^ 
Bertholot (A. Ch. [S] 49, 450) recommends to 
saturate K^HAq with AS 00 * of BO”*®®*™ 
air, to add an e^ual volume of the same KOHAq, 
end to boil with 8; or Na.SO„ or OaSO„ inay 
be strongly heated with powdered charcoal, tne 
miJss treated with water, lOd boiled vnth S. 
Sabatier 1C. B. 100,1346) thoroughly dries the 
oil, plaoea.it in a small flask with short neck 
oonneoteJwith a bolb-tnbe sut^unded by ico 
and havinpa pump attached; when the prM- 
sure is reduced to 40-100 mm. he heats the 
flask to 60'’-8ff“ in a water-bath. 

Properties.—A yellow, mobile, oily liquid, 

S.(S. 1-734 (Ramsay), 1-71 at IS” (Rebs). Odour is 
very irritating; taste bitter-sweet; the hqmd 
raises blisters on the skin ; itiSMlnble 
CHOI,, and CS.,; decomposed by alkalis, alcohms, 
and slowly by ether; also by the “tion of light; 
slowfi decomposed by KMnO.M. Br, I, 

(Sabatier, C.R. 100,1586). Hydrogen peteni- 
nhide is more stable when the liquid contains 
some S or A® (Sabatier). When quite dry, tte 

liquid may be preserved unchanged m a sealed 

tube (Bunsen, P. 46, 103); if the liquid is not 
quite'dry, it slowly decomposes mto 'T®*®!® 

S and liquid HS, if this change proceeds the 
tube may bo broken by the pressure of the H,». 
Hydrogen persulphide is readier inflammable 

^ picJns.-HydrogenperAlphide tes^W^ 
H,0,in its reactions; it is -1®“'?P°®®^„^ A® 
arid S by those substanoes^hich change 

tato AO ®nd 0. e.g. Ft, \u, Ag.O. oharcoA 
powder, tee. ; it acts as a reduang agent, eg. it 
decolourises indigo. W^r d®o°“^®®.f *“ 
H.,S and S, slowly at ordinary, <1“®“^ ®* 

tomp®rat“'®®- Xminonm ®®®®®® ® P|“- 

gen. Tellurhydr^ ac^. 

Tellurium hydrxA^. Mol. w. 
pound, discoverq^by »®ry (<?- ^- W 

U, 103) "“““““/^’^TrvapOT^In^hSrf A 
by action of ozeess of Tc v^out^o deoompoS 

ihe ci pur"e N b, 

rf H srS'^f^ben &ialiA 

of H,B0 OT ^ , J 

rsulphide.—An aqueous , deoompoaee ^ decomposition «s 
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heat; according w that 

(?.v. P-ws). •r.A.I 
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Mdiljroomti US«tW«Vf •w is fairly soloble in water, 
the s^ntion is yeiy quickly deootaposed if ex* 
posed to air. Piif) TeH, is rapidly andaoom* 
pletely absorbed by solutions of alkalis, 'nth 

S roduotion of alkau tellurides, if a trade of 0 
present the solution becomes violet or purple, 
ana if much 0 is present Te is ppd. (B. a. F., 
le.). TeH. passed into solutions of metallic salts 
ppta metallic tellurides. M. M. P. M. 

ET1)BO.EO][0*FEBBUC ACID v. m^Methyl 
dtrivatwt of (4:8:l)-l)i*oxY-PHENrL-iao-BUTTBia 
ac m. •, 

HTBBOIODOAEGEUC AOIB v. Iodo-talsbio 
tea, 

HTBBOIOl^GXNNAKIO AGIO Ioi>o- 

VHRrnrPBOPIONIC AOID. 0 

(a)-Bn)BOJITGLOHE 

napfUhoguincmf [170°]. S. (at85^)»*6. Occurs, 
together with about | as much (jd}.bydrojuglqne, 
in the leaves and unripe green shells of the 
walnut. Formed by reduction of juglone (Mylius, 
B. 17,2411; 18, 475, 2567). Colourless plates 
mr ne^les. V. e. soL aloohol, ether, and acetic 
acid, nearly insol. bensene and petroleum-ether, 
insol. chloroform. It dissolves in aqueous )laOH 
with a yellow colour, which almost instantly be- 
oomes violet on exposure to air from formation 
of juglone. It is odourless, but possesses a burn¬ 
ing taste, and is poisonous; ^ g. killed a rabbit 
in 2 hours. By treatment with acid anhydrides 
it is converted into the alkoyl derivatives of (j9)- 
hydrojuglone. On heating (a)-hydro juglone above 
its meltmg-poin^ it is converted into the (5)- 
isomeride. On the other hand the inverse change 
takes place if (jS)-hydn>jaglone is boiled with 
'^'iute HCl for a long time. Potash-fusion gives 
-oxy-benzoie acid) together with phenol, sail- 
rlio acid, and pyrocateehin. Oxidising ^ents 
try readily convert it into juglone. On distilla- 
on with zine-dust it gives naphtluiUne. 

Tri‘aceiyl derivative G,^,(OAc), 
i24T. 

* (8)-Hydr0!j«gloneO„:^O,. 2fVi-oa^*naphf/mf- 
ut [97®}. 8. {at25®|»='li. Occurs, together 
dth about 5 times u much [a)-hydrojaglone, in 
be unripe shells oi walnut Silvery six- 
tded titles or flat needles. •V. sot. chloroform 
nd beuzcM, H. soL cold alcohol and ether, 
^olatili^th steam. Aromatic^smell and bum- 
aa taste. Formed by heating (a).hydrojaglone 
;TOve its Conve^d into the (a)t 

lydrojugione by loiit boiling with Alilute HCl. 
>ifsolves in all^s vmh a yellow colour, which 
leoomes red on exposure to the mr. Fe,Cl, gives 
k blood-red coiooiation. It is not oxidised to 
Qglone, except under t^nditiems which allow of 
ts previous conversion into j[<ri-bydrojtigione. 
te alkoyl der^tives are formea b^ihe action 
H i^ydtndea upon eitBkr (a)* or (0)*hydro* 
[ngkme. ^ • a 

Ti^-aeetfl derivative 0,A{OAo),: 
[180^t^o(flooness prisms (from alcoh^. 


[,256U -n 

ro «ttiPTn>IHV V/J>i-hy<Nds ol'ni. 
iftffBnryraTMWffi 

KTraOKBOOnO teiB v. Umono UOB. ■ 
xtmamxmB Am 9. Batu^irat et 
Btauim MA, 


EYl)Ba.HETEn-XXH>tB «. Miiatb-M. 

Dom dihydridt. 

HYDltO.KBTinrL.PTBlDl]rB8 v. Hydridu 

ot tfETHTti-musnifs. 

SI.EYI>aO.IBI.XBTBYX.PTBn>IBB SI. 
CABBOXTUO BTHBK v. LH-hydridt ol Tui- 

UerHTL-FTBIIltHli DI-OARBOXIUC FIBSIt. 

■ ETDB0.1tEBHTI,-PT^I.E «. Sydride of 

' IdSTBTn-P'niBOLB. 

HTDB0-HSTHTX.-«tJIHAI.BIKB8 v. Ey^ 
dridee of Di-uxthtl-quikolinbs. 

HTBBO-MBOOHIC ACID 0.H,O« 4.c. 
(CO^.CH:DH.OHa.OH,(CO,H). [195®]. S. -9 at 
iC®. Fovmed by partial reduction of disoetylene- 
di-caiboxyljp acid with todium-amalgam. Or 
further reaction it 'gives adipic acid (Bseyer 
B. 16, GBO). Formedle^ by treating diehloro 
muconio acid C,H 4 Gl] 0 ^jwitls> sodimp-amalgan 
(Bode, A. 132,98). Ol^rless prisms; v. shsoi 
cold water, v. sol. hot water and dlcohol, m. sol 
ether. Beduoed by sodium-dmalgam to adipL 
acid (Limpricht, A. 165, 263). By treatment 
with bromine it may be converted into bromo- 
hydromuconto acid [ISS®], di-, kri-, and tetra-, 
bromo-hdipio, and iso-di-bromo-adipio acids.— 
ZnA".—AgjA", # 

Anhydride C,H„0|. Trimetrio crystals; 
a:l>:c = -206:3<y332 (Fock, Z. K. 7, 48). 

HBXA-EYBBO-NAPHTHALBHE v. Naph¬ 
thalene HEXAUYPRtDE. 

T£XBA-HT1)E0-KAFHTHAI.£HS DI-CAB- 
B0!atL1C ACID V. Tetrahydride ot Nafuthalxnx 
d/kjarboztlic acid. 

• BIHYBEONAFHTEOIC ACID* so-6alled«. 
MbTHIXf-XNDONAPBTHKNE-CAUBOXTMC Acts. 

(a). HTOBO . NAPHTHOQUINONE C,,H,0, 
i... 0,.H.(0H),[1:4J. [173»] (P.); [176»] (O.). 
Formed by the action ot luming HIAq on (a)- 
naphthoquinone (Gtovea, A. 187,359); or, better, 
<tom(a).naphthoqainone, tin, and HCIAq (Plimp¬ 
ton, 0. J. 37, 635). A small quantity may be 
obtained heating M-naphthoquinone with 
aqueous SO, at 160“ (Pifinpton). White needlet j 
m. sol. boiling water, v. sol. boiling alcohol, ether, 
and HO Ac, al. sol. hot benzeng* almost msoi. 
CS, and ligroin. Oxidising a^ts oonnrt it 
into (a)-naphthoqninqne; with a sointioii ol (al- 
naphthoquinone it forms dark-purple cryitaia 
ol the quinhydrone G„H„0,. • 

Di-acetyl derivative C„H,(OAa)r 
130°]. Easily soluble tables (from awmoi) 
(Korn, B. 17,8026). 

(Ol-Hydro-naphthoquiaono 0„H,(0H),[1;3]. 
[o.G0°]. germed by treating (S)-naphthoquinone 
with cold oono. SO,Aq (Liebermann a. P. dacob- 
son, ti. 211, 68). Hilvery plates. It dissolves in 
aqueous alkalis forming yellow solutions wfaioh 
turn deep greei^ in the tur.* Violently iuflamei 
theokin. 

Di-aeetyi derivative 0,.E,(OAo),(. [o. 
106°). Very Mduble plstei (from HOAe) (Bon, 
B. 17, 8026). 

Isohydnsaphtfcoqslsoin 0,JB,Or Fonnod 
by the aotion ot wat« (80 pta.) on the compound 
0, ja,(H001), (•o-esUod di^loro-nsphtbydrene 
glycol) at lSoi(Oin>aax, St, [2] 13,8 97). SmiJl 
n^es; sol. watnr and ether, inioL OHOl, and 
benxeoa. Its aUtaliM aolation ton tM bi 
the lit. It rednset iinmoniMol FeOt, 

gtyee, in it* agMOM Mhitidn,.g hnini FF> 
alkalii. e 



HTDKOQtfINONB. 


7iW 


BYSS 04 - 0 XT.aXHZ-A]lll>B «. Xai-orr- 

nDBoBmUHOX. • 

EYDBO-OXT.OAXPEOBOHIO ACQD «. 

OilDBOB. * 

HTDBO.OZT-KXTHtI-auiKOLnrX V. Hy- 

Aridt oi OxT-iaiXYL-gxiiiouNiE. 

BI-HYBBO-OXT-(tTIIIIOI<IIlX V. Bydro-ear- 
iottyril nnder Aim>of Hxireii-rBOdOHio usid ; v.‘ 
klio Bydride of Oxy-qbikouhe. 

HTOBO-FHENOL-XETHALlDIir CHLOBIDE 
V, Bi-ohlobo-xhkntl-inthhasol dxhtsbzok. 

HYBBO-FHBHYL-ACBISINB «.• JPaKNYL- 
AOBisniE hydride. 

HTi)BO.PHxirn.-cBoioino Acm v. 

PaxSTt-Bniriao ion>. • • *_ 

TKTBA-HTOBO-PHESYL.ftlinfOUIftt V. 
Tti ra-hy dride of Pasin^lpiiniouNE. 

HYBB^PHLOBOISv. HTOBOxYLMurooNB. 
ETDBOPHTHALIfrSCISB v. Bydridea of 
Phihujo acid! ' 

EYBBB-PICOSIKB v. Bydride of Miihil- 
fTBmiM. _ 

EBXA-HYDBO-PICOIINIC ACID V. Bexa- 
hydride of Pybidimk cakboxyuo Adh>. 

BYDBO-PIPBBIO ACIDS C|,H„0.. fa) [78»]. 
($) [181°]» By leductioD of piperio aoid by so- 
mum-amalgam two hydro-pipeyo acids are got. 
They may be separated by cryslaiJisatioii from 
aloohol, when the (fl)-aoid ecparates first. The 
(a).aoid is the chief product (Foster, A. 124,117; 
Kttig A. Mielok, A. 162, 56). Thtf(0)-a<id fi^i'mi 
needles (Irom alcohol). Its ammonium salt 
is more soluble than that of the (a)-acid. The 
0)-aoid is only formed when the Uquid becomes 
very sltadine, il the alkali be constantly neutral¬ 
ist during the reduction only (o).acid is got. 
The («i-aoid may be converted into the (B) acid 
by heating with (lOpts. of) dilute (10 p.c.) NaOlI 
9 hours at 100° (Lorenz, B. 14, 78.6; Fittig a. 
Buri, A. 216, 171; 227, 81; Weinstein, A. 
227, 32). Br in OS, converts the (a)-acid into 
its dibromide, di-bromo-piperhy*ronio acid 
0.3„Br,0. ri87°-140l,whils the (S)-acid gives 
a Mtuot of substitution, bromo-hydro-piperio 
acid [ITW. .©le (0)-acid ia reduced by sodium 
amalgam in neutral solution to piper-nydronic 
aeid, while the (a)-aoid isjiot reduced thereby. 

(o)-E 3 rdroplperlo aoid , 

0H.<^,H,CHrCH;0H.CH,.00,H? [78°]. 


not an addition, product. EMnO, omdiw it. m 
di^ixy-piperhydronio acid 0H,0,^}Ht,0, ana 
methil-anhydro-cafleio acid f H^,0,H,0,. 
HTDBOPYBEHEftDINOHK v. PybbUS. 
Ul^BOPYEIDIHE V. PraroniB dihy- 

DBIDS. _ _ 

HYDBO-PYBO OIHOHONIO AOID *. D« 

MBTHYt-SUCCreiO ACID. _ 

HYDEaPYBOHEI.I.mO ACID v. PxB« 

IfBLLlTlC ACID. 

DIHYDEOPYSEOLS v, PxRBota Diet- 

DIU1>H. 

• TETEA.HYDKO.<lTTINAn)IKK p. {Py. 3)- 
MeTHYIs-QUINOLTNB tstrauydeidb. 

E YD MftVIH ANISOI. v. Methyl ether ot Oxv- 

gUlNOUNE-TafllU-HYDRIDE. 9 

HYDEOliUINICINE v. Cinchona bases. 
EYDEOaiVNIMSE <>■ Cinchona babes. 
HYDEOftUIKINE v. Cinchona bases. 
^HYDROftUINOIlNE v. Quinoline hydkide. 
TETBA-HYEEO-QTJINOLINE HYDBA2IHE 
V. Amido-tetra-hydro-quinoline. 

HYDBOaCINONE C,H,0,».«. C,H,(OH),[l:4]. 
p-Di-ox!/-bc» 2 ene. Quinol. Pyrogentieic and. 
Mol. w.' 110. [1C9°] (Hlasiwetz a. Habermann 
li. 8.684). S.G. 1-326 (Schr6der, B. 12, 563) 
H.F. (from diamond) 86,100 (Berthelot a. Lou 
guinino, A. Ch. [6] 13, 337; C. B. 104, 1676); 
100,880 (Stelimann, J. pr. [2] 38, 471). 8. 6-21 
at 15° ; 10-44 at 28-5°. 

Forvuition.—l. By the redaction of quinone, 
nd by tlie dry distillation of quinic acid (Wohler, 
1 . 51, 15‘2).—2. From arbutin by bailing with 


and 

dilute’ H.!s 6„ or by fte actioiyif emulsin (Kawa- 
lier, A. 81, "SS; Strecker, .ij 107, 229).—8. By 
boiling p-d zo-phenol sulphate with dilute (12 
p.c.) H;SO and extracting the cooled product 
with ether. Che yield amounts to 46 p jj. (WesiM- 
sky a. Sell ;r, B. 9,1169). In like manner Hy- 
droquinone may be obtained by the action of 
water at 140° on ( 4 :l)C.H.(OMe).N:N.SO,H, de- 
rived from the methyl ether of p-nitro-phenpl 
(H. Salkowaki, B. 7, J010).-4. By gently heatag 
a dilute solution ot pitroso-phenol in NaOHAqf^ 
with hydroiylamine hydrochloride, nitrogen 
being given off (Hepp, 10, 
bromo-salicylic acid [ 4 : 1 : 2 ^,H,Br(OH)((^|H) by 
fusion with NaOIL and Wting the res^ti^ di- 
oxy-benzoic acid [197°] in a Ifetli^of ^,80, at 
215°, when puishydroquinonesublimMlttMOW- 
ski a. Leppert, B.8, 788; c/. Demole, B. 7,1441; 

... . s tnr an\ A Tlv naoainer a. oknmtnt 


Thin neediei (frem hot water); si. LlUMiwetzfA?’l75,"67'). -’6,''By siassing a ourfcnt 

y. a. ioL alcohol and other. Oxidised '>7 9'®*. , • » hours througl»an alkaline solntion of 

aostteaeid. H 0 sLc^-sueS ethefpand heating to r^nlt- 

and di-oiy-pipcfhyditomo aoid i suconijiu .u .. — 

(Bicgsl, B. M, 416). Not attacked by AoOl at 


J Hicosl, x>. su, axo/. no. . T, 

00®» PotMh-fuiion giwB protocateohuig aoia 

NHjA'*: small lapuM. -KHA',-. 
unoi^oos, formed by adding K^OO, to amaloo- 
bidio sdotiott of ths acid. Dcoomposed by water. 
-A«A'! otyrtantoM. • 

(#).Hy4ro-p^9^|^ add 

OH.<g:^OH,CIH,OH:OH.OO,Hf [Wn 
Oottrom its(a)-isomerida 
n«t)with NaOH^ljt.) 

UO’ntsomei 
andaiwmpossd 


of air lor j noun, uiwu#™.-....—-— --- 

suecinylo-succiuio ether,»and 

ing di-oxy-terephthalio acid with KOH fflew- 
mann B. 10,107).—7. A product of to distiila- 
tionof succinates (Vonjliohter,/.^.p]M,2OT). 
8. By passing a. rapidly iltjrnatdy elMtno ds- 
charge ttsough* a solution of nhenol fe*.)-- 
9 From p-iodo-phencl by potasn-fu^n (EOmer, 
z 1866 862,731).—10.4)oou» in to urmc ol 
d^s th’at hava taken benzene (Ban^. a 6 
IW), phenol (Baumimn a. PreusM, B^, 706) 
or arbutin (Metmg,wil>'. Physu>l. ia, 276). 

Preparatim.-hximi> (I pt.) is diaaoli^ il 

30.1^ ptejdiluted 

ireat a tisac 

luy !/••«/ —OX-- *■ - - - 

temperature beiog 




tiMS traaiad with sxmm ot SO, boiled with 
•aimal ohatooal, filtend, and ehaken with ether. 
The ethereal extract when diatilled leaves hydio- 
oninone (Nietski, A10,1034; It, 1168; At 216, 
138; Ekatrand, B. 11,718). , 

PraperMis.—Dimorphoas, crystallising ey 
aaUiination in monocUnic plates; a:6:o 
>2-606:l:l'668; 8 <•78°; and from aqaeonsso- 
Intiona in hexagonal prisms; a:c-l: -669 (Leh¬ 
mann, E. if. 1, 44; Oroth, B. 9, 480). Has a 
slightly sweet taste. V. sol. alcohol, ether, and 
hot water, t. si. eoL cold bensene, may be dis¬ 
tilled. . T^en Fe(% is added to its aqneons eo¬ 
lation there is formed a mass of lustrons dark 
green spangles of qninhydrone, and at the same 
time the odour ot qninone is apparent." farther 
addition of FeGi, converts the qninWdrone into 
qninone, the or^tals redissolving. SBver nitrate 
gives a hrownish-white pp., andf on warming, 
redaction to black metallic silver takes place. 
Hydroqninone rednces a boiling acidnlated so^o- 
tion of KMnO„ 1 molecnle of hydroqninone 
reqniting 10 atoms of oxygen. Its r^noing 
power is intermediate between that of pyio- 
oatechin and that of resorcin (Credos, C. 22,106, 
623), Ehdroqninone rednces Febling’s solution, 
even in tm cold. An aqneona solution of faydro- 
qoinone slowly turns brown when exposed to the 
air, losing its rednoing power. An alkaline so¬ 
lution tnms brown much more rafidly. Lead 
acetate ^ves no pp. in dilute solutions, but it 
hydroqimone be mssolved in a moderately con- 
centrMed warm aqueous solution ot lead acetate 
prisms of CAO,Pb(OAc), liaq separate on cool¬ 
ing (Wohler, A. 72, 299). Hydroquinone pre¬ 
vents the alkalinr fermentation of nrine (An- 
draeff, 7raeh, 1887,230). 

Beaeiioiu. —1. Oxidised to quinone by FeCl„ 
e^rine, dilute HIIO, and chromic acid.— 
2. By passing through a red-hot tube it is split 
np into qninone and hydrogen (Hesse, A. 114, 
2^).—8. Bydroxylamin* in acid solution gives 
the di-oxim of qninone.—4. Strong nitric acid | 
decomposes hyaoqninone dn the cold, forming ' 
°'dtoe add and HOy (NHzki, A, 216,138).— 
6 . NUrcm* add gat pasted into an ethereal so- 
Itttion of hydroqnino^ at 0° forms small golden 
needles ot di-nitro-m-qgy-Oainone (Nietzki, B. 
10, 214^.—6. Hot affected by pdath-fution 
(WOls, i. 1(8, n). Soda-fusion converts it into 
(l,^)-tlt.oxy-bensene, (Ij-helh-oxy-diphenyi, 
ud tatra-oxy-diphenyl C„H„^ (Barth a. Sohre- 
ef, U. 4,176; %, 68^.—7. When heated with’ 
Xifit wpears to fob first O,H,(0H)(OPGt,) 
nd then CX(OPOI^(Scheid,^. 218, 207). 

. passed into a cold saturited solution ot 
lydtoqiunooe forms colourless rhombohedra 
O^OJiBjS dsoompqpad by boiliog water into 
tsoompoamits(W6hler,8.69,227). Bypassed 
nto a sdotioKld hydroqninone satnilM at 40° 
asms lon^ prisms ot SO, 

laisad into a oold saturated solntioiAf bydro- 
ptinotie forms 7eUowrhomlMhedm(C^O,),80„ 
rhieh a^isUy dsocomoae (Olenun, A. 110,867; 
Ssassk A, 114,800).—10. Atdehgdt in n^ce 
rf dilate HOI fonns a tedn on hosting (sOdiael. 
ti^yder, 8ni.(, 188).-<-U. Wifli acsfcmoltfOEr-i' 
m unstidde emnponnA OfififiJBfi, wlfiob 
Mms trielinio anstala, decoinposai into its 
NMMOttantfcty Mote in aloohd, a«itaiis,«t 
k*(int«r,aadeMO if isqfo ww tooir W i h e r 


mann, M. 6, 829).—12. EOt iosms needles 
{OJifiit'B.Oj deoomposed by heat or by wiatax 
into Use components (Uylins,- B. 19, 1008).— 
18. AniUnt when boiled with hyboquinone 
fornfe C,H,0,(HH,Ph]„ which oiystallisea in 
large plates [M°}, sol. alcohol and hot water. Its 
solution on exposure v> the air is oxidised to 
qninone dianilide. By boiling with benzene it 
is resolved into k^ydroquingne and aniline (Hebe- 
' brand, B. 16, 1878). Hydroquinons (1 moL) 
heated with aniline (4 mols.) and Oad, at 260° 
gives C,HdOH)(NHPh) (70°) (Calm, B.16,278«. 
In like nraimer o-toluidine and OaOL at 246° 
give O,H,(OH)(KHOjH,)[90°].—14. p^ohadint 
forma 0^0,(0,H,KH,), [98°] (HeSebrand, B. 
16,1974).—>6. Byneating withcMny! cuanate at 
100° there is formed uJB^(0.c5.NHPh)„ which ' 
crystalliseB from alcohpVn prisms [o. 207°). It 
is insol. benzene. At i tiy nritfhg-poiat it begins 
to decompose into pbf^l cyansjte and hydro- 
quinons (Snape, C. J. 47, J72).—16. OUoro- 
formio sfA«rOlOO,Et acting on soditm hydro¬ 
quinons forms p-phenylene di-carbonio ether 
C,H,(U.CO,Eti, This crystallises from alcohol 
in long needlSs, (100°), (310°), anfi appears to be 
split up By heat into CO, and moqo-ethyl hydro- 
quinone (246°-250°) (Bender, B. 13,096; Wal- 
lach, A. 226, 86).—17. Chlom-formamide gives 
C,H,(O.OONF,)„ which crystallises from alcohol 
in small needles [236°j.~18. Heated with Znd, 
and gladal acetie add it gives di-oxy-phenyl 
.methyl ketoxd (Hencki a. W, Schmid, J. pr. [3] 
28,646).—19. Di-chloro-di-ethyl oxide in warm 
EtOAo forms 0 A(OH)rCH,OH(0A(OH),), an 
amorphous substance, sot. alcohol, acetone, 
HOAc, and alkalis, and forming a heXa-acetyl 
derivative. FeCl, converts it into a green colour¬ 
ing matter C,H»On whence bromine forms 
0„H,Br,0, When an excess of di-ohloro-di- 
ethyl oxide acts on a solution of hydroquinone 
in EtOAc there is formed a resin and a soluble 
compound C„B„OI(X (Wislicanus a. Siegfried, 

A. 243, 171}.—20. Fomio add forms a com¬ 
pound (CjH,OJ,0H,O„'which crystallises in 
needles, and melts at 60°, giving o9 formioocid. 
It is also decomposed into its ^stituents by 
solution in water (M;ylius, B. 19, 1008). When 
hydroquinone (1 pt.) is heated vrith crystallised 
formic acid (2 pts.) for 4 hours at 260° there is ^ 
formed a<srystalline mixture of (0,H,O,),CH,O, ' 
and an anhydride thereof. The ar^ydMda 
(0,H,OJ,C^O, orystallisee in edoorless glassy 
ne^BS, split up by water, alcohol, or ether, 
into CO, formic acid, and hydroquinone (Hylius, 

B. 19, 969).— 21. EBCO, (4 pts.) heated 
in a digeator vrith hydroquinone (1 pt.) and 
wateie (4 pts.) forms di-oxy-benzois acid, the 
yield being about 20 pn. (S^ihofer a. Sarlay, Jf. 
2,449).—22. JlrUe add and H,^0, form nxy- 

« CHOH.~00.-00 

conmarin I c I I { 260 °} (Yon Paoh- 
0(Od|:0H0.0H:0H 

mann a. Welsh, B. 17, 1646)M|8. With KOE and 
K,S,0, it forms potassinm mgr-phenyl snlphats 
OA(OEQSO,K eijstidUsing in ttimetrie tables 
(Baflmaan,.H^ U18). 

Aetiyl dAHvitUt <QB,{0A^ 


FA»ed,ilovriy,bynsaetiondtisaoabdw- 
qabuMM in the o(dl(Nfetzki,B. 11,470). |KoBBsd 
whfhsatiag vmm* «iw IMAa tmiafi 
« at lOO* (HsM^i. nOi OsCMi* 



HYDROQUWONE GARBOXTUO ACID. 




r^bifj^aiuwlth Aa,0 at360°(Suaaw, prodaoi (Fiala, K. 6 , 2S3). ColonrlMa 
.. S09> aw). Long needles (from aloohd), line mass, smelling like oil of fennel* SnM 
lajM, or tables. V. m 1. benzene, obloAform, water, sol. benzene and ether. 


nd f&er, m» id. aleohoi and hot water. 
e loblimed. Split np hj long boiling With 
rater into HOAo and hydroqainone. II it be 
rented with PCI, and the prodaot distilled with 
Mam, white needles of 0|01,H^, [ 66 °] are got 
iiolud, Am* 9, 211)# This bSay, which may 

OgH 4 (OH)(OCCl:OClj], is si. sol. hot water, sol. 
Id ether, benzene, ana aloohoL It dissolres in 
kalis and is reppd. by aoids. With AoOl it 
^es an acetyl derivative. « 

Propionyl derivativ$ CaH,(00,Hj0)y 
13®3- Large plates (from dcohol) ;* v* sol. 
iloroform and ether, si. sd. hot water (Hesse, 

. 200, 246). Gives a nitro- derivative [06°]. 

B$naoyl der^vai^* 0^,(OBz),. [199°]. 
ilky needfts (from beA^); v. sL sol. boiling 
oobol (Dosbner, A. 210,^3). 

Methyl ether Cja,(OH)(OMe). [ 68 °]. 
!42°). Formed, together with hydroqninone, 
jr boiling arbntin with dilute H^SO,; formed 
Iso, together ygth the di-methyl ether, by heat- 
ig hydroquinone with KOH and KMe^O, at 
70° (Hlasjwetz a. Habermann, A. 177, 838). 
'repated by heating hydroquinone (2 pts.) with 
lOH (1 pt.), Mel (8 pis.), and fX}me MeOH at 
10° (Hesse, A. 200,254). Plat wldte needles 
liemann, B. 14,1989) or trimetrio plates. Not 
olatile with steam (difference {rom the di- 
uethyl ether). V. ool. cold benzend (difference 
rom hydroquinone). Sol. boiling water. FeCi, 
jonverts it into quinhydrone. It reduces hot 
imraoniapol A^NO,. Fuming HNO, dissolved 
n ether forms a mono- and a di-nitro- derivative, 
neltingut 88 ° and 102° respectively (Weselsky a. 
Benedikt, Sits, W. (2) 84,268).-0,H40MeH0K) t 
crystalline powder; insol. ether (Michael, Am. 
5»n7), 

D%-methyl ether C^ 4 (OMe) 5 p [66°]. 
H.F.p. 81,924 (0,0,-94,000 ; H,.p-69,000) 
(Sto&ann, J.pr. [2] 3% 28). Formed by boil- 
Ing hydroquinone (78 g.) under 960 mm. pressure, 
with XOH (93 g.), and Mel (234 g.) dissolved in 
MeOH (MahlhltBer, A. 207,262). Large plates. 
Beduoes hot ammoniacal AgNO,. FeCl, forms 
gninhT&one. ’ 

, Uono-ethyl O.H.(OEt)(OH). [ 66 °]. 

(34^). From the ethyl derivative ot the Sulphate 
of maio-phenol by boiling with water and ei- 
traoting with ether (Hantzacb, [2] 22,464). 

trom hydroquinone, EOH, and McI (Wiohel- 
liana, J5.12,1601). Thin platea (from water). 
Bl. aol. oold water; v. sol. hot water, aleihol, and 
ether. Slightly volatile with steam. Boiled with 
dilnta hydrio iodide and a little alcohol it forms 
hydroquinone. Cone. HI at hi^ ternwraturea 
oarboniaes it. Although hy^utoone totmyio 
sldabyda by Tiemann a. Eeimor’a methodjfjet 
•tlnl-aydroqninon* (14 g.) with (20 g.) 

water (86 g.) w oonveffed mto a di- 

o»yian»>“ aldeh^hBy running in ohloroform 

tiktr 

hydtMoinona, NaOHiand Biy^etaki, A. 216, 
W^Plataaj volatile with Iteam. V. aol. a\[ 


iAMhyl propyl ether* 0 ,H 4 ( 0 Me)( 0 Pr). 

From the mono-methyl ether, EOH, and 
potassiuM propyl snlphate. Purified by fra- 
quent distillation with steam (F.). Leaflets; in- 
sol. water, sol. benzene, ether, and alcohol, 
a Ethyl vropyl ether OA(OEt}(OPr). 
[ 86 °]. Pearfy plates (from HO Ac).. 

Methyl ieoputyl ether 
CfiAOU^iOCn^Vx). (227°-280«). Prom 
G 4 Hh(OH}{OMe), EOH, and ptiassinm isobutyl 
sulphate. Purified by fractional distillation. 
Heavy oil, with aromatic o^ur; soL benzene, 
ether, andedoohol (F.). 

Ethyl iifiohutyi ether * 
C,H 4 (OEt)(OCE^Pr). [39^. Lamuui (Fioln, if. 

Propyl iiohutyl ether 
0,H»(0Pr)(0CH^). (246°). Oil. 

Di - itohuiyi ether C,H 4 (OCH,Pr)w. 
(262°), Formed by heating hydroquinone with 
kS 04 GH^ and EOH in sealed tubes at 160°, 
being isolated by distilling the product with 
steam (Schubert, M. 3, 680). Leaflets; insol. 
water,* 8 ol. alcohol and ether. Chlorine forms a 
di- and a tetra-ohloro- derivative, together with 
tetra-chloro-c(^inone. Bromine forms a di-bromo- 
derivative as well as tetra-bromo-quinone. A 
mixture of HNO, and H,S 04 forms a tetra-nitro- 
liderivative. All these derivatives are orystallina, 
insol. water, and sol. alcohol and ether. 

Methyl isoamyl ether 
O4H4(OMe)(0CH,.CHgPr), (2l4°-237®). Oil 
(Fiala, M. 6.910). » 

Ethyl isoamyl ether 
C,H 4 (OEt)(OCH,.CH,Pr). (262°). Oil. 

Benzyl derivative ^HjCHy 0 .C,H 40 ^, 
[122‘5°3. Formed from benzyl-arbutin (u. AiiBtj- 
tim) by boiling dilute H 2 SO 4 (Schiff a. Pellizzari, 
A. 221,369). Formed also from hydroquinone, 
KOH, alcohol, and benzyl bromide. Silvery* 
scales (from water). ■*V. si. sol. cold water; 
sol. alcohol, ether, an^ benzene. 80 I. KOHi^. 
HNO, forms a di-nitro- »ierivative [137°]. 

Di’bemyl derivative C.oHi, 0 , i,e, 
C,H,(O.C,H,),. [130°] (S.«.P.); [128°] (Colson, 
Bl. [3] 1, 847). ^rom hydroqpinone, KOH, 
benzyl bromide, and alcohol. Table#(froiia alco* 
hoi). Insol. water and KOHAq; sol. Iftnzefio, 
ether, and ohloroform. Cone. HNO, dissolv||i 
it, forming a nitro- deriTOtivo JiystalliBing in 
lemon-yellob needles 0,,^„(N0,)O,. [85°] ( 8 . 
». P.): [78°] (0.). 

iromotphUyl «f».rO,H.(OH)(OOABr). 

Formed by the action of boiling HBr on a solu¬ 
tion of p-diazo-phenol sutptate: 

(ij CJa,(OH)N,SO,H+HBr 

(ii.) aH^OffiBr + Cja.(OH)N,aO,H 

- CJi,(OH).6.0,H,Br+H^O, + N„ 

A pungent oil. ^ 1 . alkslis, aloohol ane^thor- 
Its oonstitntion it somewhat doubttal,%a it* 
vapour density ha* Itot been taken (BShnwr, 

,ior.[2]24,47S- , 

Amno-, Bitoxo-, OmoBO-, lono- 
and NrtBo-. H'n)wmoiiio*i. _ 

Dibvdroquinona «. Tam^nr-nivRiwn. 

* lamBOftinHOHS oAijriwwMi), Aam 
]>i 8 >n-a*i»oia aop. 



HTDRtJQtnKONB OA^a» 


m 

ByltostiacB* 4i.««rtoiyll« Mii v. Di-on- 

nauHTBuic MOh 


nitb KOHAq Wei, A. srai, oa; y. »». 
4S8). Rut. P*l« yeflo'*. need'®* (oonlammg 
m). V. aol- hot watet, tte joUow aolution ex¬ 
hibiting green fluoteaoence. ^eCl, coloara ita 
Bolntion wne'. Nitrie acid does not act on >t in 


: lAlV AVAV* 


powder, •intol. nU ordiuiw ■« jit* 

I»n 

<»^s.s£‘i'ssM:o. 

oor 1 Formed by bedteng hydroqnmone-pbthal- 
ein lot 4 hours with lino-dust and aqueous 
N aOH Crystaihses trom benzene in largo tables 

(containing C.S.). H 

colourless. H.SO. forms a ted liquid, wl^^encs 


mbitinft flTe«n nuorewm^. wwa..- — ' , , - itigo. forms a red liquid, wnence 

BolQtion Nitric wid does not gives an olive-green flocculent pp. of hy- 

the oold, but on waning ^mplete dr^uinone-phthalidm. which diesolvos m ether 

MJssanM filiTnmie acid l^haves in like manne • _viviirnnnmnnfi>t>hthaltn 


ooeun. Chiomic acid behaves in like maimer. 
Na.A*»: chaiacUifttic taint yellow prisms, V. si. 
sole NaOHAq.— yellow flocculent 

up. The lead ealt is a light yel^granular 
pp. Thebatiem s alt is a pale yelloW granular 


water gives an oiive-groen uoucuic... rF- — “v 
droquinwe-phthalidin, which dissolves in ether 
with green fluorescence. Hydroqninone-phthalm 
readily jields the corresponding phlhaleln when 

treated with oxidising agents. 

tDi-neStyl (isr4wnltvsC-,oH,aAc,Oj. [191 ]•< 

Colourless prisms (Irom MeOH). 

Ethyl tther Et,A''. [128°^. Formed by c.i^OfSo.H.” Prqp^L by hca«ng hydro¬ 
treating a Bolntion o! quinone quinone (I pt.) with 8 Tpfo- o* ^SO, at 60 for 

eito h) HOAo with zinc-dust (^el). Sale !} hours (Sey^di B. 10, 088)^ CrystgUino solid, 
yellow needles,». sol. alcohol, ether, and HOAo, ^ colouration with Fe,Cl,. By fusion 

Lie solntiona exhibiting blue fluorescence. jj^qH or by heating to 180 with aqueous 

CrysUUises in two forms. *•“* “onoclimc, viz.. ^leoholic-NH, the HSO, groqp is ohmmated 

lU a:6:e-2-8e8:l:3 060; S“«V. ^'it! as sulpfiate and hydroquinone regenerated. 

o-6x-l-790:l:3-321 j fl^dl^SS (Groth). Us Salts. —A'K; long monoolimio crystals, 
alcoholic solution is coloured bluish-grjen by .j,.^_.9B.i.2.225fl; 8 ^107“ 23'; v. sol. water, 
Fed,. It dissolves in dilute NaOHAq. HaOht aioolipl’, reduces AgNO,.—A',Ba: amor- 

give? a red colour. Nitno acid (S-H- J "*) phou8powdA,sol.water.-A',Zii 4aq; concentric 
o»dlB«s it to quinone tetra-carbi/xyUc ether. v aol. water and alcohol. 

JSinc and Hd reduce it to the following body. Hyaroquinone dlsnlphonio acid _ 

Dihydrtde of hydroquinone tetracar^xylio ,1 c.Il,((ftl) .(SO.H), Formcll by lei"!® 

•th»rC;A 40 ,.»A-CA(OH).dCO.^t).-p-CiA<ifo- aJiJ'with fuming H,SO, (Hesm, X. HO, 195). 
wuihplenc Ulracarboxyltc acid. (144 (.Formed | j. f„p, y_ gol. water and alcohol, 
bTjding zinc-Aost (10 g.) and cono. HCl to an „( Ua alkaline salts give a ^eP 

aleoholio solution of the preceding ether (2 g.) ^oiou, Fed, and reduce AgNO,. Converted 

(Nefl. Colourlees needles or prisms (containing | . 

saq) the hydrated oondition it i3 v. soK . j, 

■lynhol aod ether 


4a8t (lU ga) ana cone, xxvi «« , g^,i„t,ons of its alkaline bujih ** 
op of the preceding ether (2 g.) „oiou, ^ith Fed, and reduce AgNO,. Converted 
ess needles or prisms (containing | .^j„ q„i„izarin by heating with phtbalic tod and 
hydrated oondition it is v. sol. . jj _ K,A"lloq: prisms. — CaA .laq. — 

er;<n theanhydrouscondition It jj^^-qaq-. monoolinio prisms, m. sol. oold water. 

r soluble in these liquids, ‘ta 


STtat slightly soluble in these liquids. Us 
■olntfons Sow feeble blue fluorescence. lU 
ScohoUo solntion is coloured cherry-r^ by I ed, 

.Bromine added to its solution in CS, forms 

hydioqninone tetia-carbo.ylio ether. It reacts , ^ »»ioo>.u0“ (8e);da, tr. lo, ouu,. 

Sto^ienyl-hydrazineaqdwithhydroxylamiiie, | , ^ heating potassium thiochroma^ wth 

I^on '“™^eta”h7dl“ -ter oL 135» (Gracbe. ^.146,^. l^ng <1^; 


• V .—j • r _ 

moDOclinio prisms, 

I-“A*'(PbOH)y. , ^ ^ ,, 

Hydroquinottc-dl-iulpbonlc acm ^ 
C«IL((OH),tSO,H) 3 . Prepared by hydro- 

aiinone (1 pt.) with 6 ilts. of fuming H.^0, for 
1 hour at IW ’-110° (Scyds, H-1®. 090);^ Formed 


kUlB --- 

written C,H, 0 ,(TOcEt), ».«. , 

qainone tetra-carboxyVo acid. Hence hef sug 
getU that one of the two trystallme forms in 

whicll^obi^ed hydroquinone tetra-carbozyho 

Surtax be the di-hydride df quinone tetra- 
eutiozylie ether C,H,0,(CO,Et),. .v-nw 

T*rDB0«lllMiaf¥ CARBOXTUO AMSr- 
HTBX «. Di-oxx-WK^oio suiaBTO*. “ 

HTDB0®in*0lX-0I|^8Il>X V. AnBurra. 
grXHWQPmmt Jt-PAxH AFK lX i.c. 

co<T>°<§Sl^l>°' 

anhvdridAl nMl*) and A quantity of §nCl, equal 
* to 18 rt****° the weight ol the mixture^e whofo 
l^^^idat 1SB“ for 18 hours (Gtiiuin, B. 
?^fS^raiid,aU. W 

. H'SiSS»2i““S2S!fi 


‘’® i water“iti36° (Gricbe, ,1. Utk'i^. Long deli- 
I quescent needles. V. sol. 
ether. Gives quimzarm when heated with 
phthalio acid and H,SO,. . • 

8alA.-A''K,4^; long^jirismB, Bol..hot 


water, si. sol. cold water, insoi. alcohol. ftCl, 
eolonrs its aqueous solution Hue. It mduoes a 
boiling solution of AgNO^-A Ha, - white 
amorSous powder, sol. water, insol. alcohol.— 
A'Baa)^: glistening needles or long pnsma, 
sol. hot si. aol- cold, water, mao. aleoboh- 
A"Zfe 6aq: concentric needles or long prisms, 
sol. hot wster. . . ’ , j, 

HydroqntiiAs dl-sulphonlo sold 

OJftlOHUSOjHl- Ftouip-diaso-phenol disui- 
pS «id (jilting. A. -aie, SS9); ^s not 
oSlise. Gives ?rfta jrA a violet colour. 
SduS?AgNOr BaC 4 sS»b(OAc),pvopps. 
sol. HOAoAq. 

'’Hydriq^jns2ii*nl?fc«8f•*•!*- S**"** 

Bulphonating ths dl-mstiiyl **^rS 

;5Sor^ttlof.B-18.167§). Ooloarisss doU- 
qnssosDt aasdlsa. ▼. •. 8"^ rieohol,^ 

bsol-otbM. 


7 f 



HYDTOXONIO ACn>. 


L^Ba: white amorphous powder, v. lol. water, V. e. Sol. water, alcohol and ether, m. aoh bena- 
naoU a\eoho l."~A *ZQ; telted needles. endl pxidised readily to toloquinose. Iw 

]ni)BiO&KT£V£Q,TJl]IONE v. Rktkk*. aqueous NaOH it forms a bluish-green solutiw, 

HTDA080KBIC AOIB o, Hexbnoio aero. turning dark brown. Its ammoniacal eolution 
HTDBOSBLPHIDSB. (^tttohoHt/draec«.> turns brown in ait. FeCl, gives a browme^^i 
Compounds o! an element or radicle with hydro- colour. Bleaching powdet gives 
gen Md Bulplint. The name ie eometimes re- colouration, tumiig orya- 

etrioted to those compounda which on account 1 arutoe.totmmgOA( W I ^^t«r 

umhahW contain 4he group tallisea m small white plates loo „ 


tiki, me nyorosuiiiuiuBB —- -- in like manner -- 

logues of the hydroxides. The nam* l^atalUainR in pearly plates [90°]. . 

ran™ uos live di-methyl ether, oy ue»« » . /anuts.! and 


waier w*w» » o»An/a*- 

hydrosuirtiidea aie 

_nnlvaViidAA 


:riphid;.yftrmeai^^^ 100». Fiates. no.- 

«iSiehyiostdphide» ha,^^^^^^^^ f^tciu^’olatile »ith steam and 

for instance, oombmea with classes Oxidised by chromic Mid ^ ® i“’i„^hin, 

Aa3M..S. and As.S,.2M.;S; tlte C Hy,. re- 


—- - Q CT nr AsS SH. or uucca vy - - benzene in slen- 

salts would be As..©,^ or A ^ C H, 0., which separates from d - p rr ^ 

compounds H.BH And Yswni. ^ and C,.H,,0| [2id J. 

sulphides. CaS H„ BaS ,H„ are tew I fiom alcohol in pla.tea (co g 

sitl-rSS 

HYBBOgiaPHOCTASIC ACID ». Cs«io q„i„„„e sol. alcohol Ld cth«. 

<-A“^l?WlOACXDo.H,dridss 

C4H*M8(C,H,)(pH)r V ^ go, (Carstan- jignivATivES. • , , ^Umeni 

by red«cmg*^7®^'**y®., ^ X. 101,121; wydKOXIDEB. Comfounds of an 

a'y®.S^iws 


"rr.ttToTrH.'.^ST'f; 


““iss,?jsSfl.* ™ 

formin# » _ j hydrolhytnoquinoriS. 1 gyDKOXOKIO AOI? t 

imBOTIO Ji|B 8 OjHiNO,- X _ 305)« 1 potasw Heavy orystalhOT powdj 

rmun or HWUr _.riyi^ ti*i«-b twdhaf 


oeonniDR inpi 
Bol-alcohoh^ 

BXZA-BT 


^.ioiwn® «. Toh”*** 


fMi'l. <»• •• Mduoing tolaqninon« needl^ «• 





snrDRoxoNi^ kOtb. 


nirtlalllii* pp. - llgA''4»9. - PbA" IJaq. - 
AggA^Saq; arrstalline pp. 

SISKOZy. COXFOVHSS «. 0XT.» 0k- 
to naiie. _ 

BTSBOXn. The ndiole OB. T])jb gfeop 
ooenn in alcove and in moat acide. Ita pre- 
tenoe in organio oomposnde ia ahown bp the 
loUowing leaotiona: 1: Sodium giree o& hpdro- 
gen. — 3. Sine oft ethane (Japp, 

0. X 87,68S).-8.lP(S(|Si»»8 oft HCl.—d. AoCi 
and BaOl reaot, g^elkig oft HGI, and forming 
aoetpl and benao^deiivativea of the enbstanoe. 
8. Ao,0 and Ba^alao form aoetpl and bemfopl 
dmiaatiTea. The nnmbet of bpmoxpls present 
may be determined by saponifying the acetyl 
deriaatiTe aritl^ standard alhali, and tiCrating the 

S rodoet with atondard add (Sehiff, 6.13,1532). 

aekion a. Bolfe (dm. 9,83) piyfer to prepare 
thep-bromo-benzoyl deriaatiae by means of p- 
biomo-benaoyl chloride or anhydride, and t}ien 
to determine by analysis the percentage of brom¬ 
ine in the pnmnet_6. According to handwehr 

(B. 19,2736) if a sabstance ia added in excess to 
15 o.e. of a aery dilute solution of ferric chloride 
(prepared by adding 3 drops of a 10 p.c. solution 
of FeCn, to 60 0 . 0 . of water), the production of a 
■niphur-yellow coloni denotes the presence of 
hyoroxyl. 

Hydrogen dioxide has sometimewbeen termed 
bydroiyh 

KIBBOXmXnni NH,0H. {Oxyam- 
moiria). This base was prepared by liossen in 
1865 by rednoing 0|H,N0, by the action of 8n 
and BClAq. It is a p^nct of the reduction of 
nitropanmns snCnitrolio acids, of EDIO,, HNO„ 
tome nitrates and nitrites, and is also produced 
by the union of B with KO. NH,OH has not 
bean isolated; it is^own only in aqueous solo- 
tia. 

Formation —1. By the partial rodncKon of 
ENO„ by Sn and certain other metals with 
HOlAq or H,SO^, or by an acidified solution 
of SnCl, BiTers (0. J. 4^ 443) and Divers a. 

- ffiumidxn {C. J. 47, 597^ have examined the 
leaotian of Bn, Zn, and some other metals on 
HNO^ in presence of BCl or H,SO,. They 
eonclnde that NB^Oii is a product ol ^e inter¬ 
action of both acids »m th^metal, and that it 
is nc4 by the reducing action, on the 

BBOn « l^dtogen formed by «he reaction be¬ 
tween flia metal and the HCl or H,80, present. 
BH, is formed along with BB/)B; according to 
D. a. 8. the NH, is sAroduct of the tsaction be¬ 
tween^ metal andKlO^ Ton Dnmreicher(3f. 
l,734)tonnd that SnCl, in presence of BCl reduces 
■ HBO, to NH,OB; Diners a. Baga (0. J. 47,623) 
find that if sufiSoient wi^ is present to prevent 
reaction bgtweeif um BQ and BNO, no 
OB is prqmoed; the Sn(^ thnsrappears to 
ith n fMuot of iCie interaction of the 
Wo acids,^9. reducing MBJiO, by Sn and 
HOUtriUaomend, 0. R. 70,14^; or MaND, by 
dte sum reagents (Donsih, W. A. B. [3nd part) 
75,666).—8. By rednoing ){0 bgr pasamg it into 
Bn and HClAq, or by reaefton ^tb Snai,aod 
HClAq (Ttm Dnmrsiqhn, if- 1 , r34; Dtrers,^' 
Bags, 0. /. 47, 638). ^Acoording to D. a^ 
tkiN is no astion between MO Mid addided 
BbOL sdatjott at 100*^—4. By ths aetion ot Bat 
<'fMldHai,«{hrC^ittKQUA«B(VH^Oa(Doasea, 
rA'tD 1, By tedoaiflg ndona aiiw- 


paraffint'by Sn and BCl (Meyer a. lioobef; B. 8, 
315); also by reaction ol nitroparaffins wi^ 

H, SO. (Preibisch, X pr. [3] 7, 480 ; 8. 818; 

M.%. Ii. la.).—8. By reducing nitrites of K ot 
Ma, and some other nitrites by H^ (Divers, 
0. X 43,464; 61,48^^—7* By reaction of cone. 
BClAq with fulminates (e. p. 817, Boactione 10 
•andlfl. . , 

Preparation.—1. A imxture of 120 grams 
OjBjNOb 400 grama granulated tin, and 800-. 

I, 000 oc. BClAq S.0.1'18, to which are added 
about 2,660-3,000 on. water, is placed in several 
large flask^; action proceeds wi&ont beating; 
the flashs are shaken from time to time; when 
the adtion mases* the contents ot the flasks are 
miibd, at least an^qnal volume of water is# 
added, and the Sn iVPA'i- by passing in H,S; 
the filtrate from SnB ibcoubentratgd, at first 
over a flame, then cB me water-batti; MB,C1 
separates ont, then a o&mpound*ol NH,C1 with 
Snd,; these crystals are lemoved; and tbs 
mother-liquor is evaporated to a small bulk, 
when crystals of NH,0H.HC1 mixed with NH,C1 
separate (tUb mother-liquor contains various 
compothds of 0, and chlorides of Be, dtc., de¬ 
rived from the HCl or the Sn used). The crystals 
are shaken wit)^ a very little cold absolute aloo- 
bol, the liquH is pound oft; a few drops more 
absolute alcohol are added, and again poured off; 
the crystals are now kept in contact with boiling 

Lab^lu^ alcgbol until they, arc dissolved, the 
liwd is filtered hot, and (while still hot) enough 
PKll, in alcohol is added to ppt. the MB,01 as 
2NH,Cl.FtCl,; the filtered liqmd yields crystals ol 
pnn MH,0H.HC1 on cooling; by evapomting the 
mother-liquid a further yield ot or^taly is ob¬ 
tained ; these should be recrystallised from hot 
absolute alcohol- About 47 grams HH,.OB are 
obtainable by this process from 120 grama 
C,H,NO, (Lessen, A. Suppl, 6, 2^, To pre¬ 
pare the CJH,NO, for making N^OH, 400 grams 
HKO,Aq S.0.1-4, which have bwn boilcd.lor a 
few minutes with aboht 7 grama urea nitrate 
and allowed to cool, are mixed with 800 grama 
commercial absolute alcohol; grams urea 
nitrate ike added, and the whole is distilled from 
a tubulated retort until from } to } have ^stilled 
over, when a funnel with glass stowock is placed 
in the tiMns of the retort, and a freshly pn- * 
pared mature of 400 g. BNO|Aq with BOft g. 
alcohol is allowed to flow into the retort, 
drra by drop, while disBUation proceeds. The 
CJli,MO, thus obtained ia washed with water, 
and thencused at already described.—3. Ton 
Dnmreioher (Sit*. IT. 660) reeommendt 
the ledoctian of Cl,H,JfO, by a solution of 
SnC2, in HOlAq; about 90 p.c. ot the theoretical 
yield otMH,0^ is thus obfained. CI,H,MO, ia 
mixed with a solution of SnOL in cono. BOliq 
in the ratio almiini by the squa^ 

Oim^Oa + BBuCUgAfiBOl 
- M^5h -I- (SaO- fwlci,-b B,0 1 
alcohol is aoM to at to nlit a homogeneout 
liquid, and after a Uttle Iht wbott it gantly 
waisntd untilallttltaf fltoUqaidgivttatltar 
b witlriSA the Bl ia tMtoyed ^ KPn. 
.1, tiw uttMt la tta]K»aitd and tetateS 
aadirt^fnl. Ini^ of the tedidaa ptoetti 
m- 3SA •!« loaf-eontinoed nt» 
KioSm ot thalteati^ T. U^(9M 



MYDIWS^yLAStraE. 


Ib 4to add axosaa ot Ka,00„ to fflter aolntion ot NH^H than NB,; ' 

tom Ika pp. trbioh coQtains Sn, and also Fe, Oa, numbers are [«3’,0,Ad“ 24,290; 
toiprosant as impurities, to oarelullj»ooidily ■^,820; similarly with % hydroMWdto 
aitb HOI, and evaporate on the water-bath i by [nJi^iOI] “ 76,610; [N,H*,fll]" 76,790 (T'A 2* 
Mating the residue with hot absolute alcohol, 84)» 

iltering from NaOl and*NH,01, and cooling, As lfH,OH cannot be gasified its moleetOaf 
sryetals ot NH,0H.H01 containing only about weight is unknown. Iiossen has, shown mat 
10 p.o. NH,C1 are obtained. These crystals are. there are three isomerides ol the form NBKOB, 


■uffloiently pure lor %io8t purposes for which 
NH,OH is uaed.-8. Ludwig a. Hein (B. 2, 671) 


and three ol the form N1^.0B, where B is one 
monovalent radicle and'l^ is another monova- 


pass NO (made from HNO,, H,SO„ and FeSO„ lent radicle. It appears then as il each H in 
and stored in a gasholder) throngh a series of NHjOH were differently related to the rest of 
bottles ooniauung Sn and odno. HCULqi to which th® molecule from the otlcar H atom: ths 
a UtUe PtOl 4 has been added; the dissolved Bn formula NH,.0H, however, shows two H atoms 
is removed ppn. as SnS; t^e rest oif tho pro- similarjy related to the rest of the mol^uie. 
oess is as described in Is ^ ^is reftction some This fonmua.is confirmed by &e productioi^f 
H is always produced, but N^O is not formed hydroxylan^ne by reducing nientes {NO,.OH), 
pivers a. Hager, C. 623). If air is ex- and by the general reactions and oombmations 

eluded no WH, is pro^teed according <b O. a. H.; of the body. M the molecule of hydroxyUrm^ 
bat Von Dummioher (Ak 1, 724) says that NH, is represented by the formula HO.H.,:N—NHy OH, 
is formed hy reduction of N^OH by the SnCV th^existence of all the observed isomeric deriva- 
4. NH,0^8 not economically prepared by the tives is accounted for (o. HroBOXTLiuiKB nani- 
dnotion of HNO,. In one case,however, Divers vxtives). • ix 

itained fully »0 p.o. of the HNO, as NHaOH DeUetion and iBstimafimK—Traces of wits 
?. /. 48,445)T in this experiment 68 . cone, of NHpH ppt. Ca,0 from fairly cone. KOHAq 

ClAq were mixed with 5 0 . 0 . HNO,Aq8.G. 1-42. or NaOHAq to which • ^ 

id the mfliture was at once poured on to 35 g. has neen added (Lossen) pNH,O+40uO 


of COj, the =.N,O + 20ujO + 3H,O]. NHjOH nmy be esti- 


»k being placed in cold water. If this method mated by titatiou with standarf I, in presence 


anulated tin in an 


employed the liquid must he kept very do 


of MgO a*ed to neutralise HI [2NH,0 + 2Ij 
~N,0-tH,0-b4HI3 ; or by warming with solu- 


dedlyaoidthroughoutthereaotiogi aboat5-6g. tNiO + HiO+PPJI “ tul 

LSO, (supposing that acid to be ♦sed^shemldi tion of Fe,(SOJ, to80 -90 . a^determmingthe 
^ . r__«/\A >cncAva-af fApmiift imn hv Standard KMnO.Ao 


himidz]^ 


repared as described, (L) by forming the sul- green pp., oec 
hate, by evaporating the other salt witt an pj^s.; the pp. 


30, -b 2H,SO, 4 4 H,0) 

, B. 10,1940). • 

—1. NHjOHAq reduces many me- 
Bolntion; CuS0,Aq gives a grass- 
Qoming reddisS, on boiling Ga||9 
i. in the cold is sol. in excess of 


qM qraTtHy oTH^SO^^Tnd NH^OHAq.‘access of air to the solution causes 

Im alcohol. .nd(u.) bydeoomposifgthe sul- l^row^^ 


bate' in aq 
uantity ot 
tom fiaSO,. 


HgOl^Aq i 


an aTaline re«tiom lo'fati^STSfflp 

6, 236). In these re«,tio,, 


>y &UH in aioonoi, rOUUWJUa «*uva aaaaa^-v 
. fan NH-OHAq produces pps., ^oL excess, 
n adutioni ol Zn&„ NiBO„ FeCl,, fium, Cr- 
awn, and Pb acetate; pps. >n “o* 
tom lalta of Mg, Ca, Sr, Ba. NHjOTAq 
ia nnatoUa, it i» .decomposed by KO^q. 
DEiOEAq ia diatinetly basio; fc reaotiona 
it reaembles 

irith Hm aoida to form aslta MJf|Ph MrH,SO,, 
to.. vAan M^NHsOP ot NHiT^&eheat of 
of MBTOHAq ia oMai^erably lesa 
£J^!a*of NH,4^)miomB8n (^ 1. ^06)?™* 
ttMaa Bombata; ^HH)HAq,2H01^^ 18.6^0^ 


rnTiri:o:.*n>ikd 


ilBL in •ijWO ofid W,160 —^ with^evolution oi «»ixix» »no » uiun 

qoioklyJ^Soae. N^H 


docod if aoC&B of air is prevente#-®. Timind 
acid slowly mduc%NH^H to m 
(Lossen); ^icording to Divers a. Haga S& 
\r^A Kftt none. HOlAo have hardly any aooon on 


^^Svolution ol N, Nfi» 


B «6MW«fcbly diflmm ^ 



. w ... a-__A *m v.sM\r,tiAAfi in iiUB < pnanii wv - • s~ 9 S L 
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nYDROXYLAMlSa 


TSB 

•alts to F 6 S 04 ( with ovolution ol K,0.>-7. Oon* 
tact with line, in alsenoe of acid, decomposes 
N^OH and its saltr (Divers a. Shimidsu, C. X 
477^97).— 8 . Sodiam nitrate causes evoluJ dogM 
K «0 fr^ 2 HH, 0 H.H^ 804 A.q; dilute aofu^ns 
of ENO. and 2 NH^HJS ^04 only reapt tihen 
bmled (V. Meyer, C. C. 1876. 620). 

Comhinaiions.—HHfOHAq oombinea Hith 
many acids to form salts. In these reactions 
KH,OH behaves similarly to ; Um acid and' 
base eombind, and thd salt is tne only p^uct 
of the interaction. The salts of have 

the omnpoation BAj B^h B.,A]ii, where B 
Ai» monobasic acid, A|t»dib&sio 
add, Ara~tribaaio acid. The salts of KH.,OH 
erystallise without water; they are eMily de¬ 
composed by )|eat, generally with e^'blattoQ of 
K and K,0. The chief salts ^re acetate 
KH^BLOsH.O,, crystallises froi% warm absolute 
al^bd; hydrochloride KH..OU.HC1, crystallises 
from alcohol or water, melts at 100 '^, and tiien 
decomposes violently to N, HCl, HjO, and KH^Cl. 
y. Meyer (B. 15, 2789) says that the presence of 
10-16 p.c. NH 4 CI in NHjOH.HCl is not objec¬ 
tionable for most purposes for which the salt is 
used, and that the salt is perfectly stable when 
it is mixed wi^ some KH 4 CI. If, howeArcr, it 
should contain any HCl or FeCl, the whole of 
the HH 4 OH.HCI is slowly changed to NH^Cl. 
Nitrate HH,OH.HNO„ easily soUin absolute 
alcohol; phMphate, NHpH.HjPO,, separates in 
Kindi orjj^tals on mixing dilate solutions ofj 
Ba^HFOi, and an easily sol. salt of NH^OH; ‘ 
eulphate 2 N^ 0 H.HaS 04 , very sol. in water, ppd. 
byakohoL Me^ingh (B. 10, 1946) describes 
some double jalts: hy<Woxylamine alum 
( 2 NBLOH.H^ 04 TIA 4 (S 04 ),. 24 H, 0 , and a chrome- 
alum <2NH,0H.H-80J.Cr,(S0,),.24H,0. and 
iron atum (2N9,0H.H^04).Fe,(S04),.2iH,0. 
!fheae double salts are formed in octahedral 
erystals by wdiing cone, solutions of their consti¬ 
tuent salts and allowing to crystallise; the double 
rsalt ( 2 NH, 0 H.H^ 04 ).MgS 04 . 6 H 50 was obtained 
by ?n»iting solutions of constituent salts. 

M. M. P. M, 


Mitian with NaOH, li« mixed iriih bemt^ 
chloride (S pte.) in the odd, di-benxojri'hldttajfr 
amide,separates vfaUe the benzoyl hydzotyl. 
amine which remains in solatioh may be 
as £a salt by baryta, and then Uberatea by 
H,SO, (liOBsen, i.. 161, M7). Trimetrio platea 
(Irom aloohol); ad>A-i-S56'.l‘.-S3I (Kdn, i. 
166, ISO). M. soL water, v. e.. sol. uoohol, el. 
sol. ether and Gg„ insol. iMnzene. Decomposed 
somewhat nolently by hSt. Acid in reaction. 
Boiling dilate HOI or H^SO, split it up into 
hydroxylamine and benzoic sold. 

Salta.—BzNH.OK(BzNH.OH): trimetrio 
prisma or plates, m. sol. warm water, si. soL 
alcohol.. G^stallises from an alooholio aolntion 
oven In presenoo of exoese ol oanetio potash 
(BzHH.OKa)(BzNH(OH) Saq; plates. Bffloresoes, 
in dry air. Its aqaeoag solntion gives white 
{ pps. withaolntione orC^O,.alam, MnCl., and 
j lead nitrate; a neatly white pp. with. GnSO,; a 
green pp. with ohromtf alum; t whitieh.g^n 
pp. with NiSO,; a peaoh^jotoared jp.wiut co¬ 
balt nitrate; and a yellow pp. wi& meroorie 
chloride. All these pps. dissolve in eioees. 
Silver nitrate gives a white pi^ insol. excess, 
and rapidly blackening. FeOl, givee a dark-red 
pp. dissolving in excess with forajption of an 
intense red eolution. This oharactenstio coloura¬ 
tion is dcst^^d by oono. HClAq but reappears 
on cUlutionV—Ba(O.NHBz),: minute needles, 
formed by neutralising the acid potassium salt 
with ammonia and ppg. with barium chloride. 
—Da(ONHBz),(HONHBz),!'crystaIUses in small 
ifisms, together with free benzoyl-hydroxyl- 
amine, when the nentral Ba salt ie decomposed 
by an insulBcient quantity of H 3 SO. and the 
filtrate is allowed to evaporate. V. zh sol. 
water and alcohoL—Cs(ONHBz),: antorphoua 
pp.—Zn(ONHBz),: oryetalline pp. 

Ethyl tther o. Elhyl-hyiroxylamin* 
(infra). 

Di-btnioyl derivative Bz,NOH. iK- 
bmihydromamic add. (168°] (Steiner, 4- 178, 
226; cf. Heintz, Z. [2]r6,733). Formed By the 
action o! BzCl on hydroxylamine or on b^oyi- 


HTSBOXTLAjnHf 'DXEITAT1TE8. Ily.' hydroxylamine (Dossen). 'Forms^ aleo fa^'treat- 
dxoxyiamine is a very important reagent in or-! ing nitro-ethane with BzOl and extraotmg the 
ganio chemistry, since it reacts with aldehydes ■ product with boiling, benzene (Kessel; Bl. [ 2 ] 88 , 
and ketones with eliminatiw of water, forming i 171). Needles or prisms. St. sot water, cold 
the oxihu (5. Meyer a. Jaimy, B. 16,2783; 16, V alcohok ether, and CS„ m. soL hot aloohol# 
Itg) « I almost InsoL benzene. Acid to litmni. Deeom- 

B.CH04.H,NOH-.ECNOH + H,0 poses violently when heated above its melting. 

• B.COH'-t.H:NOH-BB'CNOH + H.jO. <■ point, farming benzanillde phenyl oyanats. 
The oxims are also cdUed isonitroso-.compounds, I HOBz, and 00, (Pieeohel, 4.176,806). Boiling 
and arc frequently inSerchangeable with nitroso- j dilate s^ds split it up into hydroxylamine and 
eoinponnds.Thus,nitroeo-phenoliaidenticalwith i-—ss 


^a SDono-oxim of quinone; anfi the oxim of pyr¬ 
uvic add is identical, witt B-nitroso-propionio 
acid. ThatM^ion oi hydroxylamine on ketones 
soinsthnes depa not take place'wbenghere are no 
hyiuogen^t&u attached to the carbon united 
with tbs euMayl ^erzig a. Zeitd, B. 21, 

*^^^otldcbydas react npoa hydroxylamine in 
fhSCtnM manner as ald|mydes, prodndng tbs 
tarns eoiDpoands. a . . 

. lUnfl dsrtvstlvps of hyd^lsmtos 
Bsnsntrl dvrivalifit BxNH.OH. ^wis- 
diyinaamh add. CU6°]. 8. 84 ^ 

bydrazyitmins bydroohloBis (1 pt.) bs dittelvsd 
. ..e enintlan. idtsr nsutrali- 


benzoioacid. Boiling baryta-water forms bsnzoio 
ad^ and benzoyl-bydrozylamine. FeOl, dots 
not colour solutions of dbbenaoyl-hydroxylamint, 
but in neutral «lations U givas a redditb-ydiotr 
pp. A solatidb of the E salt gives whits pus. 
with nitrate of Pb, Ag, and Oa,witfa HnCl,, wth 
ZnSO, and Xlfth OdSO,; a blaiab-green pp. with 
chrome alnm; and an #u^e-grean pp. with 
NiSO,. Unlike mano-bciu4p-bydroxylamint it 
gives no pp. with salts of tbs al fc alin# sartbs.-*- 
B^OS: thin psady j^atss (ftsn tlcobol) or 
minats six-sidsdatsblastVdseanipMMd by hot 
pater into potauMm bduoate, df-ytoyl-iiiea, 
and CO, I and by MdOH into benM^^VdiMj'i- 
amine and HaOKi,—]Ss^ON(r-'(Bt|^)^ftr- 
.3*.N0A». ^ . . 


HYBBOXYLAMINE DEMVAXIVEa 


w 


Trl ■ btniofi iirivativ* Bz^OSz. I water. - 0.p.(OMo)NH.O.PbOAo: pnlrerulent 
Voond tmong the prodnots of the aoUon of 1 pp. podges, A. 182, 218).^* 
beasoji blonde wsoWed in tolaene vdii dry | ^ bi-aniiyl derivativ 
hydxoxylamine hydrochloride. ItU also formed 1 ((lKiOMe)00),K0H or # M4<am 

by henting Bz^OK with BzOl at 100®, rfter- oSTOMe).CONH O.C,H4(pMe).CO, EIW- 
wards removing excess olBzCl with ether, and 1 Keeme% v. al. sol. ether, insol. benzene. 

KOI with water, uid omtal^Bing the residue 1 nprlqr boiling baryta-water into amsio acid ami 
irom alcohol (Lossen, A. 161, 860; 176, 282, | anhiriiybydroxylamine. 

299; 186,8,84; Steiier. X.178,225). ItooourS*! mnsoyUaniayld^rivativt 
in three modifications, and is beet psepat^ by i Bz5^.0,pQ.OgS4.0Me. fl82®]. ^ Fomed by 

drenching 10 pts. of silver di-benzoyl-hydwyl- treitog benzoyl-hydroiyiamme with ^syi 
with 80 pts, of dry benzene and ^£ung ohlotlM. Needles or pnsms (from ®v* 
4 pis. of benzoyl chloride diluted with 8 ptf. of Sjjit up by heating with bap^te-wateri^to^BW 
benzene. The mixture graduaUy separatso into acid and benzoyl-hydroxriaSnne. 

“pp and a Uquid; the pp. is washed «th ette ziom .alt k spUt up by bo.lmg 
Whjoh take, np chiefly the (ef-modifioatio'b. and I aoid.5.di-T*enyl-urea,and<30r ^nzoyl-amsy^l 
• than with bouing alcohol whioh dissolvei the 

..«> _a /.A _d-fs/TAtViar tutfiVt ni. 


(8)>and ( 7 )-modificatj^p|, together with di- 
benzoyl'hadroxylfmis#. xhe alcohol^ solution, 
treated with absolution of NajCO,, yields a p]^ 
eonsisting of the (m* and( 7 )-inoiifio»tionp, which 
may be pnMed by Wystallisation bom ether or 
alcohol, when the many-laoed pnsms or needles 
ofthe(lB).oompoand must be separated by nand- 
piokiii bom the short thick rhtohohedra of 
the W-isomeride. All three modificatTons ate 
snlit up bj»dry distillation into phenyl ojanate 
Sd Lnz^nhydrid^ and «onve^d by 
aloohoUo KOH into E»Bz and the di-benzoyl 
derivative. 

(.l-Tti-benzoyl-hydroiylamine [100 ]. 

MonocUnio crystal,; 

Bl” 42' (Lehmann, Z. K. 1.627; Hem a. 
lann X 186, 76; Z. K. 1, 637). V. e. sol. 

to sS b^ sloohol, v.sol. boiling benzene. 

loilio^Y[^q (8.G. 1-05) in one hour completely 
plitalt np into benzole acid and di-benzoyl- 

'^^('8)-Tti-b6nzoyl-hydroxylamino [142°]^ 
m^ ionc%ClAq to HOBz, hydroxylamme. 

md4z^OH. Unlike the (a).i8omeride it dis- 

lolvss in aqu'lfttiB NajCOr ^ riicioi 

(.,).Tri-benzoyl-hy^roxylamine [112 ^ 


of separates anisic acid, 

theUq^a^<&<J‘“!.*f”Jf^i,yl.hydroxyl- 

amsyl-hjtoxylamm , d ^/timesewith 

miiixie. The ■K«/irnTtrlamine 


enzoyi-ayuiuiyithiwiu^. j.,.--- 

Biuzu Bttui « split up by boiling water into amsio 
acid, 5 '*di-phenyl-urea, and OOj. 
hydroxylSnifie is resolved by 4i*tillation into 
anisic acid ftnd anisyl-anili^. ^ 

Anisyl^b^ngoyl dtrivaUve , k. 

0,H,(OMe).CO.NH.OBz. [148®). 
toting anisyl-hydtoijrlamme mth ■^““yl 

ctoride. Needles or pnsms. Spht up by Wont¬ 
ing with baryta-water to benzoic »oid and 
amsyl-hydroxylamme. The potassium salt is 
split up by boiling with water “*® 

sidi-p-methoxy-di-phenyl-urca, and 00,. Ani^l- 

benznl-hydroxylamine is split npby 

into benzoio acid, benzoyl-amsidme, CO„ and 

BzN(C0.0.6,.0Me).0Bz 7 

modifications, by the Mtion of BzCl on t^ 

it is split op into benzoio* acid »®d ^nz(^ 
anisyl-hydroxylsmine; while oono. HC^ gif» 

hydroiyla”’''®' benzoio acid, Md “’J' 

Mooholic KOH forms benzoio 
anisyl-hydroiylamine: aqueous KOH foto 
chieflybLzoio acid apd . 

-mine but produoea^also a small qpantity^ 
Sio aoid and di-beniyyl-hytoxyl^i^ On 

drydi8tillationthe(a).inodifcationiBderom^B^d 

vrith slight carbonisatiOT to phcuj^l oyanaw 
rid benf oyl-anisift anh|drlde, » 
of p-methoxy-phenyl oyanate hqd b^amg 

‘'“(|)'.Midffio*ation [126.]. 

•Abieflv found in the alcoholic ^ottier-hqno# of 

‘■^^'Scation P«>°3’ 

tablss’i separated bom Ae crystal. <4 the (•)- 


watai, '»’?*” .’‘“‘“yrSIv subsequeriiiy bo separated 
iMolnble. The 7* boiling water is beed yanetyby ha F 3 tlj,„ melts at IMP, 

n iUt ne< 

Ob. U, 
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HTDBeXTLAMINE DEBIVATIVM. 


Di-b$ntyihanisyl derivativ* 
BB^.O.OO.O,H,.OUe. Formed, in two modifl- 
onfions, bytiie soUon ol anisyl ohloiide onM- 
benxoji-hjdn>zyla£une (Ijossen, A, 186, 

(a)-Madifiaatioa [110'^. Mono^io 
nee^ea or prisma. Boilmg dilate Hffl (S.G. 
1-05) easily splits it np into anisic aeid and di- 
bensoyl-hydroxylamine. Alooholio KOH gives, 
on the oontiary, benzoio acid and benzoyl-anisyl- 
hydroiylamioe. Splibap by heat thto phenyl 
oyanate and benzoio anisio anhydride, together 
trith smaller qnantitiee ot p-metbozy-phenyl 
nanate and Bz,0« , 

( 8 )-Moditfeation [110°]. Bosettes oi 
small crystals, oeoniring in the last crop of orys- 
tala ol its (a]-isometide. It is scatodly attacked 
by boiling ^dte HOI (S.G. 1-06) while pro¬ 
longed heating with acid of S.G. 1G4 forms di- 
benzoyl-hydroxylamine, most of* the sabstance 
being, however, converted into hydroxylamine, 
benzoic acid and anisic acid. ' 

Anityl-di-ben$oyl dtrivaiivt 
MeO.O^.<X).NBz.OBz7 Two modifications of 
this bMy are formed by the action ot benzoyl 
chloride on silver anisyl-benzoyl-hydtoxylamine 
(liossen, A. 186,25). 

(a)-Modifioation [137°]. Mondclinic 
tables. Slowly decomposed by dilate HCl (S.G. 
1-06), more readily by stronger HCl ( 8 .G. 1-14), 
into benzoic acid and anisyl-benzSyi-hydroxyl- 
amine. Alcoholic EOH also gives benzoio acid 
andanisyl-benzoyl-hydroiylanune. When heated 
alone it yields ^methoxy-phenjrl oyanate and 
Bz,0, together with small quantities ot phenyl 
oyanate and benza-anisic anhydride. 

( 8 )-lif odification [110'^. Small rosettes. 
Not decomposed by HCl of S.G. 1-06, and only 
partially attacked by acid of S.G. 1-14. Alco- 
h^ KOH formf anisyl - benzoyl-bydroiyl- 
unine. 

Antiyl-bentoyt-anUyl dtrivative 
OA(OMe).OOJfBz.O.OO.OA(OMo). Formed, 
Tn two modifications, by the action of anisyl 
chloride on the silver salt'd anisyl-benzoyl-hy- 
droxylamine. •' 

(a)-Uadilieation [153°]. Very small 
monoelinic tables (frega ether); a:b;c > -866:1 :-380; 
«-76<> 33'. Mate HCl (S.G. 1-05) essUy do- 
ebmposfz it, fqrming anisie acid and anisyl- 
benzopl-hydKntylamine. Alooholio KOH forms, 
on*U>e Contrary, benzoic acid hnd di-anisyl-hy- 
dmxylamine. 

(fl)-Modifreati:|n a49°]. Only 1 pt oi 
tbit modification is fmmed to M ptK ot the pre¬ 
ceding. It crystsilffles in monoclinic tables-, 
iKfc«-l-003:l:-789; j3-89“61'. 

Oi-anityl-bentoyl derivativt 
(OA(OMe).CO)^OH»» [148°]. Formed, in 
only one modir..ation, by the action of BzCl on 
tOvtrdi-aninl-hydroxylapune. MoiAeliniooiyt- 
tals. Blotrty ^ked ^ThOI of 8 .O. 1-05, 
mmre ranidly by stronger add, formffig benzoio 
add aha di-amsyl-hydroxylamine only. Alco- 
bdic S)0H reacts in like manner, bat forms also 
a little anisic add and anS^l-benzoyl-bydroxyl 


dne. , \ . 

• S$n*»yl-ii-avti$yl i$rivatiot jr 
dli(CO.(^OIb).0:iMr Formed, to^o 
Adificatim, froib the diver derivative ot benz- 
•gA-anisyl-hydroxylaniine and anisyl ohlocide, * 
4a)-MoiificatioB[lS8‘^. Trldinlapritmt; 


0:1:0--803:1:-965; a-99°48'; A-llS* Wt. 
Y - 74° 43'. Badly decomposed by HCl of S.a 
i‘05 ifito aoisio acid and benzoyl'^niiyl* 
hy^oxylamine. Alooholio KOH aoto in liki 
manner. ^ 

(3)•Modification [188**]. Trioliniotablest 
'428:1:1*400; a«108<* T; 3-i06” 18'; 
7 >i 69^ 26^ Behaveg like the (a}'modifioatioB 
when treated wiOi HO! onKOH. 

Oinnapioyl dericafice 
0^,.CH:0H.C0.NH.0H. [110®]. Formed, 
tber with the di>ciDnamoy] deriTative and cm* 
namio aotd^bj the Motion ot olnnamoyl chloride 
on hydroxylamine in aqaeoua solution (^stoski, 
A. 178,218). Oi^alline; si. sol. oola, m. sol. 
hot.water f x. boi. ijcohol and ether, insoluble 
in benzene. Ferrio ohloride oolonrs its sola-* 
tion deep yiolet.-(C^^:CH.CO.KH.O)^: 
very easily decomposaWe fellow •crystals.—> 
(G,HyOH:GH.CO.NH.u)i,HNa: jellow plates.^ 
(<^,OtKH.O)^a: sparingly^Iuble yellow 0178 * 
telline powder whioh, when heatea, giyes off 
CO, and : yellowish, 

white pp. ^ 

Oi^tnnamopI d$rivaii^ 
(C,H,.CH:CH.CO),N.OH. [162®]. Formed aS 
above. Prisms or lamina; si. sol. %ther, insol. 
water and baryta-watery, sol. hot alcohol. Its 
salts when oSce separana from the aqueous sola* 
tion are no longer soluble in water. The K salt 
is decompose^ by boiling with water and con- 
vested for tile most part intq oinnamate. When 
t^ compound is heated to incipient oarbonisa. 
tion a resin is formed, ffom which 8 m|h quan. 
tities of s crystalline powder 0 „H„N |04 may be 
extracted.— (0»H,O),NOK: yellow {fewder.— 
[GaH, 0 ),N 0 ),Pb: amorphous yellowish pp*-*- 
i,H,0),,N0Ag: white pp. 

o>AmidO‘bemoyl derivative 
KHrO,H 4 .CO.NH.OH. [82®]. From anthranil 
('•carboxylic acid and hydroxylamine. Glittering 
plates (from water) (£. von Meyor a. BeUmann, 
/.pr.[ 2 ]^, 20 ). , 

{a)-Napkthoyl derivative 
0„H,.C0.KH.0H. [187®]. Prom hydroxylamine 
and ((^-napbthoyl chloride ^Olkttrand, B. 20 , 
1353). ^ Glistening scales, sc^ boiling water, 
almost insol. alcohol.* Its potassium wt^eoom* 
poses very readily with formation of (a)-naphthyl-^ 
amine. < 

($)-Naphthoy I derivative 
0,«Hy.C0.KR0H. [168®]. Frornhydrozylamioe 
G mol.) and (3)-naphthoyl ohloride (Ekstrand, 
£. 20, 1368). Small dimetrie soal^ ▼. sol 
alcohd. ^ 

Z> t • (a). n a n b f A 0 V1rieafies 
(0,^GO),N.OH. [16^. Formed, together 

witn we mono<(a)-naph uoylderiyative ( 0 . swpra), 
by the action €f (u'Uaph&oyl ohloride on 
vdvlamine. Need^, sol boiling alcohol Ua 
K salt orystal^Bes in needles, sol alodtol 




potezziom salt 
*(a0)-Di-naphthoyli»rivatM 
(p,ACO)»NOa. «80°].Trem(j‘ 
^dioxylzmisa zna- (zl-nzphtboyl 
100°. Ncedltf (tzom tlaohol). 

Phihalyl-dtrivalit* . . 
{330°}. Fonned by ttM M|im at 



HYDROXYliAWraE BERIVlTlVESS. 

phthalift anhydride on hydroxyl- 
MitoeJC(An, il. 205, 296; Laoh, B.J6,1781). 

Ne^M or platea (irom aioohol); v, si. sol. 
water, t. wh boiling aioohol, insol. ether and 
boDMae. KOHAq dissoKes it, forming a red 
iolntion. When boi!e(»with KOH (1 mol) dis- 
BOlved in alcohol it is split up intq CO- and o- 
amido-^nzoio acid. When boiled with a larger 
KOH (ymols.) in alcohol it gives the 
phthaloxyl derivative-C,H,:C,Oj:NONa: red 
amorphous powder—0,H,:OA:NOK: red pp., 

V ?? a’^ding caustin potash (1 mol) to an 
aloohouo solution. Readily decomposed by treat* 

3aq^ light-red* pp-— 

^•^«*C*Oj;NOAg: dark-Md pp, * • 

Phthaloxyl d^ioativo 

Formed from the 
Ph^haljT derivative by^warming with alcoholic 
EOH. Its A>luiion iE^oid in reaction, and gives 
a violet ^lour ^fith PdCl„ but it quickly decom¬ 
poses with separation of its anhydride, the 
phthalyl derivative.—KC^HeNO,: yellowish 
crystals (frqpi water); v. e. sol cold water.— 

PbC^jNOi: white pp. e 

AIiET% DBRIYATTVES Of HTDBOXtLAUl>rX. 


Methyl.hydrcxylanuno H 2 V(OMe). The hy- 
drocbloride forms pSIWy scales* (148° uncor.); 
does not reduce alkaline solutions of copper. It 
is formed by boiling the methyl ether of the oxim 
of benzoic aldehvde with HCl (Pdtracfeek, H. 1^, 
827).—B'aHjPtcC; orange-red tables or prisms 
(Waldstein). ^ 

B6n$oyl dtrioativB BzMeN.OH. [65°> 
Fromdi-benzoyl-methyl-hydroxylamineby warm¬ 
ing with cone. EOHAq and passing CO, into the 
product (Lossen a Zanni, A. 182, 220). Rect¬ 
angular tables (from ether-benzene). Decom¬ 
posed by HGl into hydroxylamine and methyl 
benzoate. 

Di'hontoyl derivative ^BzMeNOBz. 
[e. *-15°]. Formed the action of Mel on an 
ethereal solution of potassium di-benzoyl-hy- 
drcKylamine. Oil 

£th 7 l 0 a%«di-hydroxylamiae. | 
Di-htnzoyl derivative (NBz 20 ) 202 H«. 
p48°3. Formed by boiling silver di-benzoyl- 
hydroxylamine with an alcoholic solution af 
e&ylene bromide (Eiseler, A, 175, 34t). Prisms, 
eit sol cold ether and aioohol; moderately stabls 
toward EOHAq. < 

lthyl-hydrozyIaaiiiieNHs.OEt orEtHN.OH. 
(68°). S.G. ^-1* 'BBS. Formed by Composing 
ethyl-benzoyl-ethyl-hydroxylamine i^ith HCl, 
and liberated from its hydrochloride bv oono. 
EOHAq (Losses a. l^fbini, A. 182, 223; Giirke, 
A, 206. 274). Combustible Uq|Lid, with powerful 
odour; miscible with water, aloobol, and^ther. 
Alkaline in reaction. Gives ^ white pp. with 
silver nitrate, and on boiling #eduotion takes 
plaed with evolutiqp of gas. When added in 
etoess tb ouprio sflphate solution it for^ a deep 
Wuejiqnid, whence an apple-ffreen pp.fi formed 
on feW, redaction not taking place. jVith 
it. dves a ^Iden fl^u^^nt pp.—B'HOl# 
n 2 ^ iji^s; olAained by heatine ethyl-' 
MDSQy^Sn^hydroxylamine with HOI In ether. 
Tdlaw HClAu (SJo. 1*14) at 160° decomposesij 
it StOI and nydroxylamine. -B'-HaPtOL: 
pkismil T, sol #ater andaloohol^—B'Hj,80j; v. 




e. sol. water and aloohoLa-B'HtdO.: ei^^lsM ' 

S 'er. 

enMoyl-ethyl-hydr^xylamime 
z.OEt. [65°]. Formed by the action of 
SXl on potassium benzoyl-hydroxylamine (Wald- 
stein,*k. 181, 385); the proportions being: 
benzoyl-hydroxylamine (1 mol), oono. alcohoBc 
EOH (2 mols.), and EtI (1 mol); after being 
left for ^ hours, with frequent agitation, the 
solution is filtered froift El, fre5d from alcohol 
by evaporation, dissolved in water, and subjected 
to a stream of CO,, and the NHBz(OEt) ex* 
fraoted with ether, llie same compound is also 
formed by treating ethyl-hydroxylamine with 
benaoyl qhloride (Gtirke, A. 205, 278; Bertram, 
A. 217,*16); and by treating j^nzoio ether with ' 
hydroxylfidnine (Tiemann a. Kriiger, B. 18, 
740). . 

Propertiea.—lTio&DXo crystals (from alco¬ 
hol) ; a:hui = -610; 1: -852 ; a -109° 31'; $ 
»*86°82'; 7 «100° 31'. V. e. sol. ether Mid 
alcohol; m. sol. water. Soluble in aqueons 
EOH (1 mol) forming a solution from which it 
is reppd. by CO, and by acids, and which gives 
pps. with salts of Ag, Hg, and Pb. Hot oonc. 
HGlAq in sealed tulips splits it up into benaoic 
acid and ethyl-hydroxylamine hydrochloride. 
By heating alone to 190° it is converted into 
phenyl c^nate, benzamide, aldehyde, and alco¬ 
hol PCI,gives benzoyl-ethoxim chloride 
Ph.CCl:N.OEt. (230°).—BzAgN.OEt: white pp. 

Ethyl-ben»oyl»hydr4txylamin6 

EtNBz.OH. 

(o).Modification [54|]. 6.0.1*208. S. 

(ligroin of S.G. *65) 1*3. F<^rmed, together with 
EOBz, by heating (a)-di-beDZoyl-ethyl-hydrozyl- 
amine with cono. EOHAq. Formed also, to¬ 
gether with the (8}-isomeiide, by treating b^a- 
imido-ethyl ether with oono. hydrozylaidlne 
hydrochloride (Lossen, B. 17,1587). MonooUnic 
tables or prums (from benzene-ether); a:6:c 
s= 1*49:1:1*53; iiiclmaiuMofopticalaxes’^llf'^. 
V. sol alcohol an^ ether, m. sol water. Sol 
EOHAq, forming ^solution which is ppdwby* 
metallic salts. On heating with HOlAq it is 
resolved into hydroxylamine and benzoic ether. 
Decomposes at 180° benzonitrile, BaOEt, 
alcohol, water, ^d nitrogen, with smaller quan¬ 
tities of benzamiae, benzoic adl^and CQ,. 

(^).Modif#oation [68°]. ^.G.dl^Sb. 8. 
(ligroin of S.G. *652) 2*21. Formed as a^ve, 
and ^ the action of boiling»KOH (1 pt.)^B- 
solved in^ater (1 pi.) n^n (/3)-di-benzoyl-ethyl- 
hydroxyiamine (Gflrke,M. 205, 286), and upon 
ethyl-benzoyl-a^syl-hydroxylamine (Piepar, A» 
217,5). Monodliniocrystals; a:&u}<i>l*24:l:l*40;* 
inclination of optica^ axeaml^B^ (Tenne, A. 
217, 5). X>eBs soluble fh alJ^lk than the (i^- 
modifica^pn. Decomposed byl^Ol, and by dis¬ 
tillation, into the same products the (^-iso- 
meride. * • • 

Anieyl-ethyl-hydrosDytaminia 
(C8H,0,)EtNOH. [84^. F^m etb^^droayl- 
amine and anisyl ^oride (PiMtsr, A. 817, Ze). 
MonooUnic ^les (from ether). Forma wttB 
.KOH a salt. *Oono. HC^ gives aninfe aoh^ and 


eiv^ hydroxylamine. • 

Ethyl^anieyUhydroxyhimina 
C,HANH.OBt. ^ [B2^]. ^ Form^ by 


ani^l-benaoyl-eth^hyir&iyL 
EOHAq, and ppg. by CO, 


, treatboi 
, with ooiie 
, A. 176,888} 

882 * 



740 HYDROXYLAMINB DERIVATIVES. 


Crysiale; t. e. sol. alo<fiiol and ether. Split up 
by HOI into anisic ether and hydroxylamine. 

Di’h6y\»oyl-6t^yl~hydroxylamin$^ C 
Ba^N.OEt. TwO( or possibly three* modinoa* 
lions of this oompound are formed in the rero* 
lion between silver di-benzoyl*hy^oxylamine 
and EtI; the (a)*variety is formed in the greater 
quantity, and crystallises out first *, only 2 or 
8 p.c. of the (j3)-modification is fonpedrf there is 
perhaps also an oily ^riety (Giirke, A, 205, 
280). 

{a).ModifiQatun [58*’]. S.Q. >tn*243. 
Trimetrio crystals; o:6:o=*697:1: *501. V. sol. 
ether and alcohol, insol. benzene. Decomposes 
at 180” into benzoic acid, benzonitnle,i«nd«Ide- 
hyde. Cone. K(^Aq converts it into benzoic 
acid and(a)-ethyl-d>enzoyl-hydroxylaililne. Gone. 
HClAq ^ves benzoic acid, benzoic ether, and 
hydroxylamine (Biseler, A. 175,830). 

0).Modification [63°]. S.G. W 1*23^ 
Formed as above. It is also the chief product 
of the action of BzCl on fa) or (fi) ethyl-benzoyl- 
hyd»>xylainine. Triclinio crystals; a:b:e 
-*556:1: *714; a-llS” 25'; fi«102”37'; y 
—90” 52'. More soluble in alcohol and ether 
than the (a).modification; insol. ligroin. When 
heated it yields the same products as its iso- 
meride, but requires a temperature of 225”. 
Cone. HClAq also acts upon it in the'^same way 
as upon the (a)-variety. KOHAq acts upon it 
with more difficultv than upon its isomeride, 
and produces (3)-ethyl.benzoyl-hydroxylamine. 

Bemoyl • ethyl - benzoyl hydroxyl- 
amine [49®J. ^rom NBzEtAgO and BzCl 
(Lessen, B. 10,2228) J from NBzEtHO, BzCl, 
and KOHAq (Pieper, A. 217, 8). Trimetric 
crystals, a:6:ce’624:1:2*587. V. sol. alcohol or 
ether, insol. water o.' petroleum. Split up by 
B61 into benzoic acid and hydroxylamine. 

Bengoyl-anisyl-ethyl-hydroxylamine 
BzN(C^,0,).0£t. Formed, in two modifications, 
the a^ion of EtI on silver benzoyUanisyl- 
hydroxylamine (Eiseler, A. hlo, 326; Pieper, A. 
3 ^, 2 ). ^ 

(a)>Modifieation [.74”] (P.); [69®] (E.). 
Monoelinie tables (from ether-benzene); a:b:c 
—1'518:1:’666. Decdinposed by alcoholic EOH 
into potassium anisate and^ (a)-ethyl>beQZoyl« 
hydio:^lamiq^ [b4®]. HCl forms benzoic ether, 
ania^o aoid, and hydroxylamiae>> 
^,^)-Modifi9ation. Oil. 
Ethyl-benAoyl-anisyl-hydroxylamine 
EtNBz.OGJS,Ot. [8'i']. Formed treating 
dthyl-benzoyl-hydroxyi^ine with amsyl chlor¬ 
ide and aqueous EOH (Pieper, A. 217,4). Mono- 
' clinic crystals (from ether); *748:1: *803. 

With come. KOHAq it mves (fi)-etfayl-beDzoyl- 
h^droxylaminqj[^”] potassium anisate. On 
diatilUtion Halves benzonitrile,'anisiy acid, and 
aldqfiyde. . ^ 

Anisyi’beifeoyPethyl-hydroxiiylamine 
BzN(C|^^02).OEt. [79®J. Formed, together with 
an oil^ isomeride, by treating silver anisyl- 
ben^I-hydroxylamine witb> £tl (Eiseler). Tri- 
elinio prisms. Decomposed by j|.OH into etbyl- 
•nuyl-hydroxylamioq and EOBa. HCl ^ve*** 
bycmylamine, anisic ether, and benzoic ac)^. 

BenMoyl-ethyUaniiyUhydroxylamine 
BsNEiOG^fOt. [^®]. rrom silver benzoyl^ 
cthyl-hydro^ylamin^and anisyl cUoride (Pieper, 
A> 2i7» lO). Trioli&io oiystaii (from ether); 


0 

a:b:c» *773:1:‘855. M. sol. alooho! and etheff 
insol. wato and ligroin. Not attacked by a so¬ 
lution of 2 pts. of EOH in 8 pis. of water; but a 
soluUan of equal weights of potash and water 
forms potassium anisate and oenzoyl-ethyl-hy- 
droxylamine [67®]. Difclte HCl at 100® forms 
benzoic aoi^, aniuo acid, and ethyl-hydroxyl- 
amine ; a still more dilute ^id gives anisic acid 
and benzojrl-ethyl-hydroxylftnine [67®]. On dis¬ 
tillation it is split up into anisio ether and phenyl 
cyan ate. 

AnisyUethyl-h^eoyhhydroxylamini 
CgHjOjNEt.OBz. [94®]. From anisyl-ethyl- 
hydroxyl^ine, BzCl, and the calculated quantity 
ofaqueovts^KOH (Pieper, A. 217,18). Monoelinie 
crystals (from etner). eSl. sol. alcohol or ether, 
insol. water or light petroleuqi. Hot oonc. KOHAq 
gives anisyl^ethyl-bydroxyl^ine [84®] and benz¬ 
oic acid. HCl at 100® aots similarly, tl& anisyl- 
ethyl-hydroxylamine beiiTg subsequently broken 
up into ahisio acid and etUyl-hydroxyl^ine. On 
distillation it is decomposed, but not neatly. 

Phthalyl-ethyl-hydroxylamine 
C,H,:C,0.:NOEt. [104”]. {e.270”). From sil- 
ver phthalyl'hydroxylamine and Etl (Cohn, A. 
205, 295). Trimetrio needles, sol. other and 
petroleum, insol. Na^GOfAq. When heated with 
potash it yiel^ls ethyl-K^ido-benzoio acid. It 
resembles the nitrolio acids in giving a red 
colouration with alkalis, 
r Methyl-eUtyl-hydroxylamise. 

Methyl-ethyl-benzoyhUy droxylamine 
MeNEt.OBz. Prepared by the action of Etl on 
metbyl-benzoyl-hydroxylamine dissolved* in al- 
coholio EOH. Oil, with pleasant odour. De- 
composed by dilute HCl into methyl benzoate 
and ethyl-hydroxylamine. 

Benzoyl-methyl-ethyl-hydroxylamim 
BzNMe.OEt. From silver benzoyl-ethyl-hydroxyl- 
amine (1 mol.) and Mel (1 mol.) in ether (Wald- 
stein, A, 181 393). Oil; miscible with alcohol 
and ether. Decomposed by hot dilute HCL 

E thy l-benzoyl-methyl-hy droxylamine 
EtNBzOMe. Formed by the action of Mel on 
(a).ethyl|benzoyl-hydroxylamine 'dissolved in 
alcoholio EOH. Oil. Decomposed by HOI into 
metbyl-hydroxylamine' and benzoic e&er.* 

Di-et^l-hydroxylamine NE^OH or 
NEtH.O£rt. Formed, together with hydroxyl- 
amine, by reducing nitric ether with tin and HCl 
(Lessen, A. 6, 28B). Its hydrochloride 

remains in the mother-liquor, from which hy- 
droxylamq^e hydrochloride has crystallised. Toe 
free base, separated from its salts by EOH 
and extracted by ether, is a strongly alkaline 
syrup, V. sol. water, not eii^vly volatile with steam. 
Its aqueous soli^on forms with Fed, chrome- 
alo 2 & cobalt nitrate, and lead nitrate, pps. in¬ 
soluble in exce^ and #ith OuSO, f blnisn-white 
pp., dissolvio^'m excess to a viol^brown eola¬ 
tion. It reduoea silver oxi4^ on heating. It alio 
reduces boiling aqueous HgOI^ 

Balts .—B'HCl: syrup.—B',H|Ptcn,: orange- 
red^rystels (from alcohol).—B',H, 80 ^: minate 
lamins; ppd. e^«r froonits solutioD in aleo- 
hol.—: pnems fHom wateg^ or hidr- 
like needles (from aleohol).~B'H,0,04: stellate 
groups of prisms (from water) or minute needles 
(from boilmgalooh^).—prisms (ll^ 
water); inaoLalooboL * 
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B$nMoyl d$rivativ€ Et-NOBz * ot I 
EtNBa.OKt. (244® i.V.). 8.0.111-026. Formed’ 
by the action ol EtI on ethyl-benzoylihydroxyl- 
amine diesolved in alcoholic EOH. Yellowish 
aromatic oil; ▼. sol. alcohol and ether. Bdbolved 
with HCl^ tnto benzoic ether and 
ethyl-hydroxylamine. ^ 

Trl.ethyl.hydroxylamine NEt.>0Bt. S.G. 

• *8935. Formed 1|f mixings ZnEt, with niti'o- 
ethane and ether in an atmosphere of COai acW 
after a fortnight decomposing the* product with 
water (Bevad, J. R. 20, 126). Oil; v. si. sol. 
water, miscible with alcolK>l, ether, lind benzene. 
Its salts are very hygroscopic, and reduce silver, 
cupric, and mercuric salts.—B'^HjCjO*. 
Benzyl.hydroxylamine * . * 

(o) - modification !lCH 2 . 00 HjPh. I’ormed 
by warming the b^zxl derivative of the oxim 
of acet^e witlf aqaeous HCl; thu^: 

MejC:N^,H,+OH^ Me.,CO + H^NOC^, 
(Janny, B. lo, 176). il^rmed also in li^e manner 
by ireaftng the (a)-blnzyl derivative of benz- 
aidoiim ((a)>benzylidene*benzyl>hydroxylamine) 
with cone. HClAq (Beckmann, B. 22, 616). 
Hydrochloride B'HCl. Soft, silvery plates, 
si. sol. water, v. si. sol. cold, v. sol. h?t, alcohol- 
Acid insreaction. Sublimes between 230® and 
2C0® without previous fusiqp. Readily con¬ 
denses with bonzoic*Hdehyde. «Boiling HI con¬ 
verts it into iodo-benzene and NH,. Ureide 
KH.,.CO.NH.OC,H,. [139®] (Behrend a. Leuchs, 
B. 22, 386). *1 • • t 

(3)-modific^tion C,H,.NH.OH. [58®h Ob¬ 
tained from the (0)-benzyl ether of benzalaoxim 
by ttfS action of cone. HGlAq at a high tempera¬ 
ture ^Beckmann, B. 22, 614). Formed also by 
heayng (/3)*di-benzyl-hydroxylamme with cone. 
HClAq at 130® (Behrend a. Leuchs, B. 22, 615). 
Needles (from petroleurn-ethcr),—B'HCl [110®]. 
Broad needles, v. sol. cold alcohol, v. e. sol. 
water. Reduces Fehling’s solution in the cold. 

Dl-benayl-hydroxylamine (CJIi.CH,)jN.01I 
[123°] uncor. Pre^red by noting for two 
hours on the water-bath a solution of 30 g. 
hj^roxylamine hydrochloride, 60 g. NajCO,, lOaq 
and 30 g. l^pzyl chloride in water and sufficient 
alcohol to just dissolve the benzyl clloride; on 
cooling the product cryttellises out (yield: 14 g.) 
(Schramm, B. 1C, 2184; Walder, B. 19,162j>). 
It is perhaps accompanied by a nmre strongly 
Insic isomeride (Behrend, B. 22, 385). Long 
white needles. V. sol. alcohol, ether, benzene, 
sl. sol. ligroin, CSj, HOAc, and hot water. Dis* 
solves in HCl but not in NaOH or NHj,. Not 
decomposed by cone. HClAq at 13#®. By long 
boiling with acetic acid saturated with HCl it is 
split up into benz^ehyde and benzyUmine; 
acetyl chloride has me same effect. Boiled with 
alcoholic benzyl * chloride it yields tri-benzyl- 
hydroxylamine (Ph.CHg),N.OCH,.Pb. By the 
action of PCI, and treatment with water di- 
b^yl-amine is formed, the itoction probably 

JoaLn.OH + rt!* - (C,H,).,N.0.PC1, + HO and 
)c H lil.O.PCL + 3HaO 

(0,H,).,NH + PO.H, ^•2HC1. 
Mel end NaOBt Jtyfi acopipctnd (C,H,),N,Oift 
whioh anpears to be the hydnddide of th« an- 
Jy^deffl^.OJ^(C.H>- Heated wiUi ethyl 
i<^a and woohoho sodium ethylate it give# 


C^H^N whioh forms felted crystals [84®]. Pl-o- 
pyl iodide and a solutifti of sodium in propyl 
i^lcohol give benzyl-amine, propyl ether, and 
jl^vnali quantity of benz^-l^nzoate. With a 
V|ry dilute colourless solution of Fe,Cl, it gives 
a yeljpw colour on standing. By the action of 
nitrous acid without cooling, di-benzyl-nitros- 
amine is formed; when kept cold the product 
is the nitrous ether (OyH..CH 2 ),N.O.NO: 
[84®] which 4crystallise| from dilute alcohol in 
fiat white needles; v. sol. alcohol and ether, sl. 
sol. ligroin, insol. water (Walder, B. 19, 3287). 

^ Salts.—B'HGl: pearl;^plates.— 
sparingly soluble brownish-red crystals. — 
B'HCl, HgCl,: white plates, sol. warm alcohol, 
nearty^iiftjpl. water.—Picrate*B'C^H 2 (N 0 j) 30 H 
[161® oorj; glistening yellasv plates, v. sol. 
alcohol and ether, insol. water (Walder, 20, 
X751). • 

Anhydride? {(C,H,)2N}20. The hydro- 
•odide (B"HI) [148®], erroneously called * tetra- 
benzyl-oxy-ammonium iodide,’ is formed by 
heating di-benzyl-hydroxylamine with methyl 
iodide; from this salt the base is obtained by 
the action of Ag^O. Strongly alkaline colourless, 
very deliquescent crystals. V. e. sol. water, sl. 
b(A. ether. Distils at a high temperature.— 
B^HgCl;: pearly prisms, m. sol. water, insoL 
ether.—B"HI: see above. — : [27^; 

white ci^stals.—B"(HNO,)j: [169®]; white flat 
needles, sl. sol. water.—B"H 2 S 04 : [162®]; soluble 
prisms.—B"HjCljPtCl 4 : [162®]; smaU yellow 
needles, sl. sol. hot water, insol. cold water 
(Walder. B. 19, 3289). 

Acetyl derivative (C?,H,) 2 N.OAo. [173®]. 
From di-benzyl-hydroxyl%rnine (1 mol!) and 
AcCl (1 mol.). Feathery crystals (from dilate 
alcohol); m. sol. water, v. sol. alcohol. 

Benzoyl derivative (CjH,),NOBz. ^7®]. 
Fiom di-benzyl-hydroxylamine and BzCl (feeh- 
rend a. Leuchs, B. 22, 385). Needles (from 

_, alcohol). Converted by boiling alcoholic KOH 

,ting for two I into di-benzyl-hydroxylamine and benzoic ac^d. 

' (/3)-modifioa4ion CjHj.CHjNH.O.OH^C^.. 
An oil, which accoiipanies the preceding. Bono. 
HClAq at 130® splits^it up into benzyl chloride 
and the (j8)-modificati^ of benzyl-hydroxyl* 
amine (Behrend a. Lep^s, B. 22, 616). 

Tri-benzyl-h^rozylanxina 
(C,H 4 .CH,) 2 N.O.CH 2 .CaH 4 . [fig,®], f™ed by 
boiling di-beiftyl-hydroxylamine forti.loifg time 
with an alcoholic solution of benzyl ch^ride 
(Walder). Behrend and Leuchs (B. 22, 618) 
could oaly obtain by fibis method an oily tri- 
benzyl-hydroxylamine dt basic character, mixed 
with an indifferent, probably isomeric, oiL 
Short white *pi^ism8, v. sol. alcohol and ethef, 
insol. water. « 

Salts.—^^Gl: [172®]%^ white orystaU, 
sl. sol. water, insol. ether. — : [o. 

150®]; small reddish-fellow crj|ftala, *8l. boL 
alcohole(Walder, B. 1?, 10^; cf. Behrend, B» 
22,385). • 

Tri-benzyl-hydroxylamine • 

(C„H,.CHJ,N.O.0«,0,jH,. Formed,together with 
di-benzyl-n^oxylammo, by the action of ao 
alcoliolio somtion of benzyl eliloridi (8 moj^) on 
bbnzyl-hydroxylamint hydrochloride m pnawee 
of NajCO,. Dilute HClAq dissolves thli* di* • 
benzyl-hydroxylamine, Ipit not the iri-bttaiinU 
hydroxylomino, since the hydrocjiioride xtf Mild 
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tif is decomposed by w&ter. The tri-benzyl 
oivative is then extri^ed with ether (Behrend 
Lenehs, B. 22, 614). Oil. With oono. HOlAa 
> 160*^ it gives di>be^zyl-hydroxylamine 
Sslts.—B'HCh [§1°3; needleB.-B'^tOL: 
67®]; priams, v. al. aol. cold alcolm]. ~ 
iorate: [132°]; v. si. eol. water.* 
Trl^nitro-pbenyl-hydrozylamibe 
J^{NOJ,NH.OH. [100°]. Formed by the 
jtion of pierio ether Q^(N 02 ), 0 Et^ on hy- 
roxylamiue (Michael arBrowue, J. pr. [2] 35, 
i8). Silky needles. Its solution is turned 
rows by the least ti^e of ammonia. 

Heza-nitrO'di-phenyl-hydroxylamine 
3«Hf(NO J|{ ,NOH. Di-picryl-hydroxylamine, 

170®]. Formed • by adding picryl, '^chloride 
(HflKOJiCl in alcoholic solution to an i^queous 
)laUon of bydroxylamine (M. a. B.J. Yellow 
rystals, which may be sublimed. « 
BeaiyUdene-bydroxylamine CjHj.CHiNOH is 
esoribed as Bekz&ldoxih, v. vol. i. p. 447. Ac^ 
srding to very recent researches of Beckmann 
B. 22, 432), when HGl is passed into an ethe* 
sal solution of benzaldoxim there is obtained an 
lomeride. This {0)-beQzatdoxim yieldsthe same 
roducts on treatment with HOI as the ordinary 
r (a)-benzaldozim, and both their ethyl ethers 
re oily and are split up by HCl into EtCl, 
(H^Cl, and benzoic acid. The benzyl ethers 
f the two oxims, however, are different. 

(a)-Benzylidene.beiixyl*hydrozylamine 
'^j.CH:NOGrH,. Formed, at ordinary tern, 
leratures, by the action of Iranzyl chloride on an 
icoholic solution of (a)-beDzaldoxim. Oil. In¬ 
ch water, sol. alcoV^l, and ether. Split up by 
ICl into benzyl chloride, benzoic acid, and 
^Hfd; but under certain conditions it yields 
lenzoio aldehyde and (a}.benzyl-hydroxyl. 
mine. • 

(B)-BeiU 7 lide&e-benzyI-hydrozylamiAe 

3JH,.CH:N0C;H, or [82“]. 

?Dfined b; the action of benz;! ohloride upon 
|fl)>b6nzaldozim diBSolved in alcohol containing 
KaOCt. Formed also from |^)-benzyl-h 7 droxyl- 
unina and benzoic aldehyde. Slender needles 
[from ether). It forma ^ crystalline bydro- 
tbloridc [148*^. On^matment with HCl it 
fields benzoic ai^hyde and (8)'^nzyl-bydroxyi- 
amine. • — * 

Otlis^darirraTa, of bydroxylunlna are de- 
•eribf^ as oxims gf aldehydes, ketones, and ke- 
lonie compounds ^enerolly, and as nitroso-, 
Iso nitroa o-, or oximido- impounds. • 

HXSA-ETSBO-XTLIIIS V. Xnzxa Biu- 
nrausa. 

aTDBO.oJ[noQvnroBX * 
O.Eyia,(OH)Jl:2:8:8]. regl']. Formed by re- 
dneiag o-xyl^oi^c with SO, (Njlting a. Forel, 
S. 18, S67S). Zarates from water crusts. 
Partially decoppo^ on melting. 

Hyto.m-zylaqiRiiesF • 

0|.E^(OB),[l;3;2d>]. Obtained by 

imsiiig r>-syloquinone (HfilUng a. Th. Ban- 
maim, B. Is, 1181). r- 

Bydre-yviylogainene C,H,He,(OH),[l;4:2:5]. 
Bfirmhlorolu. [3130] (B .); [20P) (Carstan- 
Jen, /. pr. [S] tS, 421). 4>btained by ^saisfi 
SO, einto a astnrated aqueous solution of 
p-xylmninone (phloronc) (Ton Bad, A. 161, 
164; liiatiski,,/;. 13, 472). Colourieas pearly 


platla (from water). May ba anUimed' SL 
aol. cold, m. sol. hot water; t. soL aloobol and 
ether: m./sol. boiling benzene. FeCi, and other 
oxidising agents readily ra-oonvert it into 
n-xylogninone. * Ammonia turns its solutionii 
brown. It reduces boBing cuprie acetate sola, 
tion with ppn. of CdJO. It reduces silver 
nitrate. f. > 

■ Di-tthyl ethitr C,HJ^e,jOEt),: [106“]; 
glittering plates (from alcohol) (Staedel a. HSla, 
B. 18, 2919). * 

HYDEuVIO ACID v. Pinnvio zom, 

HYDCEaiC ACia,0,H,N,O. t». 
“0<NH;^CH:CH<00;™>cO 7 

—1. I^Bcovered by Sohliepor (^e 
56, liy among the pi^ducts of the action of 
dilute nitric acid on uriu i^id, being found on 
one occasioi^ in the momeilliqdor from which 
alloxan had crystallise. He was, however, 
unable to ^repeat the expen^ent.—S? By heating 
dialurio acid with glycerin (whiefi acts merely as 
a solvent) at 160°, the products being acid am¬ 
monium, hydurilate, formic acid, and GOttthua: 

6C«H,N^g = 2C,H,(NH,)N,0, + H^O, + SCO, 
(Baeyer, A. 127, 11).—8. By beating air-dried 
alloxan at 170°, the products being Aydurilio 
acid, formic acid, GO,, ammonia, and CO (Mur¬ 
doch a. Doebu^, B. 9, If^). The same pro¬ 
ducts are obtained by heating air-dried alloxantin 
for three or four hours in a sealed tube at 170®. 
4.,Among the ^ducts obtained bypassing H,S 
for several hours through a bdiUng solution of 
alloxantin.—5. By heating uric acid with H,SOg 
at 130°, glycocoli being also formed, whilff CO, 

I is given off (Sohultzen a. Filehne, B. 1,150).— 
j 6. By treating di-bromo-barbiturio acid wip a 
small quantity of HI (Baeyer, A. 130,138^. 

Preparation.—^ pts. of perfectly dry dialorie 
acid are mixed in a capacious flask with 5 pts. 
of glycerin, and heated in an oil-bath to 140®- 
150®. A brisk and regular evolution of carbonic 
anhydride tbeti takes place, and as soon as this 
ceases, and the contents ol the flask have be* 
como solid, the temperature is raised for a shpA 
time to 160°, and the glycerin, aft^»oooUng, is 
removed b^- wMhing. A yellowisb-wnite granular 
powder is then left, consisting of acid hydurilate 
of ammonium. To obtain the free acid ^eonde 
ammoniun^s^t is dissolved in boiling water, 
ammonia is added in slight excess, and solutioo 
of cuprio sulphate is added to the filtrate. The 
liquid then assumes a dark-green Mloor, and, il 
hot, deposits on eooling warty crystals ol 
neutral hydrrilate of copper. This salt is thei 
decompc^cd by hot bydrochlorio acid, and th< 
hydurihe acid which orys^llises out is washec 
witli dilute hydrochloric aW! and dried over tbi 
water-bath. t * • 

Prijperries.—CrystaU^ses from water in smal 
four-sided prisms^oontauiing 2aq}. d?rom a ho 
concentrate solUion in HGLAq, or from an am 
moniacal solution by ppn. by Hyl, it separates a 
a crystalline powder compMe^of small tablet 
(containing aq). Y. si. sol. oold, m. soL hcH 
water ^T. si. sol. alcohol. Dissolves la com 
and is repaid, ^altenfon adding watei 
Soareely soL aqfieous BCl. nbt attaeksd by n 
dnoing agents. Hot attacked by aqueous alkalis 
Velting potash slowly forms oxalfe acid. Gifs 
a d^rk-green colour with Fed,. Tltis colour 1 
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aIio gfton Bj its lolQble salts, bat is desirp 7 ed 
by strong aoids and alkalis; heat also destroys 
It, changing it to red. % 

•SfacWone.—1. When heat^ with ferric 
chlori^ it yields oxy>l^darilio aoidf oha- 
raot^sed by producing^a blood-red oolonr with 
ferric salts.—2. HOI mixed with KOIO, forms 
di-chloro-hydariiiohoid—8. Faminf acid 

ptes only alloxan;citric acW of B.0.1*4 gives 
alloxan, violnrio acid (nitroso-barBituric acid), 
^olantin, and diiituiio acid, the last named 
being the nltimate product when heat is em¬ 
ployed. ♦ ^ * 

Salts.—Hydnrilio acid is dibasic. It is & 
strong acid, and can deoon^pose metj^Uip ohlor> 
ides, expelling HOI and forming acid It 

dissolves madily in aqueous ^alis, and the 
solutions give pjps. xttWmetalUo salts; the pps. 
are, howfver, bold sAts.j^ The neutral salts must 
be prepared ^om the^nee acid. HOI added to 
solutionaof sal^ of hwiurilio aoid ppts. the acid 
as a ohalk-white amorphous powder, which, 
when placed in hot water or hot HClAq, becomes 
crystalline.—NH^HA": small ocjahedra (by ppn. 
of an ammoBiacal solution by acetic ^oid). M. 
sol. boiling water, separating as granules and 
crusts oiFcooling.—(NHJjA"aq: needles, sepa- 
rating on rapidly ooo^g a het saturated smu- 
tion. Obtained in me same foWn by ppn. with 
ammonium sulphide, in which it is insoluble.— 
(NH 4 ) 2 A.'^ 2aq: large shining m^noclinio elBores- 
"eut prisms, obtained by slow e^tapdlation; m. 
ol. water, v. sol. aqueous NHj, but repp^. by 
doo^.—Ns^jA" 4aq: small prisms; obtained 
>y dis|olviDg*the aoid in NaOHAq, acidulating 
vith acetic acid, and ppg. with alcohol.— 
3aA^ aq: amorphous pp., soon becoming orys- 
ssUine, got by adding a hot solution of hydnrilio 
itcid to barium acetate.—CaH^A", 8aq: small 
shining prisms, which separate when bydurilio 
acid is added to a solution of CaClr—CaA" 8aq: 
amorphous pp., soon becoming qiysialline, ob- 
taiBed by decomposing calcium acetate by hydu- 
rilio acid.—OuHjA" 8aq. Obtained by mixing 
thi aoid with cupric acetate or with cupric sul¬ 
phate. Sd|»rate8 from concentrated solutions 
in green needles, from more dilute solutions in 
yell<B» prisms. When'heated the anhydrous 
salt is left as a red powder, which may alsoJ:>e 
obtained by ppn. from hot solutions.w-GuA" 4aq. 
(Obtained by adding the aoid to excess of cupric 
acetate, or by mixing the neutral ammoniuxq 
B^t with cupric sulphate. From cold solutions 
it is ppd. in short red needles ol the hydrated 
salt; i^om warm concentrated solhtions as a 
brownish-red pp. of the anhydrous salt.— 
ZnHjA"j; featheryjgoups of lustrous needles, 
which sepaagte wlfen a sototion of ZnOL is 
mixed with bydurilio acid.—ZnA” 2^: white 
amorphous j>p., soon besoming orystallinf. 

Di.oUon-hydurUio aoid Pre¬ 

pared by adding KCIO, in small poruons to a 
pasty mixture frhyduriHo in cone. HOlAqu 
Snow-white powder; t. al. sol. water. Purified 
by dissolving in H,S 04 and reppg. by water, 
when R separate! as small trimetrio ciysti^ 
(eontiining 2aq). '•WarA mt^o acid slow^ 
Averts it into dilitaric acid.—taq : dbafl 
six-sided tables (from water}: si. sol. oold water. 

RTOI^B. a volatile alkaloid said to aocozzS 
^goy ooeaXne to eoea leaves (WOhler a. Losseni A. 


131,874). The leaves ate ^anstedwftfc distilled 
water at 70', the extract with lead acetate, 
freed from lead by jppn. with aqueous NaySO^, 
nbdered sightly alkane fry Na^OO,, and ex- 
trgoted with ether. The emer extracts cocaine, 
and if the residual solution be now rendered 
stroi^ly alkaOne by KajCO,, ether will extract 
hygrine together with a neutral oiL These 
may be partially separated by distillation in a 
current cf hydrogen, 1j[ie greater part passi^ 
over below 140' (Lossenl. Tmok yellow oil, 
with strong alkaline reaction, bnming taste, and 
qharaoteristio smell resembl^^ ^-methylamine. 
Fumes with HGt Slightly volatile with steam. 
M. soL water, soL alcohol and ether. Its aqueous 
Bolutloq ^ves a white pp. wHh SnOl,, and a 
light blue^p. with GuBO,, n<fr reduced on boil¬ 
ing. It also ppts. HgGl, and AgKO,. It forma 
a deliquesceWt hydrochloride, the aqueous solu¬ 
tion of which gives a brown pp. with iodine in 
El; a white pp. with HgOI,; yellowish flakes 
with PtOl,; a yellow powder with picric acid; 
and a white pp. with tannin. The platino- 
chloride is decomposed by boiling water (0. da 
Goninok, Bl. [2] 45, 131). The above are the 
pr^rtios of the hygrine described by Itossen, 
wHo states that it is not poisonous. Stoclmian 
{Ph. [3] 18, 701) found in dried coca leaves a 
very miMte amount of an oily alkaloid with 
burning taste and strong odour, which, however, 
was very poisonous. W. C. Howard (Ph. [3] 18, 
71) obtained, by addi^ PtGl, to a solution of 
crude ooomne, a semi-crystailine pp. insoluble 
in water at 80'; this platinoohloride contained 
18*5 p.o. Pt and yielded * base that gave no 
orystallisable chloride, did ngt smell of trime^yl- 
amine, and had a bitter taste. Hesse (Pham. 
Zdt. 1887, 669) came to the conclusion that 
hygrine was tri-methyl-qAnoline, but he worked 
with only a few grammes of the substAioe. 
According to Liebermann (B. 22, 675) the bo- 
called hygrine is a mixture of oxygenated bases. 
He found that crude hygrine, a very dark li^d 
smelling like piperi^ne and nicotine, was 
strongly alkaline, Mid almost entirely soluSIe in 
water. After dissol'^g in ether, drying with 
sticks of EOH, and fra^onaliy distiUtog nn^ 
60 mm. pressure, two ^ourless liquids are ob¬ 
tained, filing Q»der 50 mm. jireasure at 128'- 
131' and 215' respectively, ancUaiavingJfre con¬ 
stitution 0#H,'^0 and ♦. • 

Base GJE[,4K0. (o. 130' at 50 mm.); il94' 
eor. at 760 mm.). ^ <40. V.D. (H»l) 

68. This base, which is isomeric with tropine, 
may be distilled in a^ourrent of nitrogen.— 
B'C,H,(N0.),PH: [US']; yeUow needles, m. sdU 
oold water. * 

Base (^15' at 60 mm.). S.0* 

*982. Decomposed bv distttation under atmo* 
spheric pressure.—Salts.— al 
100®): wnite ory8ttllinepo^er.TrB"B[^a,OL j 
egg-ye»)w pp. — B”(C;H,(Nb*),OH),: orysf^ 
(from boilmg water); v. sL sol. colt water.-* 
Methylo-iodide Brnfesli: white isiystalltoe 
powder. ♦ 

ETlCSKfOIOTTOHlRX An>iw, 

loid contained in the hark of 
adosZsam from whiA H may Be obtaia^d W 
mixing with lime and extracting with 
term (Naylor, Ph. [8] frS, 817^18, 19«* 1^ 
extremely slow evaporation of its atheitet 
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ttoB tt may be obtained is a OfyetaHine form, 
bat otherwiae it ia im amorphous deliquesoent 
mass. Its solutions are alkaline ia reaoti^ 
hare a persistent better taste, and are opticsl^ 
inaotive. Its hydroohloride gives pps. withij^e 
nanal aUcaloidal reagents. Ck>no. gives 

a lemon-yellow colour changing td wino-r^ wiUi 
bronsy lustre.—yellow amorphous 

powder.—B"^OV 

Ethyloioflia$ roaette^of needles 

(from alcohol). 

HTOCAPFEXKX V. OtfraiNS. 

HTOCHOUC AfflD An acid ob¬ 

tained together with glyooooll, by boiling hyo- 
glyoooholio acid with aqoeona EOH (Strocker, 

2. 70,191). Qtanoles (from ether).'Boktoely 
sol. water, v. ac^ aloohol and ether^ The solu¬ 
tion of its ammonium salts is ppd. oy solutions 
of metallic salts.—BaA', (dried <t 180*^). SI. 
sol. water, sol. aloohol. 

^•HyoohoUe acid An acid obtained 

in like manner from (i8)-hyoglycocholio acid 
(JoUn,H. 13,206).* It differs from the preceding 
chiefly in requiring a larger amount of Na 3 S 04 
or KaCl to ppt. ita sodium salt from aqueous 
solution. 

HTOBTSXiTSIH Os^HjgO,. An amorplfous 
substance, homologous with dyslysin, produced 
by the continued action of boiling hydrochloric 
acid on hyoglycochoUc acid (Streoker, A. 70.189). 

Insol. water, EOHAq, and aqueous N£[„ sol. 
boiling alcohol, m* sol. ether. 

HTOOLYCOCHOLIC ACID Occurs 

as sodium salt, together with a smaller quantity 
of hyotaurocholio « 2 id, in pigs* bile (Streoker a. 

Oundelach, A. 62,205). * 

Preporai^.—Fresh pigs’ bile is completely 
saturated with Na,S 04 ; the mixture is heated 
for some hours, and^chen left to cool. The re- 
■ulUng pp. is washed with a cono. solution of 
Na,S 04 , dried at 110^, and treated with absolute 
alcohoL The alcoholic solution of sodium hyo- 
gl^ooobolate is decolourised with animal charcoal, 
aad the salt ppd. by ether. *The aqueous solu- 
tio^of the sodium salt iv^pd. by H,S 04 , and 
the pp. dissolved in alcqbol and thrown down 
tgain with water. Tbg acid separates in trans¬ 
parent drops. « 

Aooording to folio {E. 11,A17) hyoglycocho- 
tio aei^u accwnpaniM by a smaller quantity 
cA a fflj-iftmieride, the sodium ftlt of which is 
lea^ readily ppd. by Ka2604. A solution of 
Na^Of saturated* at ppts. Strecker’s acid 
only. • 

PropertUi, —Whitc^resin, si. sol. water, im¬ 
parting an acid reaction; v. sol.,alcohol, inso). 

‘ciber. It melts under hot water, and then has a 
silky apneuwnce. Dis^ves readily in alkalis 
and alkaline wwmrbonates. •Dextrorotatory, 
the »dium salt is opticallf inactive 
(mm|M, 0. Q. 1859,651. ft differs from glyco- 
chouc add by its ^ring solubility in W&ter, and 
by fOrmfeig p^. insol. water with baryta and 
mnc. Assolation of its ‘sodium salt is ppd. by 
metaUte salts, even by KaOT, ECl, and NH 4 Cf. 

It gives Fette^ofer’s test for bilea 

ftwcfiofls.—d. Dilute mlp)wA acid has no 
aotioa; eono. H^BO^laotens it with evoloHon 

of 80f.—2. Cono. HllOt gives off nitrons fumes, I __,__ 

aad iMves a«y«Uowisb mass, chiefly consisting p87; Ladenburga. Petersen,B. SO, 1661). 


bf outlie acU tod elKflestoric add OnH^O,.— 


8. ioUing cono. HOlAg fotms hyodyslysln and 
glyooooll. Boiling aqueous potash acts ia like 
manner.^ 

Salts.—IS^fA*. Ppd. by adding ammonium 
ohloftde, carbonate, gr sulphide, to fresh pig’s 
bile, or to a solution o^be sodium salt Crys¬ 
talline powder; v. sol. water, v. si. sd. cono. 
solutions d ammonium salta. Decomposed by 
^boiling with watA.—NaA'daq: white non-deli- 
quesoent ponder. Its aloonolio solution yields, 
on evaporation, a transparent varnish. It has a 
persistent bitter taste.—KA'^: white amor¬ 
phous mtub ; ppd. b^ adding £01 to a solution 
of the Na salt. Melts under water or dcobol, 
but wheir quite dr^ it does not melt, even at 
120®.s-BaA't2aq: 8l.|ol. water, v. sol. aloohol, 
—CaA ^2 2aq.—AgA': gelatinous pp. which be- i 
comes flocoulent on boilinid « 

(8)-Hyoglycooholio-aci€ Cl^ 4,K(1^? Re¬ 
mains in the mother-u^or wbe^ the ordinary 
or (a)-hyoglycooholate off sodiiun is ppd. by ice- 
cold saturated Na^SO, (Jolin, E, 11*417; 12, 
612; 13,205). When this mother-liquor is eva¬ 
porated sodipm jB-hyoglycooholate sepa¬ 
rates in f ark brown oily drops, wMoh solidify to 
a sticky mass. This is washed with ether, and 
then presents a white curdy appcar^ce. 2t is 
V. sol. alcohol and water^The free acid and its 
salts greatly resemble flleir (a)-i8omerid68, but 
the salts of the (d)-aoid melt, as a rule, more 
easily, and hav^ a less bitter taste. (8)-hyogIyoo- 
ehoIiQ ac!d gires Pettcnkofei^’s reaction. The 
(a)-foid is ppd. by dilute acids more readily than 
the (3)-aoid. The alkaline salts of the ^)-aoid 
are more soluble in water than those of tne (a)- 
acid. The Ba, Ca, and Mg salts of the 09)-aold 
differ from those of the (a)-acid in dissolving in 
excess of the sodium salt. The sodium salt of 
the (8)-a cid is dextrorotatory. 

oYOSClKE. This name was first used to 
denote the base, subsequently proved to be tro- • 
pine, obtain^ by sapo^ying hyoscyamine. It 
was then given to a bgse that aocomp^ies 
hyoscyamine (g.o.). 

HT08CIH1C AOID is identical with Tabric 

iOID. •* 

ETOffCTTAMlirS O^H^KO^ Dyboisiru. 
Daturine» [109’^. Ah isomeride of atropine 
cvccurring in henbane {Hyoscyamua niger) and 
in other species of Eyoscyamua (Geiger a. Hesse, 
A. 7, 270; Hdhn a. Reichardt, A. 157, 98). «It 
occurs both in the seeds and in the Juioeof these 
plants, and is accompanied by hyosoine (Laden- 
burg, A. 206,282). It accompanies atfopine ia 
the seeds *of the deadly nightshade (Afit^ 
Belladonna) ; indeed Ladenburg (B. 21, ^65) U 
of opinion that atropine k an ^tioally inactive 
base standing to hyoscyanShe in^e relation of 
racemic acid to fievotartario aoiaT From 20 g. 
of offmmeroially pure atropine aoroobloride 
Ladenburg isohitea by recrystalUAtion 1 g. of 
hyoscyamine aoroohloride, and to this he attri¬ 
butes the statement that al^pine can be con¬ 
verted into hyoscyamine. Hyoscyamine ocean, 
mixed with atropine, in the seMS of Datura 
Btrakonvum (Pesd, 0. 12, 8^ Ladenbiftg, 0. B. 
90, 874; B. Sq)&id| A. 2M, 196), and in the 
leaW and twigs of Duboieia myoporoida (F. v. 
Mfll]era.Rammel,C./.65,83; Genard/Pb^]6» 


cyamine mixed with hyosoine ognm io the roA 
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of SeopoUa japonieai hyosoyamina also ooours. 
la the root of Scopol^ Hlardnaokiana (B. 
Bohmidt a. Hensohke, Ar. Ph. [3] 26,^85.214). 

Pr<^ration.-~Henbane seeds are extracted 
with Doiling alodtol (98p.o.) aciduUtea with 
iartario acid, and whew the alcohol is distilled 
off the residue senarates into two Uyers. The 
upper layer is a groen oil, which ii^haken with 
dilute H 3 SO 4 , and %e acid liquid, after nearly 
neutralising with KgCO„ is filtered and evapo¬ 
rated to a syrup. When alcohol is added to this 
•VTup EfSOi separates, ^d the alpoboiio solu¬ 
tion must be freed from alcohol by distillation, 
mixed with a little water, and shaken with 
K,COa and chloroform. fThe alkafb^d is ex¬ 
tracted from the chlor%form by 'dilate 
and the acid solu^n, decolourised by animal 
charcoal, e^para^,%Dd allowed to stand in 
contact^witn CauD,. • The liquid is finally 
mixed withesand, evaporated over H^SO^, and 
the alkabid extiacted^y chloroform, ffbm whioh 
it orystallises in long prisms (Duquesnel, /. Ph» 
[ 6 ] 6,131). 

Property .—Needles (from dilute alcohol), or 
prisms (from GHCl,). More solubla in water 
and dilute alcoholthan atropine. Ltevorotatory: 
[®]d = —al®. It enlarges the pnpil of the eye in 
the same way as ataaiine. not soblime 

(Blyth). • 

Reactions. —1. Converted into atropine by 
heating for 5 or 6 hours above ^te melting-point 
(E. Schmidt, BAti, 1829). The^ptical Mtivfty 
of hyosoyaznine may likewise be diminishid by 
allowing its alcoholic solution to stand in the 
cold %fter a Sight addition of one of the follow¬ 
ing bases: NaOH, SOH, NH„ NMejH, and 
NM«,OH (Will, B. 21, 1717; Will a. Brcdig, B. 
21,2777). The optical activity cannot be re¬ 
duced below —1*89° by this method, so 
that if Ladenburg is correct in holding atropine 
to be optically inactive, the conversion of hyos- 
oy^ine ipto atropine is incompdete.—2. Split 
up\y boiling dilute KOI into the same products 
I atropine, via.: tropine and tropic acid 
ldenbarff,B. 18,607). Baryta-water gives the 
one prodnAs. • 

Salts.-B'HAuOl^; [159®! (L!); [162°] 
Vifl); golden leaflets with brilliaDt Instre 
jadenburg, B. 13, 109)- The corresponding 
oroohloride of atropine melts at 157® and has 
0 lustre. The atropine auroohloride melts 
nder water, that of hyosoyamine does not* 
[yoscy^mine auroohloride is less soluble in 
'ater at 60® than atropine an^hloride.— 
fiOj (dried at 100®). Slenaer needles. 
206 ®].-^admioiodide: needles (from alco- 
tol); almost insot^Tater.—Hydro Drifhiide: 
ompaotpria«s(fr(imwat6r).'f-Piorate: yellow 
lily pp. quickly changing to reotangnlar^lates. 
IpUtinc^hlorida: Hriclinio (Fook, 21, 
.720). w 

Hyoielnc 0 ,tH^O|. Amorphous hyoscyam- 
We. Oolouriesswyrai^ fluid. Occurs in the 
nother-Uonor from which hyosoyamine has crys- 
»Uiae4 It closely resembles hyoBoyamia|, both 
A its mydriatic Mtion om th^ pupil of the eve 
ind in othev respectl. Boffed wdh water it sphts 
)p into \topio acid and psendotropine. Solution 
a fayoB^e hydrochloride is precipitated bv 
and E^FeOyr 

^Sslts.^'fiduOi*! yellow prisAa. 


—B'HI^aq: (dried atlftO®); small monooHnic 
prisms; a:6;c='938:1:1*867. M. sol. water.—^ 
w'HBr 8 ^aq: trimetric prisms ;a:b:c »*601:1: *411; 
\^H. sol. water.—B'jHjPtSl#: octahedral crys- 
tiils, sol. water and ether-alcohol.—Piorate 
B'OeH,(N 02 )^H: prisms (Ladenburg, B. 13, 
1549; 14,1870). 

HYOTABEOCHOLIC ACID 0„H„N8O.(?). 
Occurs in very small quantity in pigs* bile 
(Streoker* A.*70, 180). • Apparently split np by 
boiling with HCl into taurine and hyooholio 
aciA 

• HYPO-. UseofthisprefiMappUedtoinorganic 
compounds : for hypO‘ compou^s v. the element 
the hypo- compound of which is sought for, or 
the saUs^e the name of whioh^ypo- is prefixed.< 
Thus hyp^bismuthie oxide 'sffll be found under 
BzsuuTfi, oxmss of; hypo-bromous add and 
hypo-bromitik will be found under Bbomimb, oxy- 
▲cxns of; hypo-phosphites will be found under 
Phosphorus, oxy-acids or. 

ETFOGKIIO ACID. This name was given 
by Qossmann a. Soheven {J!. ^4, 230) to an acid 
of the oleic series C,eH, 402 , melting at 33®, snp- 
posed to exist in earth-nut oil (c/. SchrOder, A. 
1^, 22; Caldwell a. GOssmann, A. 99, 810). 
According to Scbdn (A. 244, 263), however, no 
such acid can be obtained from the oU, which 
containBW>lein and not its lower homologue. 

HYPOQDEBEACHINB [80®]. 

An alkaloid ooourring in quebracho bark (Hesse, 
A. 211, 2641. It is a strong base with bitter 
taste, V. sol. alcohol, ether, and chloroform. 
Forms yellow amorphous salts.—B'jHjPtCl. 4aq. 

HYPOXANTHINE Sarchto. Sar- 

hint. S. *33 in the cold; 2*28 at 100®. S. (al¬ 
cohol) *11 at 78®. Occurs in the spleen of men 
and oxen (Scherer, A. 828), in the bone- 
marrow of men and calves (Heymann, Pf. 6 , 
194). Occurs also in the muscular tissue of 
horses, oxen, and hares (Strecker, A. 108,187}, 
and in the blood of corpses (Salomon, H,2.g4_) 
It is a product <d the reduction of une aotd 
GsH^N^O, by sodium-amalgam (Streckig a. 
Bheineck, A. 131, ttl). It is formed from blood- 
fibrin by the action otf pancreas-ferment, and in 
much smaller quantity 4 ky the simple decay of 
blood-fibrin (Krause H. Salomon, B. 11, 674; 
12,95; 13, 1166); in both cases itseformation 
may be due tp the presence dP nucjpln ^ the 
blood-fibrin, since it is not formed from purified 
fibrin (Kosael, H. 6 , 156; ^Bittenden, ^ Th. 
1879, 6 y. Formed, (together with xanthine, 
leucine, x^osine, guanme, and car^e, in the 
decomposition of the proteid constituents of yeast 
(Schutzenberger, Bl. [2] 21, 204; Kosse^ 3. 8 « 
2911. Hypoxanthine is also formed by the action 
of cnlorine-water on cEraine ^HaN 40 ,(Weidel, A. 
168, 3621. H^oxanthine ^^panies oaffMne 
and xanfnine in teA (Baginsky, v. 8,896). 

Pre^rafion.—ExtEi^t 06 meall U diuolvad 
in wat^ and ppd. with lead subacute. 
filtrate is freed from lead by oonMntiate^, 
and ppd. with an^ponia and AgNO«. pp.i 8 
dissolved in^e sma^est possible qnanUte of 
dilute HOI (KG. 1*1). The omnpoqnd of ^pd 
xanthine and AgNO, geifkrates 9n oooling,%na la 
s^sequently decomposMbf (Nenbanc^ 

Propsrftss.—Bfinnte.teystaU, ML sol vtofiik 
?. si. sol. alooh(fl. Beadil^ sqiabte.in addfe m 



HTPOZAirrHlNB 


■IbBi. Ppd. b;CO,temitiSolatioD'maqa«.NCl,H,N,OBkOA: *>7** 

001 KOEL Neotral io Utmas. Ppd. by phoi- fgelatinoM pp.-^,H.«,0 
pbomolybdio loii in uid aolntion. Aoeminf " ' 

to Eoh «1 (£r. 0 , 4 lB) it eumot b* oxidisiAtb 
zantbine aa tonnady aoppoaed. • 



Salta. 

. . 

vary aolaUa in hot, ttatat.—0,H,H,0HBi.—i 

'a.—I 


aq: tabka.— « 
yeUo» oiystaS, al. aol. sold, 


OAHiOHNO,! (at 100°^: laiga ^at^- 


Oryatalliffta irom mwuuih au mhhlh aomaa. 
DiaaolTea is 4,}60 pta. of oold dilste HNO, {S.O. 
1-1). 'Tba ppn. o< h^oxanthtoa by AsKO, ia 
prevented by the preaenv oi gelatin in tns aoln- 
tips (Salbogehi , Pf. 6,91). 

HISTASABISk V. Di.oi1:.asimuqiiiniHnu 


A. 


I 


XBOTZH. A. glaeodde said io oooar in the 
tqneoQS extract of the seeds of Ligtistntm IboM 
(Marti^ Ar. PK 13, 338). The solotion is 
ppd. wiA lead adCtate, and toe pp. decomposed 
by HfB and exhanst^ with alcohol. It is a 
yellowish-white powder. Cone. HoSOg dissolves 
it, forming a red solution, which loses its colour 
on addition of water. • * 

XCACDf 0«H,,0 or (Fluckiger); 

(Stenhouse a. Groves, ^1.180, ^oo; 0. J. 
23,175); C,,H„(OH) (Hesse. A. 192,181). The 
iaet formula represents it as amyrin in which 
one hydroxyl has been displaced by hydrogen. 
Icaoin ia the crystalline resin of conima or In- 
eense resin (Scribe, ACh. [3] 13, ICO). Steam- 
distillation expels %n essential oil, oonimene 
(g.«.), the remainiifg resin being almost entirely 
soln^ in alcohol, ^om which it is deposited in 
silky needles on cooli^. It may be purified by 
reomtallisation fromTlign^. It crystallises m 
needles [175°]. Insol. water, m. sol. boiling 
alcohol and petroleum, ▼. soL ether, CS„ and hot 
b^sene. ^t oono. blackens it. 

n^ieousn 0^^ [36°], (205° at 15 mm.). 
8.0^; *778; ^ *749 -734 Formed by reduc¬ 

tion M the diohloride of hSptyl tridecyl ketone 
With HI and P. Produetd by treating n-decyl 
iodide with slices of soCum; the reaction which 
begins in the oold is fini&ed bv heating to 150°, 
and the prodneteis mixed wnh alcohol, water 
bein^tl^ addA, uid the hydrogarbon rectified 
and finally crystallised from ether-alcohol. Ob- 
tainld also by fdtgtiooaiiiig paraffin from brown 
coal (Krafl, B. 15,171^, 19,2220; 21^ 2262). 

loomisvz EieosyUne. (315°). 

8.0. *818. Prepared from ozokerit, or the 

Wolid paraffin [87°] Irom brown <k>al by heating 
wHh rCl, at 170° and ^tilling the resulting 
nf &iwlia(ek, B. 12,69). 
OoiMines wit^^r and 01 forming oily^ 2 »^wBr, 
•od iv» Dx-obkobo- and 1 >i-bbomo- 

loosiunmjr^ • * * 

XOOMVXra Dideune. (330°- 

e.0. ^ *986. [•]»» -2°. Obtained 
tram Che fraction (380°>840^ of the product of 
the distillation of colophony, by %noTisg other 
sinsatonted hydrocarbons by treatment with 
H«BO4orHHO.(Bcnard,t7.H.106.1086). do- 
loQ^fcMp noo-nnorsscant, oik Does not alter 
when exposed to aii^ and is not affected by 
—. . 1 .. nm Iwnmiae io. the 


** # 

cold. Oeeurs to the ex^nt of p.o* In the 
resin oii* t ^ 

IDBIAXiIH The essentitl consti¬ 

tuent of idrialite, a mineral found mixed with 
cinnabar in th% mercury mine of Idria (Dumas, 
A. 5,16 ;^chToiter, A. 24, 336; Ltfinrent, A. Ch. 
[2] 66,143; BMeker, A. 52,100; Qoldschmiedt, 
J. 1879, 865; B. 11,1579). ExtraotCfi by boil¬ 
ing idrialite with eylene. Glittering plates. Mav 
be distilled in B oorrenf^ GO,. Almost insol 
alcohol and ether, v. sol. boiling oil of turpen¬ 
tine, V. 6. sol. C^,. Fuming H 2 S 04 forms a sul- 
pbontc a6id. i It gives no V^tyl derivative. 
Oxidised by chromic acid to palmitic and stcario 
acids and oxyidrialin C^H^jO,,, a red sulutaace 
which forms a deep-violet solution in B^Oq. 
Oxyidrialin may be reduced to idrialin by*distil- 
lation with zinc-dust, but it gives Bteario«aoid 
when distilled in a oorrent of hydrogen. 

Bromine-water converts idrialin into 
GMH,^r„0,. Br in HOAc forms CMH„Br„0„ 
a reddish-yellow powder, v. sol. hot chloroform < 
and benzeiu. Boiling oono. HNO, forms 
G,,Hu(N0,)„0,. Fumiqg HNO,* pxodtoes 

IBETL is identical with Fluobxntukne (gfe.f. 

lOASTTBIlTE is impure BBUOiKB*(SheQStoue, 
C. /. 89, ^57). 

ILICTL ALCOHOL (Personne, €, R. 

93,1586; BL [2] 42, 150); 0,iH„0 (Divers a. 
Kawakita,^0. /. 63, 274). [176°] (P.); [173°1 
(D. a. EL), (above 850°). Birdlime, obtaidia 
|,by fermentation of the inner bark of the holly 
Ilex Aquifolium, is a greenish tenacious sub- 
stanoe, which when dri^ at 100^ and Extracted 
by chlorofohn or ligrotn leaves an ash mainly 
composed of calcium phosphate. The evaporated 
extract contains a compmjjpfi ether, which may 
be saponified 1^ aj^hoUoBlOH* elastic sul^ 
stance resembling caoutchouc 1^>arates, and 
when%be liquid portier is TOured into water a 
gelatinous pp. ^btained, wnioh <nA be purified 
by repeated oiynaUisation from alcohol. Needles 
(from alcohol or by sublinll^on); insol. cold 
water, m. soL alcohol, miscible with boiling li^t 
petrolenm, ether, and chloroform. On heating 
^ith balmitlo acid a fubstanip resembl&g bird 
lime Is formed. ^9^ • 

*Ac$iyl d7rivaHvt[m% 

, XLXXA2ITHnrO,i^. [198^ Oooursic 
^e leaves of the hwy (iMs Aqu^Hum). Ob 
tained from the leaves gathered is An^t bj 



ethe| 


m 



a' Bol. forming a y^w bo\u- 

FeWing’a solution. Dissolves in 
1^. Ai k a hs and alkaline oarbo&atea turn 
aqueous solution orange-yellow. FeCl, colours 
solution green. Lead aostate and dbbaoetate 
'e a splendid yellow pp., soluble without colour 
Metio acid. Ilixanthin dyes cloth, muydanted 
Ih iron or ainmina, yellow. * A yellow ciystal- 
>e 85^8tanoe,0,BHa,0„, wmoh maybe extracted 
•m the leaves of buckwluat (PolygonAun Fago- 
rum),.di^r8 Irofli iScanthin only in^ving an 
ve-brown colouration v^?feh FeOL i^hnnok, 
OaM. 1899, 201). \ 

IXABEVZIL t>.*vol. i.\p. 467. 

ItfIDES. Compounds containing the diva- 
Qt group imidogen NH united to a divalent 
id radicle. T^py are for the most jfert d^ribed 
ider the acids which may be obtained frofli them 
r displaoin* NH by (OH)^ 

IHIOO-BI-ACETIO ACID v. Di-OLTCOLiiAiaa 

IID. 

BMHIBO-s-DI.AMIBO.: 

,H.(NHj),(NH)j [1:4:2:6]. The nitrate 
,H.;(NH)2(NH2,HN0,)2 is obtaineidias a pp4o{ 
nail green needlfe by adding an excess pf 
e,Cl, to a solution of s-tetra-amido-benzene 
ydroohI9nde (l«pt.) and ordinary HNO, (2 pts.) 
i water fl6 pts.). By solution in cone. H,SO« it 
I converted into s-di-nitro-di-amido-quinone 
l,(N0j),(NH,),0, [1:4:2:6:3:63 (Nietzki, B. 20, 
116). 

lklBO.A](lDO.STHSETI.-o-AHll>O.FEE. 
Cn*-MEECAFTA3f 0,H,N,S probably 

:,H,<^^C,CJNH2):NH. [160°]. Obtained by 

lissolving o-amido phen^l mercaptan in an ex- 
!es% o( alcoholic cyanogen. Colourless needles 
from aloohol)«(U plates (from benzene). Weak 
lase. By heatmg with aniline it is coAverted 
nto thp taono- and di-* phenyl derivatives 

3^,<;^^C.C(NHPh):NH and 
!3^,^g^O.C(NHPh);NPh, with avolntion of 

NH,. Warmed with an alcoholic solution of o- 
amido-phen^l mercaptan it is converted into the 
anhydro-oxalyl derivative of the latter • 

0,E[.<g^O.O^>C|H„ ammonia being 
evolved. Cold aloohoU/KOH rolits ofl I&i,. 

giving the acid Salt^ 

B'H,01.Pt01,.-e'H01AuCl,* (Hof»ann, B. 80, 
2868) • 

])I.I][I])0.AKn)(W)BCIN V. Aumo-ni-iitiso. 

**'nitIDO.AlIIDO.DI-PHEirn. SVLFEIDX v . 

i wm n.n,m».lil.PHasyL BOnraiDS. - • 

I»l-llIU)O.AIIID(FHBSOB|IK»o. Akido«i> 

ntXDO-BXSOBOIK. •w.vvawvvh's 

mXBO-BSVZTIt ISOAKYIi SXILFHID® 
O.A,N8 U OA.O(NB)'.8.q,H„. Formed by 

_ ri-m walvinM ftf laflftTVITl mATOaDtan 


S asonitrile, and deeou 

line hydrochloride l^Ol ^with aqtisoM 
(Pinner a. Klein, B. 11, 1828). OO. 

—''IBO-BIXm BTHTl BBlPHIia 
, ^ ’8 t.A From benzoni- 

tails, meioB]^h,Mti'ECl. iiiotaomftiiiJwia- 
anude aid Eae^Bemthsen, A. 181, 848V Oil- 
Beadily splita up into benaotolHle and metoap. 
tan. Its alcohoUo ablution (d^aa ppa. with 
•0uB04and HgCl,.~B'HCtt: [188®]; Aiort thick 
prisma, V. e. sol. water andVloohoL~B's 
needles.—B^HI: [142*^; monodinio prisma. 

HaBO-BI-BEHZrt 8tTI.mDE 
0A0(NH).S.CH^0,H». The hydrochloride 
B^HOl [18l°] is formed by heating tmobenzamide 
with benzylaqhloride, or by pasdng HOI into n 
mixture (ft bwzomtrile and bepzyl mercaptan 
(Bemtbsen, J. 197, 350). 

IMIDO-BITIjrEXC ETHEE v. Aonro-icano 
XTHSR lUIDE, VOl. i. p. 19. 

jKIB0-CAEBA]aNE.THI0 Bi;T7BI0 ACIB 

tr. THXO-UBUUDO-BTTXtBIO AOIU. 

IMIBO-CABBONIC ETHEEBa These com- 
j>ounds, having the formula KHrCtOB),, are more 
properly described as ethers of imido-formio 
orthaldehyde (9. vX 

IMIDO-OOnMJAIir V. OoUHXRiN. 

IXIDO DIETHANE BIBULPHOHIC ACID 
V» Dz-ETHTL-AMDtS BI^ULPHONIO ACID. 

IMIBO-BTHEBS. Compounds containing 
the group C(OEt)(NH) (Pinner, B. 17, 182,184, 
^2002, 2007). The hydrochlorides of the imido- 
ethers are formed by the action of dry HGl on a 
mixture of a nitrile and an alcohol, dissolved in 
dry ether. The hydrochloride a obloro-amido- 
ether BO01(NH2)(OEt) is first formed, but this 
rapidly splits up into HCl and BG(NH)(OEt). 
The hydrochlorides of the imido-ethers react 
with alcohols, forming oiAioformio ethers: 
UC(NH)(OEt) + 2R'OH - BO(OR'),(OEt) +NHJ. 
Alcoholic NH, turns imido-etbers into amidines: 

BO(NH)(OR') + NH,» BC(NH)(N£U 
Primary amines act like ammonia, but potash* 
and tertiary amines do not act upon tree imido- 
ethers. m * 

IICIBO-POBMIO OBTSALDEHYBS 
HN:C(OH),. Imido^carSatm acid. 

Methyl ether Obtained like 

the ethyl ether by reduction of itschlom' deriva¬ 
tive C1N:C(0M8), (^lorimido-cff^nio-ihethylw 
ether) with potaslium arsenite. very vaUal*. 

Ethyl ether HN:C(OEt),. , Prepar^ by 
shaking 15 pts. of *chlorimido-aarbonio ether' 
(GlN:C(OEt)|i) with a solution of 11 pts. of As^, 
and 80 pts. of KOH in 12^ pts. of water, not 
allowing the temoerature to exceed 60°. Alka¬ 
line liquid with oaourresembUng trimethylamine. 
Miscible with water but q^parated by addition ot 
NaorOHKOH. On distiliktiosw^^^rge part de¬ 
composes. ]py acids it is deoompo|^ into NH, 
and carbonic ether. By hypochioniB| it is Bon- 
verted intop * ohlorimido-caAonid ethir' (Sand- 
meyer, B. 19,864). The hydrochloride donned 
by passing HOi, in the dry ethereal BolQti|n,iaa 
thi^ liquid, which decomposes on hutting into 
urethane and ethfl chloride. 

* IlCZBO-Dl-FdBlCIO XTHEB Id. 

KH(QP,Et)r [50°1- (926° ai 760 n^; 
at 20 mm.). One of the products of title aotioii 
o| ^oro-iormio acid on pqjtassium jiyanate ^ 


id. 0 aHg.v(Nli;.B.V 4 O.n. runami uy up qauuav-awiauau wmw wu ^Mtwuiuu jiyoBatv xb 

ftra int^jnixtureof iaoamyl mercaptan ypresenoe of ether (Wurts a. Hennii^, C.& 



Ttt 


qCCDO-BI-FORMIO sraiSK. 


.. Iiosgprisai. Tansy 

binrat wbes heatea vSth aqseona 


100, MMi 

vSth aqseona 

|N0|: <mb68, blackens at 100^ m 
jB-lihOO^tTrilLKIO BTHIB %f 

OO^t.C^O(KH)^GONH,. Fo«ned 

bv the action of aqueous ammonia on ^tone* 
di oaiboxylio ether COiOHrCO^t), (Smkes a. 
V. Fechn^n, Am, 8,877;. Long, flat, colourless, 
flexible needles; si. sol. oold water and ether; 
aoi hot water and algohol; m. «ol? hot CHOI,. 
Heated above 86° gives off water and ammonia. 
Fe,Ol, gives deep red oolonration. Soon de< 
composes in aqpteous solntion. PtCl^ giyes 
(K^,PtCl«. KaNO| in acid solution gives a 
yellow pp. [178°]. Boiled with Na,CO, it gives 
di-oxy-amido-ft^dine (C,H,N,OJ. . * 
naBO-HUOlC ACID. Nitrile 
KH:CBtCHMe.CN. [48°J. (258°)* Formed by 
the action of Na on propionitiMe dissolved in 
ether, the product being decomposed by water 
(Meyer, J. pr. [2] 38, 336). Plates, si. sol. water, 
▼. soL ^oohol ^d ether. Cold cone. HClAq 
oonverts it intd m.GO.CHMe.CN. Cone. HClAq 
at 150° forms di.ethyl ketone, NH„ and CO,. 
Bednced by sodium in alcoholic solution to 
propylamine. 

mido-di-lsokexoie acid. Niirile * 
HN(CJ9,,.CK),. Jfnuioisocapro.ni/rile. Formed 
as a by-product of ibe action of urea upon 
Talene-aldehyde-cyanhydrin. The hydrochloride 
(B'HCl) forms white silky needles, [159°], v. sol. 
mcohol, insol. ether (Pinner a. Lifsebiitz, B, 20, 
3356; ef. Erlenmeyer, B. 14,1868). 

IX^IICIBO-DIPEBNTL S0LPH1BB 

yK Formed by treat- 

ingamido-imido-diphenylsulphide hydrochloride 
^th FeCl, (BemAsen, A. 230, 103). Brown 
needles (from dilute alcohol); v. si. sol. water, 
m. eoh hot alcohol. Beduc^ by alcoholic am- 
motuom sulphide to amido-imido-dipbenyl sul¬ 
phide. Its salts dye silk violet.—B'HCl: insol. 
e^er, ▼. e. sol. water and dlcohol.—B'^HjZnCl,: 
long, dark-violet, needlewf sol. water. 

imBO-DMCALOKU Amide 

HH {CH(C0.NHJ4},^ ^rmed by heating chloro- 
malonlc ether wi^ alcoholic NH, at 140° (Conrad 
a. ‘9* 606).« Prisms; sol. hot 

w atjsa •_ 

^SSM-XBTfiTL ALCOHflli v, FoEMunno- 


BX4]fn>O.9APq0nOL V. AliniO-IlUHTBO- 

oonion-nasi. * 

noDo-oiRATBCETL cja;,^ u. 

I** ^SnH. Dinaphthylearbatoh. [216°].Formed 
0„H,' , • 

hf boiling di-n^tmido-dinaplithyl (dinaphth^l- 
in«]^with a# ezcee> of BOl or othtr acid, NH, 
being elinanat^ (Kiptakf a. OoU, B. 18,8259). 
CiTaUtluea in long colourlega needIA or rihei? 
platae.* Sablimea in colontleu needlei. It die- 
■otrette B,80, with a reddiah-btown oolonr, a 
trace of nitrio add added Ito this solntion pro- 
dnoes a dark-green colonrationlL . 

.Tieiite B'OAmXOK; [226°]; ted 

r dlee (from benaeiu m dcohol); sabliMble. 

Atttyl itrivativt 0-H„KAe: [abore 
100°}: eoUnrlen plates; soT aoetis add adi' 
•loohd, insoV benaene. , 


Vifrotamins [dbow 80<T]t 

small jelloir plates; very s{winglf sol. ordinatp 
solvent,. 

|mido-(«^.dlnapbthylNH<§«J^. (170°]. 

Obtained bj beatinj (Oj-imilo-dinaphthyl snl- 
pbide with powdered copper in a current of CO« 
(Bis, B. k, 2240). Ali^M oolonrless needles; 
si. sol. al^ol, w. sol. ethc¥» e. sol. bensene. 
Its solution shows intense blnidi-violet fluor¬ 
escence. * 

PicrateB'C,H,(NO,),OH. [231°]. 

Acet^l^ derimtitive G,»H,,NAo. [143°]. 
Long yellowish needles (from benzene); si. sol. 
ether, ^yd alcohol. 

llllDOiPI-NAitl^HTL OXXBS C»H„KO U. 

Oxy-di~naphthylamine. [301°]] 

Formed heating imiddrdiAtHfthtl^l sulphide 
with cupric oxide atl*270°, and extracting with 
boiling^benzene (Bis, JBA9,2244).*’ Lemon-yellow 
orystalline powder (frem befizene).* Cannot be 
distilled. SI. sol. alcohol, ether, HOAo, and 
boiling benzene; v. sol. H^SO,. 

Ac^yl derivative C„H,|AoKO. [235°] 
Almost insol. alcohol and ligroin, m. sol. etbei 
and benzene. • 

IKIDO-BI-^APHTHTL StlLPElllS 

C„H„NS Thiodinaphthyl 

amine. [236°]. Formed by beating di-(3) 
l^naphthylamiifiB (10 pts.) with sulphur (2*4 pts. 
fqr 10 hours, the temperature being slowly raice’ 
to 250° (Bis, B. 19, 2241), The product is ei 
tracted with hot benzene, and bailed with ooppe 
powder. Pale yellowish-green needles. Bo 
ether and HOAc, v. sol. boiling benzene.^ Com 
II 2 SO, forms a violet solution. Distillation ov( 
reduced copper forms imido-di-napbthyl. Dii 
tillation over CuO at 270° gives imido-d 
naphthyl oxide. 

Picrate B'(CjH,(NO,),OH),. [c. 266° 

Dark pla^s or yellow^needles; •almostsiosc 
alcohol, ether, and ben^ne. 

IMIDO. DI-OOTOIC ACID G|«H„NO» % 
KH(CH(CgH„).CO,H),. ImidOf^prylic act 
[210°-115'']. Formed, together with formic aoi 
HCy, and heptoic aldehyde, by boiling it# nitri 
(1 pt.) with HClAq (15 pts.) for an hour (Erie 
meyer ^ Sigel, A. 177,130). When tife nihri 
is heated with fuming HClAq at 100° it yiel 
the acid and the imide, from which mixture ti 
acid may be extracted by NasCO|Aq. Whi 
tasteless powder, which becomes pasty at 181 
Almost iliBo). cold water and alcohol* DU 10 I 1 
unaltered in boiling dilute (20 p.c.) HCl, brillia 
needles of its hydroohlonde separating i^ain 
cooling. Strong (40 p.^ftClAxpt 180° resoh 
it into amido-fctoio aoia andtA^toio aldahyi 
Cafi^%: cryptocr^ntalline pp« 

Imide OjB.t^Jbfi.4* t 

above. Needlei, iaiol. eolf, oeai^ ineol. bi 
ing, water; v, lol. aloohol and ether. B'B< 
mknte oe^ei, formed buHuning Hf!l into 
ethereal iolaibm.(BoiUi|pnter ipUtiit npt 
HOI and iha imide. Soiiuig eoae. KOBAq oon. 
verta it into the aoid. 

mtrilt 0,A^r £•• *°J' 

aldehyde (ananfbol) by o<mil||iiing it «it)i 1|IH| 


nDDO-Bi-PHEmrii solphjdb. 


tnd treating the leanlting oenanthoI-ammanSa 
with HOy. Dilate HOI then cUssolvea'out the 
nitrile of amido*octoio acid, leaving the idtnle of 
imido-^-aotoie wdd andieeolved. SEhiok oiy v. 

«ol. alcohol and ether, v. sl^ol. water and Mute 
HOlAq. Split np by boil^ with AgNOi giv»^ 
heptoio aldehyde and AgCy. B'HOl uoiyetal^ 

■of. alcohol: decompoBod by water inlJHCl and 
the nitrile. ^ ' 

IKIDO-OXT- «. OxT-ntiDO-. . 

DI-UCIDO-DI-PHENTL-ACETYKEHE (7) 

di'phenyl^acetylene. Di^irnido-tolane. 8 80*^3« 
Formed by treating an alcohelic aolntitw^f ibo- 
* dUnitro-benzil with tin anf HCl (Gc4uben,J’.B* 
•16,677). Thin tables.. Sublimes at 250'^. V. si. 
sol. boiling sloohoL f Aniftg a solution exhibiting 
violet fla(m8o£ce. HNQa(8.0.1*3) «9onvorts it 
into an amox|ihon8 in«^go*bloe compound. It 
does not cgmbme«vith t^i^. • 

Beneoyl derivative OjgH^ZaNjOj. 
[240°]. Pale yellowish needles (from toluene- 
alcohol)! m. sol. boiling benzene, ^rom^hich it 
crystallises a^igHgBzjNjOgCjH* on aogition of | 

* ^'iMIDO^HEim-BESZQbXOOCYAMIDINE 

** 'iMlbo-PMHTL-PiDPIOHIO’ACID 
C.H..CH.OH.CO ja. Imido-cinnamic acid. 

\/ , 

DH # * * 

Benzoyl deriaatioe C„H,,NO, i.«. 

Ph CH^H.CO^. A body which probably has 

Viz 

* this cSnstituUon is obtained by saponiflcation ol 
its anhydride which is prepared by heating 
hippurio acid with benzoic aldehyde and acetic 
inhydride. The acid lorms monochnio needles. 
•^■225°]. Sol. alcohol and 
water. Healed with aqueous HCl #r NaOH it 
yielfs an «id C.H,0» which is 
tye, phenyl-glyoidic acid 

“de®ri«atiiA 0 / 

ft H iJ N ' 1165°]. fellow needles, sol. hot 
'ffl,*Sr.ol e?hir.insol. water. Earmed as 

,.Ilin>O.DI.PHEHYl-DI.PBOPIOHITB.ip 

0 , 


TW 


L8S,Ol4(B«mthBen,d.280,MJ.— 2 . By thebotiM 
« 801* on diphenylamine aissolved in benzene 
TS_ . ^ .. n nw nnr.AX a T« >ms 


aceMeh^e (iriWer a. Lipp, d. 

Whit powder [8IP] or 

insol. pw( 

„„—le. 1 

1106 °] or rh-. 

to the aonochmo ystem. 

\'^{^a.*jpuodmhea/yUmine. W- 
[.gnoi ( 0 . 871° unoor!), 

phonyl-aiazene. 1180 ]. i®- ■>< 


(HolMUMn, H.21,2004)—8. In small q^tity 
by Bsbting o-amido-phenyl mmaptan with pyro, 
catetoin lor 80 hours at 230° (Bemthsen, B. 19, 

^“^P^c^ratienH-Bj boUing dipWlatmne 
i ( 1,500 g!) with sulphur (580 g.) *“ ® 

Iproduct is distilled in small portions (2Mg.) 
'and the distoalte (60 g.) fi^tionated (Bemthsen, 

A. 230,77; B. 16, 2897). 

Properties.—Slightly yeUf™^ Joa? 

alcohol or benzene), 8ol. hc6 alcohol, HOAe, 
benzene and ether, si. sol. ligroto. May 8® 
limed in plates. Has no basio propf‘‘«®. ““8 
insol. iil»t»fiCl. It oxidises *® 

holio 80 lnti<» turning red m ai.3i ^01, oolouM 
ita alooholio solution dark green. Bromme va¬ 
pour does the^ame. The green imlour is de¬ 
stroyed by alkalis. HNO. mloura the «>lntioa 
in®HOAo green. Cold cone. H^O, gives ofl CO, 
and lorms a greenish-brown ^p^ion “ 

thin layers appears rose-red. • Hot cone. H^BO, 
forms a bluish-violet liquid. Hn 6, forms mtro- 
derivativea which are rednoed by SnCl, toa lenm- 
baso, which on addition of FeCl, Iom» ? ™'®‘ 

dve.* Cold akoholio solutions of imiji-diphenyl 

sulphide give: (a) with aqueous AgNO, a green 
and^a uJk pp.; (6j with Ptd ® 8re» 
pp.; (c) mth CuSO„ HgCl„ and Pb(OAo)„ no 

'^^“jSeocfions.-l. Distillation ^jf®' 

dust gives some diphenylamme.—2. By 
with copper powder it gives CuS 
3 By heating with benzoio a«d and ZnOl, mere 
U Kd phenjl-acridine.-d. EtBr gives ethyl- 

imido-di-phenyl sulphide [102°) 

which orystaUises in lo»8.‘*“ 

Mel foims the corresponding SC,Me 

Acetyl derivative C„H,,AoN». J- 

Prisms. V. el. sol. hot HOAo, alcohol, and ben^ 
ene. Ita alcoholic solntion la not turned greeft 

Benzoyl derivative C|,H,BzNS. [Ml°]. 
Plates (from alcohol); ji. sol. hot alcohol (Fran- 
kel, B. 18,1844). . n . u a. 

Constitution.— The ^mldo group is by 

the ready formatimiof the acptyl “4 
derivatives. The sulphide ohmaster 
I phut is shown the oxidation of tt*.,m«ttrt 
Ldorivative to a sulphone. 

’^sulphide itself cannot V 

■ ^ ■ aiuse the imidogen is first attaArf. 

does not combinf-with Mel, but neithM 
does Ph,S, althpngh Me,S does. The 8 it not r- 


does Ph,S, altbongn uoos. . 

V- position, because that is stiU unoccupied. 
Probably the formula “ 

* CH 


* OH(''^\0'/\o 



Salt 

wr 


u wvJS e 
which would also Bb Indioated by ita ionnatiOB 

from o-amido-jjhcnyl-me^ptan.^^^ 

Beferencez.—AMmo~, Hiino-, M»x*xir«p>0-, 

an#Oxx- uBDO-nirHsirtii suuHiDa. 

ImlAo-dl-phanyl ditaljUd* 

[60°). Fotmtd by tbt lotion 



Ull«XJ-Ui<]'tI£«Xij liUi4FH10& 


an, J9; SI, 30^. SmnU tcUow neadls^ 
loL water, v. il. mfi. sold alMiuil, athair, a*a | 
laana. ^ < #• 

a-IMOKUI^ntOPIOinO AOS 0 ^„ 11 A Aa. 
'(CHMa.OO,H)^ 'DiethytuUiulactamieaM.’ 
itniaetamie ae%d. DikuiamS atid. Fonnad, 
^thar with alanine, b; treating aldehyde 
monia with BOl and HOy aaoeeeaiTely, 
iinti, A. 160, Mi 466, 44; SD3, 376). The 
dnet is boiled with lead hydrate, 61terM, freed 
ai lead by H^, oonomfoated, and mixed with 
ahol. Alanine Mien ■eprCratee, and the mother- 
lor ia mixed with ZnCO, and eTaporated to 
neee. The neidne of xino imido-dipropion- 
is washed With water, and dedoiapoeed by 
1. Ifinnte Sender needles, w» soL water, 
eL alcohol. 

Salts.—KB,HA": reotangaHar tables (from 
ihol) or needles (from aloohol-ether). V. k>L 
^ sL sol. ahiohol, insol. ether.—ZnA": 
into dimet^ teUes, t. si. sol. water, r. sol. 
Ug.-CdA-V : minnte needles (from water), 
lol. oold water, bnt can exist also in a less 
lUe form.—PbA": crystalline ornsts (ppd. by 
ling alcohol to the aqneoos solution).— 
i'Eaq: bine grains, t. sL sM. water and 
jhoL—Ag,A': white pp.; explodes slightly 
in heated. May be ciyst^s^ from boiling 
er.—HA'BCSl: extremely soluble crystals. 
Nitro$amine NO.N(CHMe.CO,H)r The 
iinm salt of this acid is formed by treating 
soid, dissolred in HNO,, with e^um nitrite, 
tralising witbiime, eraporating, and mixing 
^ aloohm and emer. The free acid, obtained 
a this salt by treatment with oxalic acid, 
as fiat eolonrless needles, t. boL water and 
hoi, soL ether. # 

mtriU can, NH(CMe.CN)r (68°]. 
m aldehyde-ammonia (1 mol.) is dissolxed in 
to (80 PA) HQy (1 mol), and HOi or H,SO, 
ddM to acid reaction, a.ainido.propionitriIe 
ntes as an oil. 11, alter removing this oii, 
mixture be allowed t*stand tor several days, 
ilea <d ifflido-dipropmnitrile separate; after 
e time these are h^wed by erystals of hy- 
lyaoaldine and mmlly of para-hydrocyan- 
aa lExlenmem, A. 300, ASO; c/. Drech, B. 6, 
i). ^It is gmiaps (me ol the products formed 
nsffeig a mixtnrs <A aamuftla and alcobol- 
m over nd-bot iron ^uMi, 0. fi.38,106). 
oeliaia Bsedle% (bom ether); eikd 
306011-347:A-.70°31't m. soLeOeohol and 
(, sL S(d. watery Beadi^ soblimaa. When 
ad with dilnte HCS it yteldg s-imido-dipro- 
ieaoid. MBtfa AgNO,i^Teson warming a 
of.AgOy. AgnecmaiEOH has no aotioa in 


Ab 


3: vMlt ssystaDine powder, iasoL e^w, 
mposed xhifvrater iiflo Hd and the free 
la. llitrSsaiAna NO.N(Ca 6 te.ON), : 
ysMow os, heavier than water, scd. aicobol 
ether. 

^IteUa4UyrepteaisasUfrH<OHrOH,OOAr 

'u together with A-amidshpropienle aoida 
f A-todoptOfdonie acid vm NSyBaints, 
66,40; lliildsr, B. 9,1304, tAocoaH not 
ia HI. Bfiap, whiA slowly erystallises. 

**7 tbadse tahUia—tfcd*; pp.-* 
saiabb aiystata. 


U-UallO.BMOBOIft aA(0H), 

Formed by oxidation ol di-amido-resondnwiA 
Fe,01„ K,Ch,0, or exposure Ol’lbe Amlina sidn* 
Mon to the air (Tyi^, fi. 16, 666). Smalt 
roangles^ Insol. water. Dissolves in aqueons 
HOI to amagenta-red solRion, in strongH,SO, 
to a-vioiet Vdutfbn. By Mn and HOI it is re. 
duced agaiiB to di-amido-reaorcin. 

DljilbO-TXBXFHTHAlJO AOIS. Tsfra. 

hydride* This 

\CH(COA0(NH)-^^ 

acid i7’abtained hy saponifying its ether with 
aloohdlic SOH and fpg. vrith HOAo (B6ninger,, 
B. 31, 1766; ef. Baeyer, B. 19,429). It crystal-', 
lises in greenish-yellcfr Mriqpia, almost insol. 
ordinuy Solvents. Ihtorms a ooloulless hydto- 
Aloride B'H,01» crys^ising inflates. In its 
eolonrless derivatives tne aojn has become the 
desmotropic di-amido-terepbtbalio a£d 


Aond 

[1:8] CA(00,H).CH,.NH.CH,.CA(p0A [1:8]. 

[above 800°]. Formed by reduiitiomol the acid 

C,H,(COA-0(»H).8.d5iP).O.H,(COA (from 

m-cyano-bentoio aoid^nd H^) with sine and 
HCl. Grystalline. V. sol. alcohol, ether, bens- 
I ene, and 08,-^ si. sol. hot water. 8obliinable. 
jeltstibsrdotenstio sine-salt i^v. sol. water, alco¬ 
hol, ether, benzene, and OS, (BrOmme, B. 20, 
629). • 

ilOOO-DI-ISO-TAhXIlOHmilB 0 ,AtN, 
U. NH(OHFr.CN), [63°]. Formed, Wther 
with a-amido-isovaleronitrUe and oxy-iscwalero-* 
nitrile by treating isobutyric aldehyde-ammonia 
(36 g.) with (30 g. of) a M p.o. solution ol HOy 
in the cold. The product is shaken with dQnie 
(6 p.e.) HOlAq (200 g.) and ether. The ethereal 
solution i% dried over calcium ehlorid^ and 
saturated with HCl, srbereupon the Qydro- 
chloride of imido-di-isovaleroilittile separates 
(Lipp, A. 305, 1; B. 18, 906). The HySo- 
chloride is decomposed by NHARft and the free 
nitrile dxtracted by ether, which leaves it on 
evaporation as an o9, slowly crystallisihg over 
Honoolinic prisms ; v. si. sol. |pter, ry, 
sol aloAol and ether.—B'HOl. Insol. water, 
which removes its HOh ' 

mVU. Oompounds of divalent hydnear- 
bon radieleswith nnidogen, $ 4 . 

MH. 

Bb u ced a itb. 


XBATOBIX 0,, 

OH,tO.OA-O.(^rO-0 

[76°] (Heat), ^nrs in'^be rogAol masterwort 
(Zm»ni(orMOttnitMwii),togefli«witbteipenas 
(17^-330°) (Waekenndar a. Wamier, /. 1864, 
to); and aUo in the not or B te wedm ina t 
oj)teina)e(B(miaHer,A.6,M1; Botiw, /.'ns.46, 
871; Heat, A. 176,71). Wm be extracted from 
the Toot of PeocsiiaMHit by W pte. alerdipl, and 
reeryttalliaadlromslbMr.limln. 8mal]trunetno 
sixfiided^Msmk AceoMpg to BBbIwtts a. 

Weidel (A. UdfMfW mdto tor to fltfl tea M 

and tJmwtii* at 76”.. InioL w^ 1 ,v. iL 

sd.cold,v.sAhot,aloobidiMLstor. bmm 

taste. HMO, givsa .aHre-iiiqwratcsia, «c|W 
' aad titotonambk sOeMoqitoA 

• • 






1 iitnki] into IfeCII and oroBJon&l poondi ftt whiebr the ol^mofl^ i| 
Ibaingalepholk KOH giifes lormoViemg termed tndopSenoft.' ''V - 

omeelone. • |e Indaminee are tonnjS. by *“• J 

mixture of a jp-diamine wit* an amuia ill 
th* position para- to an amidog^ is poaOpiedoj 
hydromn. The 


iOB a mixture of tolylana-^^diamins 

and o>V>IuxdiiIe resets thus: 

O.H,Me(NHJa+ O^Me(NH,) + 0, • 

*TH 

^ t + 2H|0 

(Nietzki, B. 10, 1157; Nietzki a. Otto, B. *1, 
y36). In this reaction weatnaj* anppose that 
MO tolylene-P'diamme is first oxidised to tolQ> 
.NH 

qoinon^ diaimide I and that' t|^| 

onstable snbstanoe then reacts upon the ^ 
toluidine. * 

The indamine hydrochloride 
• /NH,Ol 


« 

Vitro > imperatozin, so-oalle^ C,,H,,N0ft? 
rabovelOO^]. Hates (from aloohol). Oonferted 
py heating in gaseoi^ into 
swcb crystallises from alcohol ^ trimetno 
prisms, reconvertedthy acids into * nJErO'impera- 
torin.’ • • • 

IMPBBIAIINE We-* 

—86’4® (in chloroform). Ocoura m the bulbs 
of PriHllaria imperiaiis. Extracted from the 
bulb|^l^ rubbing ttp witbAjune, dr^g at 100 *^, 
and exhausting with hot onlorofom. 


The ex¬ 


tract is shaken with water a^dified witti^rtario 
acid, the alkaloid ppd. ^om the ^ncSi^rated 
t aqueous solution by Na^CO,, washed, and re* 
crystallised from alaph^ (Fragner, B. 21, 3284). 
Tbe yiel 4 is 4. ^mrt colourless needles, 
turning yellw at 240®. V. e. sol. chloroform; 
m. sol. hot allohol; si!,sol. ether, benzene, light 
petroleuc^i and isoamyl^alcohol; v. si. sol. water. 

Its solutions have a bitter taste, and are Iebvo* 
rotatory. Solutions of its salts pre ppd. by the 
usual reagenV for alkaloids. Gone. HSO 4 turns 
it pale-yellow. A mixture of the base ^th sugar 
is turned ♦y H 3 SO 4 yellowish-green, pale-green, 
fiesh-Qolour, oherry-&||d, and dqi'k violet succes¬ 
sively. HjSO. and -give a» orange-yellow 
colour. A solution of the base in HClAq is 
fluorescent, and becomes brownish-green when 
warmed.—B'HCl: large cry 8 tal 8 *(lronpalooholi» 
HCl); V. sol. water and alcohol.-*B'5H^Pt(31.: 
yellowish-red crystals (from hot dilute HGlAq).— 
B'HAutjl 4 : yeilow crystals. The aurochloride 
and plhtinochloride are both ppd. in oily drops 
when^ther is added to their hot alcoholic solu¬ 
tions, but after washing with ether they may be 
crystallised from hot dilute HCl. The sulphate i 
is very hygroscopic. The oxalate crystallises I 
only from very concentrated solutions. 

nf AOTOSE. According to Maumen4 (BL [2] 

82, <52; 48, 778) thgp inactive sugar may be 
fanned by ^ssolving silver nitrate (20 g.) in a 
ip\*ion of cane-sugar .(20 g.) in water (100 0 . 0 .); 
after 24hotiratho solution becomes dark-brown, 
and it is then heated to 100 ®, filtered, aAd evaro- 
ratedon a watbr-bath. The residue is heated to 
140®, dissolved iii water, and filtered. To frep 
^e sOAtion from silver it is treated w^h a little 
C*C 1 „ and filtered; the sugar is then ppd. by 
alcohol. Inactive syrup. Its solution readily 
dissolves lime. 

IKCESTSE V. CoNXMEMB, loaciN, and Ou* 
BAKCH. • , 

INDAMIVXS. Colouring matters, the ehromo- 
gen of which bi^ the general fogmula 
is an Homatio nucleus, 

the pitrogen atoms occupying the para- pcHtion 
to one anoUter, and Be & hy^^rbon radicle 
(usually aromatic). The colounn^natters them- 
jialves are deriv^#by the introduction of a 
basylous or chlorOTS group into one of the hydro- 
dirbon radicles (usually BO. The indamines may 
thfrefori^be repreB|pted as deriv^ ffVm th* (un- 

Ikaowa) di-imide of qAnonefl,dI^g^i which 
^'|f piobaUy ihe ttue ohromogen. In the ind- 
^jimluM^I^Topcr the ohromophor is amidogen or * 


‘N.C,H,ifMe, 
obtained by the oxidation of a mixture of 
phenylene-diamine with di-metbyl-aniline ii 


the indamine hydrochloride 
obtained by oxidising a mix* 


different from 
• /NMe,€l 

c,h/i 

\n.^,nh, 

ture of oi-methyl-p-phenylene diamine with 
aniline. 

The red dye obtained by oxidising di-methyl- 
p-phonylene-diamine with bromine in HOAo 
(Wurster, B. 12, 2072) is also a derivative of 

quinone di-imlde: C^H.^ tp , and reacts 
^NMe^r 

with amines forming indammes, and with 
phonols forming indophenA. . 

Nitroso-di-methyl-aniline and quinone chlor- 
imide also react with amines and phenols forming 
indamines and indophenols respectively; thus, 
nitrosO'dimethylaniline hydrochloride acts up 8 n 
m-tolylene ^aminet forming tolylene-blue (Witt, 
nw^NMe^Cl 

^•“^0 .►0,H,Me(NH^, 

/NMejCl 0 


B. 12, 938): 


»C^4< 


+ E, 0 , while with 


gallic acid it f «^8 gallooyaninA , 


-NMe,Cl • • 

+H.O + 2H, 

!— 0 — 1 ». 

In tbe last reaction the hydrogen reprawntad. 
a. liberated is in reahty employed in ledneing 
another portioiLof tbe nTtro^dMlpethyl-anillne 
(Nietzki mOito, B. 21,1740). W(iS)-Dafihthol 
violet obtained by tfeldola 2^ 87) oy the 
action oMlitroBO-di-meth]it-anUuieapon(0)-ns^h- 
th(d may ^so be represented si in irraophead 
^Me,01 • 




ijr^H 


^or pethspa M ooataiulng 
Mgfil 


twee atoms ol hydto^ teu OJBf< 


oper the obwmopnor is amiaogen or r . „ . , ^ 

md^eik, the corresponding similar violet dye nej b^; 



m 


IMIj)0-I)I-PHSirri. SDLFHISB. 


' i^aiqrlsiiiiM diuolnd In 
Buan, B. SI, SOSIj. Small ^ov neadli 
intoL watar, t. il. iqL «oU aloMial, ath^, 
baniraa % ' *• 

a.«n><Mii,mnono acid o,h„n«( u. 

NH(CHMa.OO,B)|. 'DittkyUd^ulaetameaad' 
Didmtiactamie aeid. DUaetamSaeid. Fonnad, 
togatber with alanine, b; treating aldehyde- 
ammonia with H(n and B(^ aneoessiTelyj 
(Heinia, A.160,U; 165, 11; SD3, 876). The 
prodnot is boiled with lead hydrate, eiter«^, ireed 
from lead by H,S, ooneentrated, and mixed with 
a^hol. Alanipa Mien aeplirates, and the motfawr- 
lignor is mixed with ZnOO, and ersTCrated to 
dqiraaa. The reaidne ot sino imido-aipropion- 
^ il washed Vith water, and dedoqpos^ by 
Uinnte Vender needles, xa sol water, 
insd. alodiol. 

Salts.—reotangolu tables (^m 
alcohol) or needles (bom aloohol-etber). V. sol. 
water, sL sol. amohol, insol. ether.—ZnA": 
minute dimet^ tebles, v. si. sol. water, t. sol. 
HOlAq.—CdA'ag; minote needles (from water), 
V. sol. oold water, bnt can exist also in a less 
BolnUe form.-PbA": crystalline orasts (ppd. by 
adding alcohol to the aqneons solatioo).— 
0aA”8aq: bine grains, r. si. sbl. water and 
ateohoL-Ag^A": white pp.; explodes slightly 
when heated May be crystallised bom boiling 
water.-HA'Hd: extremely solnble crystals. 

Mtirosamine NOJI(CHMe.CO,H),. The 
oaloiiim salt of this acid is formed by treating 
theaaid,dissolredih HNO„ with caleinm nitrite, 
nantralikng with lime, evaporating, and mixing 
with aloohm and ^er. The bee acid, obtained 
bom tbi« salt by treatment with oxalic acid, 
forms flat ooloorless needles, v. soL water and 
alcohol, soL e&er. # 

• NUrils can. NH(CMo.CN), [68°]. 
Whan aldehyde-ammonia (1 moL) is dissolved in 
dilnte (80 pA) BGy (1 mol), and BCl or B,SO, 
ti addm to aoid reaction, a-amido-propionitrile 
sraarates as an oil. If, ^l*r removing this oil, 
tU mixtore be aUowed t«stand for several days, 
needles ot imido-dipropionitrile separate; after 
some tims these are fpuowed by crystals ot by- 
dxoeyioaldine and nq^y of para-hydrocyan- 
aldioe ^lenmner, A. 200, ^30; e/. Crech, £. 6, 
lUS). 'It is gimi^ one of the podnotsformed 
by a mixtnre of ammdhia and alcohol- 

vuaB over red-hot iron flfonati, 0- B.98,105). 
MMeeiime nosdlem (from ether); o:ke 
-l-066dil'S47;0>TO°31'; m-solsilooholand 
ether, si sol watei^ Beadib snblimes. When 
heated with dUiite BCl it yiel4 t e-imido-dipro- 
j^ooieacid. With AgIiO,iUives on warming a 
m. M.AgOy. Aqae(»wKOB has no action in 
the cd^ cm immiing it gives liB, sod ald^^ 
B’HCI: wllils nysitliine powder, ksoL e&er, 
deccmpoaed water iiAo BOI and the bee 
iiitri]e.^itr8sstfins MO.N(CllUe.ONl : 
pale ysKow oil, baavier than water, sol. alcohol 

fnA 0t3f0r, 

A-ImUa4iyrepfsnisasUfiB(0Hr0H,00^). 
Obtained, locetiier with/>-antidttino|^nic aoide 
to boitoi 9-U)doi»«b»io acid with im,{Beints, 
Z156,iO;qf. HaUia, B. 9,1904,'riioeoollnot 
altaiti U). tomp, tridsh slowly etystallises. 
—FbELAv vary dante tablss.~A|JL''i PP--* 
salaUaerystals. 


U-miDO.BXIOMUI OACOB) 

a 

Pormed by oxidation ot di-amido.nsoiOin with 
Fa,01„ Ki0t,0, or exposnra oPthe alkaline sohi- 
Hon to the air (Typlte, B. 16, 566). toall 
roanglesL Insol. water. Diesolves in arsons 
HCl to s\sgehta-red soimian, in strong B,SO, 
to awiclet^ditMin. By fin and Bd it is re- 
daced sgaip to di-amido-tesoroin. 

DMXISO-TIBEPHTHAUO AOID. Tstra- 

hyiriiA .CB^ ^ — V*. This 

\CB(C0A-C(NH)/ 

aoid i,'obtained to saponitying its ether with 
aloohdlic HOB and fpg. with BOAe (Mninger^ 

B. 31,1766 : ef. Baeysr, B. 19,429). It crystal-*. 

Uses in greenish-yeilasv i|ri|{aa, almost insol 
ordinary Solvents, form's a colooflaas hyAro- 
ehloride crysudlising inflates. In its 

oolourlass derivatives ue aojd has l^me the 
desmotropic di-amido-mrephthalic amd 

w-il^-Di-m-TOiino mi 

[1:8] CA{CO A-CH,.NB.Ca-C,B,(pO A [1:8]. 

[above 800“]. Formed by rednotioffof the aoid 

C, B,(COA-C(»H).8.C(i!iB).C.a,(COA, (Iro® 

m-oyano-benSoio aoidnind B^) with sino and 
HCl Crystalline. V. sol alcohol ether, bens- 
I ene, and C3,si sol hot water. Sublimable. 
leltabbarloteAstic sine-salt i^v. sol. water, alco- 
hei, ether, bensene, and 08| (BrSmme, B. 20, 
629). • 

inOO-OI-nO-VAlBBOiriTBIIE 0 ,AtN. 
ie. NB(OHPr.CN), [62°]. Formed, together, 
with a.amido-isovaleronitrUe and oxy-iamaiero- 
nitrile by treating isobatyrio aldehyde-ammonia 
(36 g.) with (30 g. of) a SO p.o. solution of HCy 
in the cold. The product is shaken with dilnte 
(6 p-e.) HClAq (200 g.) and ether. The ethereai 
solution i% &ied over calcium chlorid^ and 
saturated with BCl, srheienpon the Hydro¬ 
chloride of imido-di-isovaleromtrils separtoes 
(Lipp, A. 205, 1: B. 18, 906). The Hydo- 
chloride is decomposed by NH^Air(t and the bee 
nitrile Ixtracted by ether, which leaves it on 
evaporation as an o&, slowly orystaUisihg over 
LH w o ■ Monoclinio prisms ; v. si sol upter, v^ 
sol. afcsfiol and ether.—B'B0. Insol water, 
which removes its HCl 

UOlEa. Oomponnds of divalent hydrocar¬ 
bon radicles with Imidogen, $ 4 . 

nbxsAioiar < 

CELt0.0AO<}>^*)-<^UP-^^ PeuesdanAs. 

[77](BcaA. Ownrs inWM roabof masterwort , 
{IimsroiariiOuruthiim), togesEmwitb tarpenss •' 
(Wr-SSO") (Wackenro&r a. Wacner, /. 1884, 
688): and iBo in tlss root of PtouAmtm 
«6loiMls(BslIatter,A.^Ml; Botha, /.«rj^46, 
871; Bent, A. 176,71). Aw b* extiM« bom 
tile root of Fsvetiamm by 90 pxi. aloo^ and 
xeerystidliaadbomathar.Iigrobl. Smstibuwine 

six%de^ni^. Acewqlpg to OTriw^ k 
Weidal (A. l2r69^ “«»• tof tto *•«»• M 
and aftahnods a* W. InaoL watersil 
solcold, T. sihot,alo<ilMdt****ot^* ■“■ff 
HNO, gives .BitRKbBpsratOflli, 0 ^ 
Bd bi^itio-iwwnia. aPaconqpoM rhp|| 



iWAiiOrta. 

Hd^q into MeCl and oroadon^ poondi Jb which the otwmofha: it bfUe^ 
rif^iPe Boding alooboU^ KOH gii^ee foraucApeing tonaed 

^djua oroaelone. % ^ Indamisei are formed b; the oziditioo el « 


Kitro-imperatoria, go-oallei C,jH„NO,? 
raboTe 100*^. Hates (from aloohol}. Gonfert^ 
by heating in gaseot^ NH, into C,jH.jNj( 4 „ 
wmch orystallises from alcohol im trimetrio 
phsma, reoonverteiiby acids into * nfe-impera- 
torin.’ • e* Jr - 

IMPBEIAIINE 0„H„N04?'m4°]. [a]p«* 
—85’4® (in chloroform). Occurs m ^ bulbs 
of MHHllaria itnperiaiis. Extracted from tbe 
bulb% V rubbing up with*yme, dr^g at 100 ®, 
and ^bausting with hot onlorofom. The ez> 
tract is shaken with water a^difted witii^rtario 
acid, the alkdoid ppd. Irom the iM>nc 8 njrated 
aqueous solution by Ni^GO,, washed, and re* 
erystaWsed from ala||bd (Fragner, B. 21, 3284). 
She yiel4 is ff^dP Slmrt oolourliss needles, 
turning yellow at 240J.^V. e. sol. chloroform; 
m. sol. hot aSobol; si! sol. ether, benzene, light 
petroleui^, and isBamyl^alcohol; t. si. sol. water. 
Its solutions have a bitter taste, and are Isvo* 
rotatory. Solutions of its salts ^re pod. by the 
nsnal reagenft for alkaloids. Gone. HSOq turns 
it pale-yellow. A mixture of the base mth sugar 
is turned dty H^SO, yellowish-green, pale-green, 
flesh-colour, oherry-md, and d^k violet succes¬ 
sively. H^O, and Ol^s^ve a» orange-yellow 

1 . A solution of the base in HGLAq is 
icent, and becomes brownish-green when 
id.—B'HCl 1 large ory 8 tal 8 *(Jron» 8 looholis 
V. sol. water and alcohoL—B'jH^^PtPl,: 
ish-red crystals (from hot dilute HClAq).— 
10 I 4 : yeiiow crystals. The aurochloride 
Ihtinochloride are both ppd. in oily drops 
sther is added to their hot alcoholic solu- 
but after washing with ether they may bo 
lised from hot dilute HCl. Tbe sulphate 
r hygroscopic. The oxalate crystallises 
'om very concentrated solutions. 

&CT08E. Accordit^ to Maumen4 {Bl. [2] 

2; 48, 773) this inactive sugar may be 
t by dissolving silver nitrate (20 g.) in a 
n of cane-sugar .(20 g.) in water (100 0 . 0 .); 
4 houra the solution becomes dark-brown, 
is then heated to 100 ®, tiltered, afld evapo- 
m'a wa^r-bath. Tbe residue is heated to 
lissolved in water, and filtered. To frep 
%tion from silver it is treated w^b a little 
and filtered; the sugar is then ppd. by 
L Inactive syrup. Its solution readily 
'«s lime. 

SBNSS «. CoNiMENE, loAOXN, and Ou- 

DAKlHSfl. Colouring matters, the ohromo- 
i which the general fogmula 

P^gre^F is an Somatic nucleus, 

rogen atoms ocoupfing the pam- petition 
anotlter, and a hydrocarbon radicle 
y aromatic). The oolourin^atters them- 
are deriv^#by the introduction of a 
iis or ohlorooi fln>up into one of tbe hydro- 
radicles (nsaally E^. The indamines may 
>r#be repreB|pt^ as deriv|d ff9m thfl(un*, 

)di-imideof qSinontfl^^Q^, wbiob 

>ahly the time ohromogen. In the ind* 
"'dm mropei tbe ohromophor is amidogen or 


lines jatt 
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mflsture of ap-diamine witfl an amine in whkK 
ihtposition petra- to an amidogen is oooUpiedbj 
hydrogen. Thus a mixture of tolylene^hdiasoine 
and o-uluidine reacts thus: 

G,H,Me{KH,),-i- C,H«Me{NH,) 4- 0» 

. vNH 

-diHfMe/1 • * . +2H,0 

\N,oAMe(Nl^ 

(Nietzki, B. 10, 1167; Nieltaki a. Otto, B. 21. 
y36). In this reaction wetmay- suppose that ^ 
the tolyiene-p'diamine is first oxidised to tola* 

quinone^ dUmide and that 1 

unstable substance then reacts upon the o> 
toluidine. * 

Tim indamine hydrochloride 
♦ /NH*01 

obtained by tbe oxidation of a mixture of ^ 
phenylene-aiamine with di-methyl-aniUne is 
different from the indamine hydrochloride 
•/NMe,Cl 

^»^ 4 \ I obtained by oxidising a mix- 

\N.C 34 NH, 

ture of oi-metbyl-p-phenyleDe diamine with 
aniline. 

The red dye obtained by oxidising di-methyl- 
p-phenylene-diamine with bromine in HOAo 
(Wurster, B. 12, 2072) is also a derivative of 
/NB 

quinone di-imide: G^H,^ |a , and reacts 
\NMeBr 

with amines forming indammes, and with 
phenols forming indophenft. 

Nitroso-di-methyl-aniline and quinone ohior- 
imide also leact with aminos and phenols forming 
indamines and indophenols respectively; thus, 
nitroso-dimethylaniline hydrochloride acts u|^ 
m-tolylene diamine*forming tolylene-blue (^itt, 

B. 12, 933): 

/NMe,Ca 

= Ofi./ I , +H,0, whil. with 

\n.c.h^(nh,), . 

galUo acid it foma gaUooyaninft 


+OA(qH);ooji * 
^Me,r - * 

-CI.H.O 
I \n.C,H 


!.01 • 

+ H,0 + 2H- 
3.H(OH),.OO.i^. 


In tlM last reaction the hydrogen represented* 
as liberated is in rei^tj emniojed in rsduoing 
another portioirot the nttro^diMnethvl-aniline 
(Nietski siOttoTfl. 21,1740). T|*(0)-neDhthol 
yiolet obtained by Weldola 87) V the 

aotianonitroso-di-methyt-BDilmenponU)-ntph' 
thol may also be represented as an iiraox^enol 
JMsjOI • 

L *0* perhaps at eontalning 

• , • JiJfcCl 

twee atoms of hydro^ km:, I 

I M.0 

‘ - '--CM! 


amid)^, tba ooneeponding eom^A similar violst dya may be o^tail^ 
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boBo«^atfeo ot («-P«phtliol/V^noedStodMiniibji<)dJiao-taJ»5»®>- 


l».Aiiiido-ph«nyl-piperi4ine . 
llH..C.H,N<°^,gg;>CH, react. 15k. p- 

wnido-ai-methyl-Miiline inthe 

amine. (LeUmann a. .Geller, bI 21. 2^87). 
Thu., it to a cold hentral eolation ot p-amido- 
phanjl-piperidlne Iwdroohlorido and m phenyl- 
en.*diamino KydrOTbloride ^here be added thu 
calculated quantity of a ailation of K,CrjO„ 
there i. formed a. deep-blue solution, torn which 
• the colouring matter may be ppd. by alno ehlondo 
a. a brown powder. ^, , v-j. 

The derivatives of imido-di-pljjnyl sulphide 
may be represented as indamines; thus, in 
wNH i, 

toth'i violet, OA< i »„ „„ • 
j j ''N.OjHj.NH, 

■ rial propertie. need not be connected with fte 
presence of snlphur. The sulphur in Lauth s 
violet is represented by oxygen in gallooyanine 
and i> (/})-naphthol violet. 

IHBAZIHB 0,H.0, <.«. 

JndaioU. a46-6»]. {aTO") at 743 mm. Formed 
by heating hydrasido-oinnamio acid, when it 
snlits up into acetic acid and indasine 
^ *^ 0 ,S,(NHJfHJ.CH:CH.CO,H 
- 0 A<^°>NH + OH,CO,H 
(Fischer a. Kusel, i. 221.280). Formed also by 

beating sulpho-o-hydrazido-oinnamio Mid wito 

COM. HOlAq at lOr (Fischer a. Tafel, if. 227. 
809). Slender needles. May be sublimed or 
distaied. 81. sol. cold water or alkalif. V; sol. hot 
water* alcohol, and ether. Sol. dilute HCl. (Jives 
off, when hot, an odour resembling resorcin. 

With HOI and NaNO, in the cold it forms 
yellow crystals of a niWremine, which gives 
Xjiebermann's reaction. ^ does not reduce boil¬ 
ing PehUng’B solotion.«*»ppt 8 . several metallic 
salts. Its hydrochloride separates from alco- 
holwetber^m brjvjhush orystais. Its sulphate 
forme colourless nodules. The*piorate crys¬ 
tallises in yello^ needles, Indazine is a much 

stnmgcr base tlian iiindole 


.o Formed by dieaolving 

bromo-ind^l-aqejic eoid iS gla^ HOAo, di¬ 
luting someil-it|jfcdboiUrf with grriual .M- 
tion of ohremio acid .(Fischer a. Tafcl|i4. 397» 
303). Small yellowiw needles, y. wl. alkalit. 
and alkalino carbonari, almpst inso). water ^d 
HOlAq. . • „ i * *. j 

Jle/erenc«.—MiTHTL-ntSTt'i ina 
ETHYl/^dJAZINB. e , , ~ . 

lic-inda^ane. Thi/^term is given by Fischer 

andTafel to 

derivatives® of which< havl ^ 

ETHjL-+-DiDi!ni.-i(mTio 

DAZINl!, lind. MUTHyn-BTro-lf^OTBIl^).. ' 

IHBAZYI-AOBTIO AVaD C,ftN,0, M. 
-OHrCOtH 

. [170'’]. ^Formed by 

wanning aodium-v* 8 iilpho-dirtp,oinAamio acid 
(which may bo oaUM ^fiSf oinnamio wd 

sodium Bulphii 8 )OJH 4 WlK .SO,Na).OH:OH,00^ 

with HOI (Fischer a. Tafel, 4.227,303). Bre- 
pared by disscljing o-hydrazido-oinnamio aoi4 
tLHSNH.SMOH-.CHlOO.H do alkalis, and 
shaliing with ait nntU it no longer redncM 
Febling’a aolntion. The acid is then ppd. bp 
HCL ' „ .* 

Prqpcrticj.—Slender, yellowish needles, V. e. 
sol. alcohol, Boetio acid, acetone, and hot water, 
m. sol. ether; T. si. sol.ohloroform, benzene, and 
ligroin. Dissolves in alkalis and in minerel 
acids. On distillation it is split np. into 00, 
and methyl-indazine. It ia completely deco*. 


and resists oiidaKon lucre powerfully. 

OH 


[74»]. 


Small yellow pee^l'. (tom benzehe). 

Br^mo-ii^e 0 ABr^<§®>N». 

Obtained bifheatng bromo-indazine 
aeid wife » l»rge quantity of water at 2 TO . 

Coloorl^ needles, si. sol. cold, m. sol. hot, 

”^-b»mc-iBdailBe 0 ,H;fr,N, [240°]. Ob-, , ^ 

Ulned by eaturatingthe warm a 48 eouB solution bad^ bronme 
of bromo-todazine with bromine. Formed also I acetic acid iig 
by hrominating indaiino or indazine bydioohlor- 

Me in aSneono aolution. and by treating bromo-g «. , 7 —L .. 

indaiine oa^xylie Acid With bromme-water. L* ntDBH* p. l®oo«i»*OBO» 


posed by oxrdisu^ agents. # 

Salt.—OuA', 2aq: pifle green sUmy PP., «■ 
sol. hot water. Orystailisea from hot alooh^ 
Blender green needles. ^ 

\ -OH5.CO,H 

Nitroiamin» SnAIO 

t 

Formed !7 adding a 4 p.c. solution of fodi^ 
nitrite to a vei^ dilute solution of indaz^°»^< 
acid in aqueous HjSOg in the cold. Golden- 
yellow needles. Insol. water and e 

sol. ether,„chlorofonn, alcohol, H<)Ao, 
and warm EtOAo. Beduoed by sinc-duit W 
HOAo to indazyi-aoetio aoid^ It appears to exis! 
in tw« modifications, ona^ which deooiwosei 
at90°witheTolut^nof gas^t 
while.the other, which is obtainsa by crystaUisa 
tion^m HOAo. melt# ^188*. . 

Bromo-indM^-wetd^aold 0|S|BrK^i %s 
0,H,Bt<'? >NH . ^°]- >>3 


i,BrM» 

needles (Iro^OAe), t. sol. alcohol 4|i« H<M« 
sL sole, hot water. 
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KXanfirbam^ . 
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hlut. Ill- 
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(^Ksurriog as 


-A<^x«»< 3 b><V=^ 

v.D. 9'i 

• jg {Indiean) in vanoQS species 

^^^itdigofera Anilt fndigofera 
Iffifffrrfff. ^4 ^ other plaats» Po^gonum 
UntMimi It(Uis tinctoria, Ac. CoiOineroial 
lndiiDt dht^ed irom the jnioe of the ii^gofera 

^II ■■ _ - LImA InWtVNB An^ 
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wps probablj 03id of the 
earliest laowfnoloaring matters, for its employ- 
[ went ^te% back to the most ancient times. The 
B gjpth p) mummy eases were certainly (^ed with 
and has been employed in ^dia for 
many thoos ^dii of years (Gerardio, Joitm. de 
^CMni.ifi4>1888,S24). Jtwaawell^owntothe 
•.n^ who imported i^from In^a, 

|M haoea oaUed'Jt’ktuK^*' ov indicum. Pliny 
k aid dves aira test ioc its genuine- 
less tittk ^ ahoud with a pnrple flame 
when thrown on to glowing oharcpal.* la 
liiddleAf^s indigdVaB used for dyeing and paint- 
ing, but only to a small extent, and so little was 
known imont it that it was generally believed to 
be a mifteral. Brom the commencement of toe 
sixteeptoaentuiythe employmentof indigo ^rbm 
Indigoftra) for dyeing began to rapidly increase. 
]^«{ to tnis time wohd {Isatis tinctoria) was 
great quantities in various parts of 
Edf^, Olfiemally in Th&hngen, and largely 
e^l^loyM -^olne dyeing (called Persi^ blueh 
Tha importation of in^go frpm India, which 
Iba liiteento cental rapidly increased, in 
mnoh protective legislation soon re- 
plM^ the woa^indigo, ontU at the present time 
woad Is eolj^d^s an adjunct to the indigo 
wat in Ofdn to start the fesmentation. The pre¬ 
sent anp^ prodnotion of indigo is estiuated as 
atoont8,a00 tons (vidue 4,000,OOOi.) of whito 
6,100 tons am proaooed in India, IflOQ^tons in 
A jyrirtfc, ftnd 1,000 tons in China and other 
noontries. • 

MaMifadun(rfeommercialindigo.~X.Ptom 
lindigolera. ia oairied oat in India the pro- 
^•si IS performed as follows: tb'^ cat plants 
are flrst eteeped in water, where tVy ferment 
^etoliitiii^ C^toe yellow liquor is dhen 
imiaff into imbtiies vat, where it is vigorously 
with tSf by means 4 >f long stirrero By 
tUs yww"* toe muoindigo (indfoo*white) eon* 
taiaodinfhe adintion ie o^sedfmnd the indigo 
■ymt— qqI u adioe soum which Anally setties 
-to toa bottom. supernatant liqfuHr is then 

•aesiWWWf aM the indigo is boiled'wito water for 
■ntoalDOva,pressed,and drfod. forma* 
leitotomgoltna tte ^opsidrindican, 
' 'to If present in tiie plant, n efleotra by^ 
Jw haeiUiis, wfaidb 'it strongly pathogenic 
. JSiMsSy fosttttUM too bacilli <n pnenmozda 
Id ttilB^leRgDa (E. dlvareMdl* B. 105,386). 
It " 


' marotal indigo.} (ei).IWy.po?d!(^ intosA.. 
(13tk g-) and uimo&e (135 m aie eoyered Wijn 
hot 15 p.o. ^it in a flask of d litres 

ad|flHillni^*^tocated ale(topMoBaOH 
the fla^mHPV^^ hot,spirit sad l$f| 
to stan^ The. elear liquor is tiien deean^ off 
and left exposed to the when the leu^^o 
(mdigo-white)tt wntains is reoxldisedto ihdim* 
'tme, which separatqs in small glistening needlee. 
This is wash^ wito*aloohol,wrate!r, and Anally 
with HCl, and is then sublimed mider 8<t40 mm. 
pressure (Fritzsche, d. 44, 290; Sommaruga, d. 
196,806).—(6) Boiling water (Ifigpts.) ispoined 
on a mift^ of finely-powdeiw crude indigo 
(1 pt.) and slacked lime (3 pU). Ferrous sul¬ 
phate (1^ ptB.)j8 then added, a^d toe mUture 
is-kept warm ^ several houm with exclusion of 
air. The alkaline solution of leuoindigo is run 
into diluted HOI, by whifh it is precipitated, and 
by exposure to air is olidisea to indigo.—(e) In 
place of glucose or ferrous sulphate toe reduo* 
tiop^ can be conveniently efleoted with alcohol 
and sodium stannite (SnCl| and excess of NaOB) 
(Sohunck, Z. 1866, 671). ^ 

3. Syntl?etioally: (o) Together with 
rubin by reduction of isatin chloride (from isatin 
and PCI,) with ammonium sulphide or ^th HI or 
zino-dust and acetic acid. The indirubin is removed 
by extraction with alcohol (Baewer, B. 11,1297 ; 
12, 466).—(6) Cinnamio acid C^4.CH:CH.00jH 
is converted into its ether by meads of ^cohol 
and sulphuric acid. This is nitrated at a low tem¬ 
perature with the toeoreticai'quantity of HKO, 
mixed with H,SO,. The product is a mixture of 
about equal quantities of o and p-nitio-oinnamio 
etoers C,H*(NO,)OH:CH.COjEt from which the 
ortho’ ether is separated by means of its peatev 
solubility in alcohol. *» The ortho^ ether is then 
converted into the acid by warming wlto oono. 
H-SO,, dried and converted into toe dibromlde 
C,H 4 (NO,).CEIBr.CHBr.CO,H [1:2] by treatment 
Wlto an equivalent quantity of bromine. By 
leaving the dibromid^ ft contact with odno. 
NaOH toe sodium saltmc^iitro-phenyl-protioUo 
acid C^ 4 (NOj).C|O.CO^ is formed from which 
toe free acid is precipitated by toe addition of 
1^804, and is filtered off and wyhed. The 
o-nitro-phenyl-pr^olio acid (3pt8.)SMpe^ed 
in cold water (1 pt.) is neutraUsed wttii pcKas- 
siutn carbonate (1 pt.), and' then clftefuUy mued 
with potassium xanthate (8 p^.). On allowing 
the mixture to dry at the ordinary toaperature 
■indigo ie slowly formed (“^yer, B. IS, 3260; 
B. P. 1880» 117ff; O. C. 1882,366). The o-nito- 
phenyl-propiolio acid can al^ be oonverted into 
indigo by boiling its so^ntionitolb glucose end 
sodium carbonato (Baeyer) orUK ^uoose m 
potassium ^lyanide (Michael, 

(o) By adding KaOH^ (S ^ts.) dissoned in ebU 
water (186 pts.) to a solution ol^-nitro-benaaldw 

1_A A \ i.. AAAfnnA /IK ntal lUtiAAnAM. 


water ciou pvn.i v« 

hyde (10 pt».) in Boetone (15 pto.). Tlw*tou»( 
tion ol the indigo ia complot. in two oi tiOM d«y« 
A bett« ^old is dbtsinad ijr pnTknuly pt. 
Airing the sldc^lihe intennidiste onaponni 

pLg s 1 n.e. tolntion W kOB (^imt t 
Loto a colaia^tion of o-mlzo-li^^aldriEVto d 
pts.) in pure acetone (14 pt%) dikitodw^.^ 
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S ul Tolame of water. The KaOH aelvtioB is 
ded antii the ,mixtan is slightly aUEsUne uid 
a trace ol i&di^ begins to be iMmed; the aoe-^ 
tone is then distilled off and 'the oondensatira 
pr^nctislett. The latter is oonretted into indm 
by diseolving it vi£ioat purification in aUrat 
350 pte. o< boiling water, oooUnc and adding 
MaOH. The yield upon the o-mtro-benzalde- 
hyde is 76 p.o. of the tbeoretioal (Baeyer a. 
Drewsen, B. 15, 2856,; Bug. Pat 1881.1266). 
Syntheses.—1. By warming esa^ ' 

0^,<[*]j^0(0H) with PCI,, phosphons, and 

some acetyl ohloridS at 70“.^° (Baejjer a. Em- 
merling, B. S; 615). Isatin (g.v.| is formed 
synthetioally by oxidation of anudo-oxthdole 

, (Baeyer, B. 11^1^8), by 

, redaction of o-nitro-pbenyl-glyoxylic acid from 
o-nitro-bensoic add (Olaisen a. Sh'.dwell, B. 1^ 
860), or by boiling a solution of o-nitro-phenyl- 
ptopiolio add with alialis (Baeyer, B. 18,2259). 

2. Together witheindig^in, by adding zinc- 
dnst or HI to an acetic acid solution of isatin 

ehloride 0,H,<^^^0C1, formed 'from isatin 

and PCI. (Baeyer, B. 11, 1297; 12, 467). 

.<«!?• By the action of ammoniiun snlpnide apon 
Isatin oUoride, open ^'dsatoxim 

or upon isatin ethyl ether 

OA<‘^0<OEy (Baeyer, B. 16, 2093; 16, 
2203). 

4. By the action of air or Fed, upon indoxyl 
- or upon indoxyl-sulphnric 

(Banmann a. Tie- 

S. 13,1098). 

*6. In EmaB quantity oxidation of indole 
ozone (Nenoki, B. 8,727). 

^ 6. By the action of reducing agents such as 

glncose, lactose, sulphides or xanthates upon 
o-nitro-phenyl-propiolicisoid in alkaline solution, 
the yield bemg atont 40*^. of the ‘ propioUc 
add’: « 

Oj^OJO>aCO,H + 2Hk 
a0,A,N,()‘,+2C0,'t'2H,0 (o, Baeyer,' 

, B. n^mo). . , 

7,‘In ipiall quantity by deating o-nitro- 
ehanyl-exyaorjd'o aoid 

Oi[,tNO,).C(OH);OH.^,H by itself, or with 
,0^1 or acetic a^ ^aeyer, B. 18,2263). 

8. Indoxyl indoxylie 

‘acid 0,H,<^^^^O.CO,H, ox etbyl-indoxylio 

acid seedily gin indigo 

on oxidatiowziith Fed,, Cndll„ i2c. or*by atmo- 
Bph«M oxidation o5 the ddmlina solntionnlndox- 
yUe Mid^ obtained from its ethyl ether, whieh 
IS famneCby the aotion of alkaline redadag agents 

■po) iiatog|8iie ettM^CI,H^ . Ind- 

earl ds obtafbad Hi hMtlng indoxylio aoid 
(Bai^ar, S. Qvnm I’nfonf 17,666). 




f. By waruug •iikixtiutot indd^W Ind* 
Axylio aeid With o-nltro-phHnd-nHidm add 
i'and Na,CO, (Baeyer, fl. 14, 

10. Siisatogen 0—0 9~^ 

fomedboa'tbe iBomeriodi-ocitro-di.phenyl^i. 
acetylene a^^O,).dO.Ol0,S,H,(SOjbyb«at. 
mbntwith fdrafcs^SO,, ii reedUyeoBvertedinto 
indigo by reduetSn with ammoniwq|Snlpbide, 
,dino-du8t aifd alkdis, glncose and aUcalu, dtc. 
With amm^nm sulphide in die cold th%i|||||ra- 
tion takes,place quant^tiTely. Thedi-o-zaSo4i- 
phenyl-diacetylene is obtained by oxidation with 
potassinm fenieyanide of the ouproos coihpoand 
of o-lAtfo-phenyl-aeeWlene O,H,(NOJ.0iCIB 
whieh is fonqp d byboilu.||u aoneons solnuon of o- 
nitro-phenyl-pTopioIio,:W>(^,(%OJjPi(3.0O,S 
(Baeyer a. Bandsberg, B. 16, 63; Q, P. 19,966). 

11. By action of dilnttfaUcalis upon a 
mixture of a-nitro-benzaldbbyde Q|pB,(NOJG£EQ 
with aceWe, pymvio ao^d, aldehyd^ n aceto¬ 
phenone. Acetone and pyrado add*gin dm 
beat yields. In these reacdons aldol-uko eon- 
densatioiFprodncts ate first formed %d are oon- 
verted into indigo by the farther oodon ot the 
alkali. Thus under the influence of a email 
quand^ of alkali, o-nitrobeualdehyde with acet¬ 
one gives o-nitro-fi-pknn^-g-oxy-ethyl^nethyl 
ketoqe (^(NOj.aH(OH).C^CO.OB;; whilst 
wjth a)dehyaeq-mtro-benzoic aldehyde appears to 
ibrno o-nitro-jCphenyl-fl-oxy-pr; pionio aldi^yde 
C.H,(NOJ.OH(OH).OHrOHO, with pyruvio aoid 
o-nitro-fi-phenyl-^oxy-propioByl-formia * acid 
C.H,(NOlCH(Om.CH,CO.CO,a By .treat- 
ment with a farther qnandty St an qlkali all 
these oondensadon prodnets yield indigo, 
whilst acetic, formic, or oxalic acid if iplit oB, 
thus; 2C,H.(NOJ.OH(OH).OH,CO.CH, 2H,0 
= 0„H„N,0,-f20HrCO,H-t2^0 (Baeyer a." 
Drewsen, B. 16, 2866; E. P. 1882,1266). 

12. 1^ the acdon of aqmous alkalis npon 
o-nitro-oinnamoyl-formio^’ aoifF (o-nitro-styirl- 
glyoxyUo aoid) 0,B,(i;O,).CH.-0H.CIO.0O,H, ob\ 
tained by satniadng a mixtnra of o-nitro-b^- 
aldehyde and pyruvio acid with Ctsenua hraric 
chlorideaflO”: 20,HiNO,).OH:OH.ClO.CO,H. 
0„H„N.O.-f2GH,.CO,B (Baeyer a. ^BtCwsen, 

B. 16,28®). • s 

18. o-Nitro-benxyUdene-acetons 

C, H,(KOX.OH:C!H.CO.CB, which is obtairmi 

by nitration ot benzylidene-foeton^ or by hew^ 
ing o-nitro-6-phenyl-/9-oxy-etbyl methyl ke(one 
C,H,(NOJ.OH{OH).OHrOO.CI^ with aoede an¬ 
hydride, gives indigo by treatment with aledioUo ^ 
Bob, precipBating with an addi and then boil¬ 
ing i^h waHr or aqueoa 4 .f)kaii i. _T ha yield 
ie enuSl (Ueister, Dnaius, T’. 1882, 

1463; wyex a. Diewaen, B. 16,9868). 

14. By headiig thelactone of a-nitE*-i6-i;henyl- 
B-oxy-pnmioniectoid with water «r acetic and 
(Einhom, B. U, 3919).'’' «. 

16. By hrominadon ot elilc^atiaaot Matgrl- 
o-amido-aoctopbenone OA(KHAs)AX}.OBv at , 
ot aoctyl-o-aBudo-dicnyl-iuictyltne • . ; 

P,a,(NHAc)iC'(^ «a>t«ra|9 rad dden- 
^vadeas ace VbtiiM iSsM ueanvM^ 



nmiQo. 




iathiitlU ot «Uofitta, HNO„ Mlti, ibu. eoaTatitt 
4 W. totin OA^>CIO. 

' IS. B7 tha Mfion d ammoniom tnlphiia 
ipan thaao^oBM-atSi-abloro-{« bromoOnitro- 


•atapUfl^ {t^. ajS^OXCO-CBCLi, fbmaed 

L Woriaation or hoimnauan o{ ojuro-asRo- 
nona (OankoA, S. U, 2084 221, 831; 

hRiSM). • 

17. anting Indoifl 

R>niuaitr~la addition to th» above ayiri, 
hatifidmathodi indigo iajBrodacadal. From its 
dgaKoe indioan by the ution of inida and air, 
IT FeC9„ot by {armentation undemfae mfloence 
i a anamal microbe (SchonoF, J. 18o5, 660; 
,867,664; 1868, 466; C. N. 87, 228 :*8», 129; 
lobnnok a.' B6mer>B^t| 2311).-^. The potaa- 
•Qm salt^ »dozyllli|dmrio aoiS, incorrectly 
^lad ‘ Indican,’ is a normal oonstitaent of the 
iliis cd animalt, being formed in'^e organism 

tf the oxida&n of indoU 

rhioh is a decompoaition product of protaida. 
ndozyl-snlshoris acid, is readiiy (Jidised to 
ndigo by FaCl,, iko., and ncdbr certain condi- 
iona is oonvaited into indigo in the urine 
Schunck^k Hoppe-Swler, Arch, fathol. Anat. 
!7, 38ln Baumani^ PA 18. 291; Baumann a. 
3rieger]%. 8, 264; JafS, Pf. SiMiS ; Baumann 

i. Tiemann, B. 12,1098,1192:13,408; Mohai- 
ow, B. 20,606]^. B. 1887, 8* 'Weber,*i*. », 
171; Baayer, S. 12,1800).—3. By oxidation of 
aooindigo (indigo-vhite) by air, Ac. This re* 
ictioi^ performed upon the fibre forms the usual 
nethod d dyeibg indigo. 

fiwikrtias.—Pure indigo begins to sublime 
It 170® (Sohunok, 0. J. 87, 617), forming a 


% 6. By damp aUorine U is eonvsrtad Into 
oliorisatin, dichloriaatin, ghriohloranilina, sad 
trichlorophe^l. Bromine adts in the same vrajr 
(Brdmann, JTw. 19, 830), ^ • 

7. With HBO, it yields in succession isatUw 
nitroralicylic aci^ and finally picric acid. 

8. diltoline reduoiiu agents, such as FeSO, 
andNaOH,#uo8se anoNaOH, SnCI,andNaOH, 
convert it into leucindigo (indigo-vrhito) 

0.,H„N,0,- a » • 

9. By heating with aqueous.sodium hydro- 
sulphite Na,SO, and excess at BaOH at 180°, 

indolina 

rand, B. 12,2166), This bi^y is also obtained, 
|«by heating lenoindigo (indigo-white) with aino- 
dust and aqueous barium hydrate ht 180°. 

10. By heating with an excess of saturated 
HI, hydrocarbons u0 KEf are produced (Besr 
thelot, Bl. [2] 9,189). 

11. Unallered by long boiling with cons, 
aqueous NH, (Liubawin, J. S. 16,17). 

12. By digestion of indigo with cone. H,SO, 
or with slightly fuming SO, a mono-sulphtaiie 
acid • 0,,H,NjO,(SO,H) (phtenioine-sulphuria 
acid) and a di-sulphonio acid C|,H,N,0,{SO,H), 
(sulphindigotic acid) are formed. 

13. By reduction to leucindigo (indigo-white) 
and distillation with zinc-dusv it gives a mixture 

CHx 


purple-red vapour and condensing to dichroio 
plates belonging to the rhombic system, a:b:c 
-•7883:1:;7268, a-76° 80', 8-108°. Under 
30-80 mm. pressure it sublimes without any 
lepomposition, gnd thi vapour density has been 
taken under these conditions by Sommaruga 
U. 196, 312), and found to correspond to the 
lotoinlaa.,%N,0,. Insol. water, alcohol, ether; 
dilute aciia or d^is. V. al. sol. h8t alcohol, 
smyl aloshol, acetone, or turpentine. SI. soL 
chloroform or acetic acid. V. sol. bSt aniline, 
nitrobenaene, or phenol; from the latter sol¬ 
vents it erystalliaes on cooling (Stokvjg, /. 1868, 

K9 1 Wartha, B. 4, 834; Jacobsen a. Mehu, X 
1872,682). “Bol cone. H,SO, without alteration 
to t yellowish-green solution, which exhibits a 
characteristic absorption spectrum between the 
D and d linea (J'ogd, B. 11, 1364 ;l The H,SO, 
tolution by long standing or on wallhing becomes 
blue IromtoBnattoWat todigb-sulphonic %oid8. 

Beo««o!ii!E-lliDistiUod with KOH it yields 
anBine (Fritasohe, A. 89776). • 

2. It Wsolves in boiling aAeous KOH (S.G. 
M6) to a yellow solnidon oPisatic acid and 
i mH ndig o (indlft-white): 80„H,,NjO,-f 4H,0 

’ 8, By tnidon with nOH anthranilie acid 
OJS,(ftWCOij[l!2T is formed (Bfittinger, B. 
xiSiw); by heatfci wiiK«^m° Oahomjt 
U. Ok. £8118,118) obttdned aa^ylic fcid. fi 
4 ; By boiling With KOH and MnO, it yields q 
Qlthftorillc and formic acids (Bfittinger) 


of indole sod soatole 

C.H.<^^®>CH (Baeyer, B»18,2639). 


ih Oxidiaifg ftginta, iUoh m ^loriae. oxidMj dissolving indlgOe 


Detection of indigo on fabrics, • 

(W. Lenz, Pr. 26, 535; Prior, JRep, d. Anal 
CPiem. 18.193, 1684j , • 

1. A drop of nitrlb acid gives a brigbit>yeUow 
spot. 

2. When indigo alone is present the foUowiQge 
reactions should be given t alcohol extracts no 
colour even on gentle ^^^ing. Cold satuiated 
oxalic acid and bor^ Nations, 10 p.o. alam so- 
lution,and 33p.o. ai&oftam mQljbdatesoIution, 
removes no colour e^npnboilidg. Stannouawd 

Lferrio chloride destroj the coloi^jiMV wanninc. 
Glacial acetic acid dissolves all the colour on re¬ 
peated boiling, Md after mixin^the solution wirik 
ether and water ^6 aqueous layer is Of^ou^ldU and 
nt»t coloured by strong hy^oohldio acid. When 
the indig(f may be acoompa^d by other ^loiua 
the following methods of tesn^ may be i^opted 

3. The stuff is warmed.^th an acid i fied U 
p.c. solation*of SnC4* Russian blue remaint 
unchanged. Indigo (vat-blue), ind^o-oanoina 
and aniline-blue (trhpbqnyhifi^niline-tri-sub 
phonate) are completely reKyJnrom the fibre, 
and yiel^pale-^eUow solutions. Loproo^stls^ 
removed, but (pves% rcae-red solduun. dfradd' 
ing a hfige excess of hydroggn peroxide loldwff 
solutions the rose-red of logwood is liefltroyed, 
ax^ino'blue gives a blue solution, whiln indlgt 
is not regenerated i . 

4. Glacial dfietic acid dissolves indim frouti 
fabric, lii preseneg oflog^Jfood th%eo1>a Mid da 

11 quires a rose-red oolom, which ^ heatnwittssei 
i into yellowish-red, and is Booh ohsouTM^^ Uv 


Piossiai bins and 



m 


IKOIGK). 


ourmine ue aot disBoWea. On tailing tiie noetic I# “6. By mlphonation ind rttaeqiwrtoddt^ 
neidBolntion with eOsw, nnd then adding waterj^of the sniphonic (widbymemipipotawto^ 
until the ether eeperateB, the indigo is remyirea' rioyani^ (Allgren), ohlorine-wat^ (BdUTh 
trom the egueous leyex, whibh then in the pro- EsGr.O, and (Benny), or (M^VI* 


lenoe ot logwood shows ft feeble reddi^-yePow 
tint If now ft few drops of eono. HOI are adaed> 
the smallest trace of logwood ift s«Tealed by the 
< prodnction of ft riob oolonr in the a^aeotts 
Uyer. Anl^e>biiie obsonies this reaction. 

,Bsft 7 natio».—In.fabrios: the ^ed stafl 
f 10 g.) is treated in a flfek witK 200 o.o. of a so- 
Intion made by «hdiiing 2 litres of water and 100 
O.O. of of Hme«^ 100 e^* of a Mlntion of 
prepared from a solution of sodium bi- 
•olphite of 86 ® B. The mixture is heated at 
60®-70®t a stream of coal gas being passed 
through the flas^ daring the reductf^. When 
^ all the colour ha#iiisappeared, a portioh of the 
o solution is decanted, cooled, its volume measurei^ 
the indigo piecipitated by HCl,*^bnd after 1* 
hours’ standing collected on a filter, washed, and 
dried. It is then di^lv^ with the filter-paper 
.in about 10 c.c. ot fenin^jSO^, and the solu- 
*tion titrated by the hydrosulphtte (Miiller’s) 
meth^ (v. infrdj (Benard, Bl. 47,41). t- 
In commercial indigo: 1. The indigo is 
rednoed to lenoindigo (indigo-white^ by glucose 
ahd KaOH in an aqueous alcoholic solution; the 
clear solution is separated from the insoluble 
impahties, and by oxidation with a stream of 
air the indigo is precipitated and weighed (Bau, 
Am, 0. /. 7, 16 r Manley, Chem, Centr. 1887, 
606; Bomen’s Journal, 1887, 16). This gives 
the value in indigo-blue only, as the indirubin 
remains in the alcoholic solution (Bawson, 
B. O.J.1886f491)/ 

2. By reduction with FeSO, and NaOH and 
robt^uent oxidation (Oraoe-Gaivert). 

8 . By redaction with sodium hydrosnlphite 
Na|60y and subsequent oxMation by air. The 
finely powdered indigo (1 g.) is made into a paste 
with water and placed in a flask with 600-600 
of lime water; the flask is closed with an 
indiambber stopper bored with four holes, one 
carrying a sjrpbon, another a tap-fnnnel, the re- 
TnainiWg two Serve for tl^e Ws^anoe and exit of a 
current of coal gas. The whole is heated at 80®, 
and 100-160X.O. of sodit^ hydrosulphite (equi- 
tUest td^fiA^canmoniaou copper eolation con* 
te^nifi g 19*04 g. (4 OuS 04 6 aq per litro) is intro¬ 
duced. tmd kept near the boiH%-pomt for half 
an how liter allowing to settle 600 o.o. of tlw 
clear liquid are'^iphon^ off, oxidise^ by aspi- 
tatbg^air through^ for 20 mins., an excess of 
H 0 added, and tiie precipitate of indigo and 
faidinbin washed ar^ weighed, ^he liquid re- 
jwMning in the flask is measured, and from it is 
calculated tibe combined percentages of indigo 
and fadiruHttr ^ ^rdportion of indirubin is 
laqidred'tbe film and precipitaCe are extracted 
^eoh^^whiob msiol^ee the ifidirubin. 
Tbfe methoa gives very%ooa results (Ifewson, 
0. xrm, 7,19,29,94; 8. 0,1 1886, 485). 

4 . Tnindigo is snlphonated and the solution 
ia reduced a solution M sodincn hydrM^phitc 
of knowfi strength, the excess which is then 
cstiinaied ^ titratio|( wllh ammfwniacsl O 0 SO 4 

g fflfier, JT. 1074, 1019; Chemist^ 6 , 128; 
nrntV«n a. Diews, B;18, 2288; Bawson, B. C.I. 
t 


The ^ely powdered indigo 0^) ki mixed with 
an ecual weignt of gvuud glass, and gra^ially 
ad^d to M 0 - 0 . of f^OnS.G. 1'845); Itisthen 
placed fo^hour in a steanabath at 90®. The 
sulphuric solution is dduted to 1 litre, and 
60 O.O. of tibi^^Wed solution fe xnlked with 60 
c.c. of water and 82 g. of KaCIl. Sediam sulph- 
F^^gotate l^ing almost insoluble in Strong sitit 
' solution secretes, and alter two hoora it col¬ 
lect^, washed with s"<lt solution (S.G. I*^* 
solved in hof water, and when cool acidified with 
10 - 0 . offi-^SO,, then diluted to 300 c.c., and ti¬ 
trated with KMnO, (*6 R. per litre). ^ small cor¬ 
rection (- 1 - 1*6 p.o.)ha 8 ”^^Aiadefortbe sulph-, 
indigotate wWh remains in th^^aliE>e<dation| 
the result giv^s combined pgreenta^s of in* 
digo and indirubin (Bawsop, 8.^. L 1886,489). 

6 . By loss of weight on Bublflnation (Lee, 

Am. 0. J. 6, 186). According to Radeon (l.Ck) 
this method is not accurate, since the other com¬ 
pounds pfesent In the crude indigo affect the re¬ 
sult; w^th4^|erio^ qualities the redult is often 
too high, wSlst in superior qualities it is too 
low. c ® 

7. By spectrum an^ysi^ * 6 g. of the sample 
is sulphonated .•nd dUulbd to a litre. ^ This so- 
Itttios is then further diluted according to its 
dapth eff cofoun afid is examined spectroscopically 
in a layer of 1 0 . 0 . thickness. The ooefdoient of 
extinction is directly proportional to tj;e per¬ 
centage of pure indigo present (Vierordt; Wolff, 
Fr. 17, 810; 23, 29; B. P. J. 256, 266). 

8 . By Bulphonation and quantitative dyeing 

on wool or silk (Chevreul). ^ 

Dyeing Indigo-bluc fe used for 

dyeing silk, wool, and cotton, to which il is ap¬ 
plied by the following methods: • ^ 

1. By vat-dyeing, i.e. wduction of the indigo 
to lenoindigo (indigo-whira) by^eans of some 
reducing iH^ent, steeping the niaterial^ in the^ 
colourless solution and finally exposing it to toe 
air, by whjph theleocindigo ie oxii Js^t o indigo, 
which being insoluble namains ftrmlyffted in toe 
fibre. T ^«8 is the best method of indi^ ^eing, 
and gives the fastest colours. Various redubing 
f^ents are employed to effect the reduction, and 
of these iiiflerent ‘ vats ’ the following an to| 
most Important: ^ 

Cold vats (used chiefly for cotton): a. 
vat, composed of indigo (2 pts.), ferrous sulphate 
(8 to 4 pts.), slaked lime (8 to 6 ^.), and water 



(1 to 1^ pts.), md toe sodium hy4n*Qlp^^ 
solution (Ka,S 0 d. obtained *>7 rwu^ M) 
kilos of sodiumnKiuIphito solra^ ( 8 »G. 1*27m 
with zino-^ust or zinc foil, the wlmle being snb- 
Mqaently diluted with water. d> Tin ioit- iwt 
(Snd, and an alkali) it onl, nied tor pAlliig. 
i. .dr»»ic •#(A..fe «ld an ^ 001 ) fa mb ^ 
for printing ratntt iSd, ^ t "• f* 

188&i 68). /. Bufor vat (glncoae and u iBnli). 
, Warm or fermentation Tat, (onlMi^ 
, tor wool and lilk); a. Woai va(««ompoMd 4 
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_ Ima i(10 ytf J, ihaliioxla^l« and oxlndola vers respeotiTsl* 

{» xil pMU; iUm liine (13 ^.)i uX the iniftr enhydtides o^o-amido-mutdelie ecid 
mtn 33 u Uq<i(8 u euoved U|d d e-amida-phenyl«eetia *oid,_a^hence 

teniartTpifi«Bl tv»d»jfl,ke«piagtt(^(4Bupers- ^ 

twe »t dS'-JW®, uid the r^tle then ready lor 

t. Potai^'sat, composed oUndigo (10 pts.)> 

■ ■ - . - . » 



___ 1 Soda 

«a^. compost o^fcdigo (10 ^^htan (60-to 
100 pte.), S treacle (10 to 16(^^Aoda ctyetals 
(Na,OO,t0^ (30 pte.), slaked lim«(6 pte.), an^ 
veter (4,000 pta.), lermented lor }vo or three 
dayO ' For ouier methods ol preparing vate v. 
CftppelsrUer, D. P. J. 381, 465; 358) 345, 381; 
0. S. J. 1884, 518; Collin a. Benoist* Germon 
Patent 80,449 ; 8.0.1. 1885,498: Scjnaiiokert, 
Enam Patent 1887,7^38. 

indiro if fftbrio^ 

' 9. with a paste of reduced indigo 

and deveIoping4he indigo by expds^e to air. 

8. By piiating a paste of ^pdium <>• 
Oitro<phfinyl-propioli^,apdium or zinc xanthate, 
borax^and a ^iokei^g ^ent, the colour being 
•lowly dbveloped by leaving thS mat|^ at the 
ordinary tlmperature for two dav^ad. Anil. 
Q. Soda-Fabrik. E. P. 1881, 466; C. 0.1. 1882, 
148,360 ;«i685,464). The blue obtained in this 
way BorpaBses in purity of shade that obtained 
with natural indigdTaniA also 1^ the advant^e 
that it can be rea^y employed in oonjunotion 
with other steam colours, aiiaariA. Ac.: ^ 
high price, hoover, has hitherto prevented its 
•ztended application. 

4. !by dyeing from a bath of indigo-di* 
Bulfhbnio add f sulphindigotio acid,’ * indig^ 
oarminei* or *maigo*extract’). This method is 
only employed lor wool and silk, as the sulph' 
iAdigotio add has no affinity for cotton. The 
colour obtained by this methofl, called ' Saxony 
blue,' although much brighter than * vat<blue ’ 
is not neafly so fast either to soap or ]^ht. 

- CotMfifMfwf^TUl determination of the oon- 
■utution of indgo is mostly dtle to A. Baeyer 
land Ms pupils. The molecular formula 
(^ 1 ^, 0 , TMestablished by the va^ur density 
determinations Of Somn^ruga. Isatm 
whioh:iB obtained from indigo by ozid^on, gives 
on treatment with reducing agents wozindole 
OJaC^O,, oxindole 0,H^0, and finally indole 
C^,K (Baeyera.Knop, A, 140, l,295).sFTom this 
•Saeyer conduded at that time that itfiole was 
the parent substanoa of tlfb dye-stuff, and repre¬ 
sented the latter by the formula | Or 

Boomafterwar^ Streoker propose^for indigo the 
fonnila^_ * 

Inil4 (B. 3^748) bad luigned t^intin and iMlio 
a^the fonnaUa<J,H,<Jg>00 and 

thni explaining theit ready 


conititntef (hna: 

(ilo*tndci«),OA<OT>^0 I“1870 

Baeyer a. ^merling (B. 8, 517) auigned to 
indolgthe formula OA<nh^®[ 1;3]. Inthe 
same yAr ^mmerling^a. Engler {B. 8, 885 ; c/. 
B. 9,1106,^42%) obtamed small quantities of 
indigo by distilling nitro-acetophenone with zinc- 
dust and.soda-Iiz^, from 'ritiicH they concluded 
that it was an azo- compound, and represented 
it by the formula 


lencindig^ being the corre$^ 
compound 


inding hydrazq, 
lE. 

j’l878 SommSuga (.4. 194, 107)>pToposed the 
p-0 

formula ; In 1879, 

Baumann n Tiemann snggested that indigo- 
might be a derivative of diphenyl: 


- 

aoavmion intodhanudo-baUL. 

•yUa aoi^ and thS viavAviB apbaedl^tly eon* 
Armed by the inveitigationB of Baeyer a. Anida 
(B. il, M3, 1338) and ol Olaisen a. Shadvell 
ijS. 1% 8W). it the lame time it vat provedi 


•HN^^ ' ■ ' ■'^Nh/ 

Ljubavin (B. 16,248,728), regarding indigo as a 
substitution product of mdohne 0,gHi,Kr pro- 
/0;0.HNv 

posed for it the formula: 

Baeyer’s syntheses of indigo in 1882 from 
indoxyl and diisatogen (B. 16, 64) led him to 
conclude that it had the ooikiitutfon 

0;-0-O/Ov • 

but his 8;.bM- 

quent reseBTcbea (B. 16, 2200; 17, 976} cawed 
him to modify this lormula to 

the indo^nide of tj/'isatin or diindogen. The 
latter formula which is now tolerably wpil esta¬ 
blished is based following coifisidera- 

tions: i. Indigo ^ntams an NH group, ii. 
^e carbon atoms me arranged in a line 
0,Hg.0.0.C.0.0,H„ as follows froik-i^ formation 
from di-phenyl-diaoetylene. ij^. It can only ba 
obtained from abmpoonds in which the carbon 
l^m directly united to the benzeha nucleus ia 
also united to 0, or qppable of beconj^ so 
united. Tv. Its formation #nd properties indi¬ 
cate a olose rolationship to the ^-indogenids^ 

ethyl-^-isatia 

to indirubine, which ^ proved to bathe i3-indo- 
genide of 4.ie»tm 0;H.^>*0 <o^;>NH. 
The tvolUtter bodies ere fotmeA^^ An- 
deuB^jon of indoxyl 

othyH-isatin O^tC^^OO, or vlfc iaatto. 
Ld end lali-1 0JS,<^^^0pBQ, hi vihioh reteUoni the ind- 
oxyl is probebly flitt ^mn^ormed into 4-inlox^ 
end the,^iB8Ai» into ,f-i«ti» 



iKmoa 


Oomb&iftt^ iBan te!te . 
l^«e&ilu«^iuboa«Aiaoettie f4Adozritt^L 
tha ^•aftrbon^ atom of tha^ ^iaatio, thia • ^ 
* 0C<^^. f 

'NH. ]bUligo li eon- 


sequently tise iiomerio o-mdogenida of 
thongdi it oumot be fomed bom isatid' osd 
to the grea\p tend^no^ttAoeotion 

SubatUuium prodveit. iBdigo-moso^. 
j^nie eeU C^/0,(SO.H)I Phan^nt-nd- 
phone acid, f onaed by ellowiag to stand tor 
some time a mixtoie ot indigo (Ipt) with or- 
dinaiy snlphnrio ^d (20pts.), and separates 
M a Uoe powder Hin ponrug the solilticm into 
water. It ie easil^olnble in aicohoi, ^d in 
^ter free from acid, forming blug solutions. 
m salts are sparingly soluble in witer. In the 
dry state they are red, in solution blue.—A'K aq: 
pprplepp (Crum, i 4, 189 j Berzelius. 
Bert. J. 4. 190; T, 962; Mimas, A. 48, 940: 
JBaeSely, <?m. 6.462). . # 

In^oadi-snlphonle aeid 0 ,ANA(SO,H)j 
Suhhindigotie acid. Oaruline-aulphurie acid. 
bmep.exbaet. Prepared by heating iqdigo with 
16^ pts. of ortoary, or bettor with 7-8 pts. of 
Inming, snlphurio acid. Amorphous blue solid. 
V. sol. prater and alcohol. Completely removed 
from Bolntion by wool or oharcoi. The aqueous 
whilBan gives a confSnuous absorption spectrum 
(Vogel, B. 11,1366). By oxidising agents it is 
omiverted into isatin sulphontc acid, byreduoing 
agents into lenoindigo-sdphonio acid. Its salta 
are mostly sjftrin^ wl. water. The sodium 
salt (A"}^) appears in commerce under the 
nampof indigoearmine or solubledndigo and is 
used, f« dyeing the eo oalled ‘ Saiony-blue ’ 
opoa silh and wool.—A^'K,: amorphous blue 
coppery powder! S.(atl6°)i?7.—A^Baim. sol. 
hot w^r (Crum, Berr. J. 4, 190; Berzelius, 
*er». /. 7. 262; Dumas, A. 22, 72: Joss, Seri. 
J. 14, 316J. According to Berzelius [Om. 6, 
4S6)»i»{e le formed, togqther with the dl-sul- 
p^mo add, another aoid-ihaso.eaUed ‘ indigo. 
hnonUpkunc o^,’whi^ dpers from the di- 
tnlphcrao acid in its aramoninm salt being 
eahfala maiitBial. * 

I»di«(MlUarj^lle add C,AAO, tA 


tObWitrf 

the aq^ of aeetOBb aaA<MitESK|^ dl- 



npptn nee^es. C)& not ^^hraate « 



- .^, 0 , - - *Ptotedby 

adding brome-isatin ohlotide (from bromadjiatin 
and PCI,) to an excess ^f an 8 p.o. solwm af 
HI m add (Baeyer, B. 12,1816). Also 
obtamed by boihlig the acetyl derivative of tri- 
bromo -b danido - acetophenone with' Na,CO, 
(Baeyer a. Bloem, B. 17,<68).^olnbleS phenol, 
from which if separatepflh adding akohol in 
hsmall black needles. Nearly insol. alcohol, ether, 

I acetic acid, gf chloroform. Dislblves in cone. 



le-oar- 

-J -with 

> by rednotion 
v^^s.-j»^avaa 0 ‘ carboxylic acid 
iTXVr with jacoae and 

NaO& OogCsciy bloc powder. Inaol water, 
a te<M|Oi| atiier, J|pd ^Idrdfarm. Dissolves in 
H^,^ad»p. bme Goloor, A alkalis with 

IMO W^ —A"St,: snbhmCs m prismatic tables, 
WBlr dilozoform dhd benzene, nearly %8oL 
■loohAl ether (L6w, B. 18, 960; A. 231, 

*^^!tAloro.laaigo 0„H,qUt^ Obtained by 
H» aidthnx oi acetone imd'lmO'H ^^ro-o- 
(1«U1« dJsrwkws PaUntl 
30,329 and 38,0^. • ' 

Tstrtcblero.£sdi^ 0, ACa,NA id 


tritodigo C..H.(NO,),ir.O. is. 
C.H.(NO>(“^C!C<00>OA(NOJ. 

Formed by a^^g nitro-isatin chloride (from 
mtro-isatin and PCI,) to anolntion ol m in 
acetic acid. Dqgk-red powder. Nearly insol. 
alcohol; other, acetic acid, and chloroform! v. 
Bolspt^aol ^fed hot^itrolMQzene. The absorption 
speotrfim is analogous to that ef indigo. Dis. 
solves in cone. H,SO, with a violet-blue colour 
(Baeyer, B. 12,1316). , 

Di-amido-lndlgo C, AN,0,(NB)), U 
CA(NHJ<^C:0<^>0A(NHJ. 
Formed by reduction of the foregoing nitro> com * 
pound with zinc-dirt and acetic acid. Dark-blue 
pp. Nearly insol. alcohol, other, an^ chloro¬ 
form ! V. 4k, sol. acetic add with a pn» bine 
colour. Its absorption spdttmmtis like that of 
indigo. It diBsob.'es in dilute acids with a bloc 
colour. It forms a ‘ vat' like indgo. 

Di-bonioyUndlgo 0,Ai.N,O, inai * 
(lOS^iifqpaed 
hy hoating^digo with BzOl. Brown amorphAis 
powder. Inaol. water and acetic add, el. sob 
alcohol, mneoL other (Schwartz, /. 1863-667), 
Di-mefcyl-lndlgo CjAMe^N.O, ^ * 

0Aihfe<[jjg^C:0<^gjj^CA»Mo. Formed bp 
the action of acetone and NaOH upono-nitro-to. 
luioaldehyde. Blue oopperypowdem Sol. aloi^al, 
ESsembles ordtoary indigo (Meister, Lndu it 
Braning»0.i>. 21 ,B 
v-M-ethyl-indlgo 0,g„N 

°‘®‘*SNEt^®'°^tN>°A- ^Prepahdby*i. 
duoing the di-ethyl dedvatiTa^ f-futint-ir-* 
oxim* 0A.<NBj>0(N0Et) wtSalcdiciic am. 
monmm nilphide, and thanjfliffyig ^ strsaiB nt 
00, Uiongh^ soln^ Blu^fdd needtof; 
T*iol. alcohpUorguflg iMecp-nne sblation, the 
Bpactwim ofwhiah closdy resembles that of ia> 
digo. I^Bs Bolable in eAar, acetone, OHOlit 
Aid a n i li n e . It inl^iBeii at a vi] 



&ad oa heat. 

las ii mih «iQc4ait «d ilhsUi 

j» it giT»<tethyl.if-. 

yfrormea by 


the Aotioa of eoetjte and Na 
enmlnio aKehyde 0,H,^(N0. 
horn a. aieeir, B. 17,2019). i 


yiiiabb: t» 

HdiaaolTMhi j^ tirai ngaided hr Baa^at aa ideatioal 
wlom, and on ua^ *indoi7l.aiilphnrie4eid,’ hot aeoordiiif'to 

iac4ait aed alhalii 'Bahpiann and Kamann toia fa not the aau 
to it giva^thyl-if-. Tlndioan oJ^NO,,/?). filmt indiem. 
i‘„ a . ?/ "■ imindim. Oeenaa in 


rinSSi . «Ku«a u^,HU„(7). Fmnt indiean. 

u»nw K 1 "■ Oooma in 

(mifeHnNtOi M. • - th* Indigofm, in leatU tSudoria (woad), Poto- 
C:^>0.HA. ifronnej by S<>mumtmd»imi,Bhtia(atditnilk^ 

and other plantaiSohnnok./.lBM; 

»>)• .P^ParedV 


r.- ■■—-.Y '— I —r.—ry powdered woad learea witk 

in amaU quan- cold alcoM. She e Aaot treated with a little 

VOnmvI.oarvH* wafor ia „* * 1 .,. _i_X_ 


pery iossre. aoL aiconol, omor6fonn,Jnd ether, taken up with alcohol, precipitated wiOi twioa 
inaoL wa^. Shows the indigo apeotAi*. Sub- its Toliuntof ether, and thetfUtrate evaporated 

“ tt>» ®iuiary temper^nre. LighStowne- 
dn Mid cqpi^ BjSO, ifBtoabroTO Mlonr which syrup. Slightiy bitter taste. SoL water and, 
on heating beeves green and finplly blue. »alcohol In aooholio solution it^vea a yeUow 
^♦tra-methwy.ljdigo.di.carbixyllo acid PP- with lead aoetate. Boiled mth KOH it 
t evolves N£L. Bt Inner Knilinn with wat^ia U im 


evolves N^. By Ion 


with water it ia 


and aoetoae upon nitro-opianio aqip Bluish- <5|kll^*tndicanine O^ H mNO,, (?). By heating' 
greed solid. ^1. phenol and ^^ne with a . dilute acids it ia resolved into indigo and 
green colour, insol. alcohol, benzem^, chloroform, (ft 8og«)* Simultaneously are formed 

and acetone. Dissolves in hot dilute NH, with indvretm 0„H, jliO. 

a blue colour, the iblutipn showing the absorp- r^Ff. ®P^ alcohol), indifulvin 

tion spectrum of indigo^-suiplfonic acids The (j®^8h-yeuow resin, insol. alkalis), indihumin 
solution of the NH, salt is pr^ipitated by salts (brown powder, insol. water and al* 

of Ca or Ba. ^It mssolves u^tercA Ascono. alkalis), indifutcin CuH^NgO, (ana- 

H3SO4 with a ^olet-blue colour. On heatinc it *9 acetic acid/ formic add. 


of Ca or Ba. ^It dissolves un^terdl Ascono. alkahs), indifutcin CuH^NgO, (ana- 

H3SO4 wit^ a ^olet-blue colour. On heating it *? mhumin), acetic aoiC formic add. 

evdvea violet vapours and a smell of vanillin (Schunck a. Bomer, B. 13,2811; 0. N. 

i^dstifirTiinnn. B, 19t 882). When fresh indican solution is z^'ed 

with strong acid and boiled. onW indiffa And 


cunu vwcuwuo. x/iBBU4VB» XU UUIr UMUbS «X1, WlbU / , 

a blue colour, the iblu^n showing the absorp- 
tion spectrum of indigo^-suipWonio acids The £* 
solution of the NH, salt is pr^ipita^ed by salts 


AlUid compounds. 

• Lsttoiadigo 0„H„N,0,is. 

P). 


-.TV, ...vy. n.uou ullAtVAU BW4UUUU U> wiiineMi 

with strong acid and boii^, onto indigo and 
indiglucin are obtained, bnra the indiaan etdn- 
tion is previonsly bailed for a ibort fBne ia^. 
rubin ie also formed (Sohnnok, 0. J. 86, 628)7 
The n^e * indican ' has also bm eipo- 

nA/\ne]v mtrAti 4.\ {ia4,w.w 1 -t.. 


, r;** ,•»»««»»’ has also been ai». 
Indig^htU. Formed by reduction of in- neously given to ittdoxyl-sulphuric add i^iob 
digo by nftans of alkaline reducing agents such is a normal constituent of the urine of 
as^PeSa ^ lime, grpiment and NTOH, glu- (Baumann a. Tiemann, B. 12,1098: lCm[Z 
oAn and NaOD->ivdfv%Bn.inV>t/}de .^n t.. T«ssi.M.vd.. n-tT»/^•. r m 


« ut (utoiMujo couuviug SUCH IB a normal oonstunent or the unne 
ijime, grpiment and NlDH, glu- (Baumann a. Tiemann, B. 12,1098; 
)H7sodinmhydroBjiJphid«»Ao. In- Indimhin 0„H„N,0, is. 


^MdNaOHfsodium hydrosnjphidetdio. In- Indimhin 0,,H,,N,0, is. 
digo (i kilo.) is allowed to stand for one or two „ o .^0 
dye with a miitare of lime and FeSO, in a “ 

olojed vesj# of ^00 litres' oapaoityetflled with „ ^CO Sp fi/StOH)Lw 
water. then siphoned off into '^•‘**\NH-^^*^\«lHa 

aao||ilr vessel, filled with CO„ and HQhu added. Xndigo-red. 4..J#afi«ia-»uiotf« 
j^e PP^ leucindigo is then dried in a stream of toge^er with indigo when a sdul 
(Dumas, xl. 48, 257; Ullgren, A. 186, ’previously boil^ for a short *ti 
,g^. (n%yuh-white silky solid. Sol. sS^hol and with an acid, kso together witl 


Indipnrfwin. 


go when a eolaBShot indiora, 
for a short *tiBM, It treated 


,g^. OAyish-white silky solid. Sol. sS^hol and with an acid, kso together with ^digo4^ 
ether, msolevater. Dissolves in alkalis and be- wtion of zinc-dust and acetic •ciT^ptA uatin 

^-IiVa a waaV- aAs*,) Tl« ia .Li la. /mx_* . . , a, .. , 














































. The tnmo- itrinatin* itnoi 

indojjl and bromintutosemUsa indirabin. 

The di-brmo- dtrivativt 0,|H,Br,K,0, i^- 
tained in rttf small qoaotit^^gether ^dth 
bromolndigo bj rednoiion ol bm^Bstin oblCl- 
ide with HL Needwi: aoh aloohol and et^ 
fflaOT«,B.W.1816). . 0 

^ tils (K-nitro-dertoaWM 0, A(1I0,)^,0, ii 
(armed In small qnantity together with giitro- 
indigo by redaction o( nitroisatin ohliYide with 
HL Sol. aloohol wi& aW ool3ar.r 

Btl^l-indirabin 0,,H„Nj0, *a. 

i-Indtgenide of 

Prepared by adding a 
hot i^xte^n folntion of indoxyl to a hot aqueous 
solution of e^y^v^'isatin mixed wth HGl; 
vbrowniel^d needl<;^of the product MpaCate at 
(Unoe (BMjer, B, 16, 2200). Copwry needles: 
■oL o^oToform to a red solution, iCl sol. aloohol 
and acetone. Pissolves in oono. fl^SO. with a 
brown colour which becomes violet on nesting 
with formation of & ^phoSo acid. It gives a 
vat’with zino-dust and alkalis. ^ 

' Indileuein GigHtaNsO i.s. ' ^ , 

, OA<®i?^»>C.C<OH^NHor 

*>7 

redaction of indimbin with zino.da8t and acetic 
acid; the jicld is 35 p.c. Oolonrless glisteniog 
needles; sol. acetic acid, si. sol. alcohol, ether, 
benaene, and ohl<Vo(orm. Fe,01, gives an in- 
tanaa yellowish-green ooioor. Mitroas acid 
cr^bars the acetic acid solution orange. Piorate 
&.H||N|00.£L(N0^0H; orange crystals. 
Methyl ether OSH„N^OMe): [192°]; largo 


glji%"’»V prisms; sol. alcohol and ether. | 
Tnaootyl derivafiveC„H.AoJSjC: [278°]; 
fla^allow needles (Forrer, B. 17,977). 
uo-indilsnoin O.iHi^jOC' c. 

092°]. Formed 

ky^ijuddng a benzene solution of w-di-bromo> 
aoet^Anone CaHt.CO.p^r, with strong atme* 
ona NSI^ Yellow niatos.'tSol. hot i^coHol, 
iniol^m^, and cold benzexio. Weak base. It 
a ^jvei>NSMd|r^ oolovlation on the addition 
oTphisnol to *9^ ja^Os solu^on. By reduction 
in alcoholic st^nthm with tin a^ HGl it yields 
|iydfoi%j frdiianmn . Piorate ^ 
0,A^yj00ia^^,0H aq : [160®]; yeUov 

idlec (En^r a. BksMnkamp, B. I8(«2241). 
Eydro4Bo-indllefieia C,.H„W,0 i.c. 


I wiWdeMmoMtiolb* tbrauft li|'|a‘iWSia' 

*i" 

pleaeiii. Flatei. . Y, mL alwt^YaKt be 
OBOlp SoL H,80i with a UmeoldairDddin 
back to isoindilemw by treatment wiUi OtOu 
lIe(lwl.Iso.iidUe»o^iPftH,,to,0. 0«‘ 

FonSed byfeeating iaolndueaem with Hu, ai 
alcohaliaEAHatlOO°-UO>. B|||atM. 8(d.al^ 
and ether. ^ colooiation Hirlth HSO, at 
phenol (EnglSrwpassenkamp, B. 18f22i9)'. 

Inddn OaHaMtO,. Formed by sdllisg Fe8( 
tc a solation of o-niteo-phenyl-propiolis soid i 
E,SO„ or bybhe action o( the ptopiolio a^ 0 
an H,SO, relation of indozyl. idso by aotion. 
FeSO. and bone. H,SO, npgn o.&nitro4 
phonyl.di^(yledoO.H,(NOJ.O|aCiC.O.H,(NO 
or upoh tiSar isomeric diwtogen 0„H^0,; at 
by treatment ^nf iistog«^^;&aroaB acid wit 
oono. B,SO.. Bine dystMoS, reseAblnw indi, 
in many points, Dissolves in cold H,S^ witti 
blue oolootgbat is not teadil]> lunhonata 
Also disselves to a bine nl&tion inisold anilit 
or aqueous SOj. Oombineqwith SO,. 

• vat ’ (Baeyer, B. 14,17^2; 18,62,67.219). 
Indolb^,.H,,N,<.fc ^ 

.P«° 

Formed by hating lenoindifo {indi^o-whit< 

H pt.) with barium hydrate pts.), zmo-dm 
(1^ pts.) and water (Id^ pts.) for 24 hours i 
180® (^hiitzenberger, /. 1877,611); the ptodm 
is 4xtu«ted*with s^hol, the^oobol evaporate< 
and we rWidue heated with Zkno-dnst when, 
indoline sublimes. More readily .obfki^ by 
reduction of fiavindine dissolved in dilute «aG^ ^ 
with 8 p.o. sodium amalgam (Gimud, J, 

686). Long yellow needles by subUmatiiUL Ekd. 
aloohol and ether with a blue fluorescence, iusoL* 
water. Forms salts with acids. The picrattf 
CuH, 4 N,G«H,(NO}^H is si. sol. aloohol. 
l)i-ohloro>indoHneGj|Bli,Cl,N, Got by 


l)i<nitTO«indoline Got 

by dissolmg indfiline in warm nitrio acid. Oij^ 
t^lises from alcohol in oranm-yellqw crystie^ 
Indoline‘di«iolphoaio ftct^ ^ 
G,«H„(80^^, is formed by beaungJndolins 
with fuming 1^04 at'180®. Its scS^iio^ salt 
A'^Na, is <jystalim6. ^ 

^ Other references .—Sommamga, B. 11, IM; 


^ ajraren^i-mmwiom U) 4 £l, 4 Z 24 V 


40,98. F. also lunn, Isiiia acid, Oxonxna, 
Imsoztl, bnoxmo iom, Dnutoen, Is^ra- 
mzs, limra, bnoiii, NiiBO-rBiltTZ.-tBOKOua 
icixi, Di-sTmtssMaxinirBi-tai^Nmira, If^uto* 
omao i£in,, 
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